5 ANTI BODY PURI FI CATI ON BY CATI ON EXCHANGE CHROVATOGRAPHY Thi s application
clainms the benefit- of U S. Provisional Patent Application No.

60/ 983825, filed 30 Cctober 2007, the disclosure of which is hereby

i ncor por Q reference inits entirety for all ses. Background
of the 1l ﬁ/@gl%olg'}‘ésr\s;%'el d of the Invention This i n&gﬁﬁf%?{'s"?@ls% es
generally to protein purification. In particular, the invention relates to
a nethod for purifying antibody froma conposition conprising the anti body
15 and at | t.Qn n L.pant _using cation exchange chronatography,
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eluting the desired anti body using an elution buffer with increased

conductivity. Description of the Related Art 20The | arge-scal e, econonic
purification of proteins is an.increasingly inportant problemfor the

bi ot echnol ogy Thécrpalieajion claires thebpnefis pbUd. RepvisiamapPaschidgplitationel | cul tur e

usi ng ei tyher, vyt | r ti ell Lines.engi,neered to,produce
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t he déne refrentdiatitseniidesi for albpipesdshe cells typically used are living
organi sms, they nust be fed w tQ a cor{:pl ex growth 25 nmedium containing
sugars, amno acids, and gro he y supplied from

prepar at ig8 oPfhe Alchfdn S€rum Separation of the desired protein fromthe
m xture of conpounds fTed to the cells and fromthe by-products of the
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surroundi ng growt h nedia; others are made intracellul’arly. For the latter
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cell, m'eﬁﬁoﬁ@ﬂﬂﬁggﬁl%&e%\éd%oﬂcﬁfchﬁw of net hods, including mechanical

shear, osnotic s or enzymatic treatments. Such disruption rel eases
the entire contents of the cell into the honogenate, 35 and in addition

pr oduces .subc Ilui. r _f nts that are difficult to renove due to their

smal | si %ﬁﬂﬂﬁm& |1y removed by differential centrifugation or

by T 20t 1 at | onThd e WQe200RGAHHE FLARGORNNSEATLO 1 iRcSATRIPHARKEM ar | ses,
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al though on a smalTer scale, with directly secreted protel e to the
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the cells typically used are living organisms, they must be fed with a complex growth

25 medium, containing sugars, amino acids, and growth factors, usually supplied from
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

30  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,

35 and m 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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10 conbi nation of different chromatography techniques. These techni ques
separate m xtures of proteins on the basis of their charge, degree of

hydr ophobi city, or size. Several different chromatography resins are

avai | abl ay§940eaglh Of these techni ques, allow ng accur, ﬁ.ﬁ&@%)oﬁrsléqg of the
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Chr omat ogr aphyS Prta@iNgeS.d 40.0bt fofdrs tot pusyinSembdibogy incamchq@&akoldédr lpn, San

Di ego: Ac 31| ; S, 65-8 1997); , Ti.shche et .al, Journal _of

Chr omat o%ﬁ%ﬁ%‘h 55‘%%{1‘110?0 koyds %%\a%g-_eergs% pla %%%?0?g%nwgrﬂé SB‘?°§@ ng‘g ure
herein concerns an inproved nethod for cation exchange 30 chronat ography
of antibodies in which a high pH washZstep is used to renobve contam nants
prior to eluting the desired anti body product. The process results,
anongst other things, in inproved renoval of Chinese Hanster Ovary
Proteins (CHOP) contam nants. In one aspect, there is provided a
met hod for purifying an antibody froma 35 conposition conprising the



According to one enbodi ment, the disclosure provides a nethod for
purifying an anti body froma conposition conprising the antibody and at

| east one contam nant, which nethod conprises the sequential steps of: (a)
| oadi ng the conposition onto a cation exchange material wherein the
conposition is at a first pH; WO 2809/ 058812PCTf fi r S2008/ 081516 5H( b)
washi ng the cation exchange material with a first wash buffer at a pH
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10inS/cmto 100nt/c According to one preferred enbodi nent, the
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Pr ot ei ns @W)P Petihach Poals ﬁ:rmmrwcmaz Am‘ﬁzbd&g,g]‘&gm e*dh&mmlagy;gteh@dy
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material with a first wash buffer at a rom about 6.8 id
al., Journal of Chromatography 590(2): 255-261 (1992); Protein Purification Applications

- - A Practical Approach, Harris and Angal, IRL Press pps. 151-156 (1995); Sofer et al.
Handbook of Process Chromatography: A Guide 1o Optimization, Scale-up, and
25 Validation, San Diego:Academic Press pps. 65-80 (1997) Tishchenko er al., Journal of
' Chromatogmphy B 706(1):157-166 (Feb 27, 1998)

Summg_gf : '
The disclosure herein concerns an unproved method for cation exchange
30 ' chrbmatography of antibodies in Whlch a high pH yvash step is qsed to remqve'
contaminants prior to eluting the desired antibody product. The process results,
amongst &her things, in -improved femov'a;l -df Chinese . Hamster Ova:y Proteins
(CHOP) contaminants. -
In one aspect, there is prowded a method for punfymg an annbody from a
35 composition comprising the antibody and at least one contammant,,r which method _

comprises the sequential steps of:
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(c) washing the cation exchange material with a second wash buffer at a pH
fromabout 5.0 to about 6.0; and (d) eluting the antibody fromthe cation
exchange material using an elution buffer with a pil fromabout 5.0 to
about 6.0 and a conductivity from about 10 to about 100nS/cm Preferably
the CD20 antibody is rituximab. In a further aspect, there is provided a
met hod for purifying an anti body that binds human vascul ar endot hel i al
growt h factor (YMF@Eadidy 4B 2oapsReS e aCofRh! Stchfnddhtatifal RAYciANEe ONEe or
nore contam nant's sel ected fromthe group consisting of a cell culture
medi a conponentconyasiamyd at,a i@ pfése Hanster Ovary Proteins (CHOP), DNA, 15

viral contam nant, and regat ed VEG- anti body, ich neth conpr.i.ses
Uhe sequent | al Bt sy HEGET ESEE riae el A oh Wk CE & AT
exchange mat er iglicver i ﬁxﬁ?ﬂﬁ?ﬂpﬂé'cbhﬁi%si!tﬁﬁ %g (a?,I RhtEmam suQfiRe fird:

(b) washing the cation exchange material wt rst wash buffer at a pH
from 206. 8 t o 8&3h buffe) isvimehb8goOe cati on exchange material with a second

wash buffer at pH from5.0 to 6.0; and .(d). eluting th i body from

the cation exchanbastis i aionsrAians Bl o b ARPemA e ﬁl&ﬁqﬂaha 5.0 to

6.0 and a condygtiyisty ftﬁ%;p({ﬁ{]@ﬁ}sttgv Peniklcmg Accordi ng to anot her

preferred enbo |&en€,=?he di scl osure rg%ateslfo a nethod for purifying an

ant i body that Wkdndsitihgthe avtbsaiyl Aometidotdtehi exichgroewhnhtefialc tvith {nVEIGEPnfrom a

conposition conprising the antibody and one or e contaninag%s sel ect ed
el

;
fro11l the grolyliehati s CcPRgicHVIty vEErh it gt ﬂ%ﬁfezfﬁén&“h%ﬁﬁsdh%‘h ArtBsyci n,
Chi nese Harmst er, r qg&ﬁﬂ gﬁgﬁ W I qgk@

aggr egat ed VEGﬁeéﬁgfﬁgg ) wh?%ﬁ&net %8 conp$¥g%?dﬁﬁ%hsequgﬁ%?g%qg?ggs of :
(a) |oadi ng thehcdmpeshiffa@rnronipodmasaily dr samehange material wherein the
conposition is at a pH from about 4.0 tgo about washi ng the

6. 0; b
cation exchangécrending 1) ong; amppodimentsthe giso s providgs agn%hpé FemuIEERS Ut 6. 8
to about - ' : ' i ' d h
ot £ or -t 1 b nER U liy ERMPAREHRTARYGLRICH B hd (orfiBEANC VO

ant i body hmmﬂmmamo@a@m@ﬂﬁﬂxmhﬁﬂg@nﬁmbﬁpiaﬁ using an elution buffer with a
pH from about 5.0 to about 6.0 and a conductivity fromabout 10 to about

10100nS/ cm Pr ef®r kgrdipg thsecormmysitinmn PBEUY ¢abionekrgbanggnaplerial whereppydhe

di scl osure als neern sition conprising rituximab in a buffer
conpri sing abo§9&%g%ﬁ?$éﬁggggat9§ pH of about 7. 8. In addition, the
di scl osure provides a conposition conprising bevaci zumab in a buffer

conpri sing about 25m VI MOPS at a pH of about 7.0. 15 Brief Description of
t he Draw nas Figures | A and 1B provide the am no acid sequences of
the heavy chain (SEQ ID No. 1) and light chain (SEQ ID No. 2) of rituximb
anti body. Each of the framework regions (FR1-4) and each of the CDR
regions (CDR1-3) in each variable region are 20 identified, as are the
human gamma 1 heavy chain constant sequence and human kappa |ight chain
constant sequence. The variable heavy (VII) regionis in SEQID No. 3. The
variable light (VL) region is in SEQID No. 4. The sequence identifiers
for the CDRs are: CDR HL (SEQ ID No. 5), CDR 112 (SEQ ID No. 6), CDR H3
(SEQ ID No. 7), COR Li- (SEQID No. 8), CDR L2 (SEQ ID No. 9), and CDR L3
(SEQ I D No. 10). 25Figures 2A and 2B provide the am no acid sequences of
the heavy chain (SEQ ID
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No. 11) and light chain (SEQ ID No. 12) of bevaci zumab anti body. The end
of- each varl able region is indicated with'Il . The variabl e heavy (Vi)

region is WR20OS¥Z No. 13. The variable light (VL) regpomysmmlﬁEQID
~No. 14. Each of the three CDRs in each variable region is. underlined. The

S o 1) O i e BBl { PG |bgfqaba'ax%;5wh@ﬁs) CDRL? ¢

(SEQ I D No. 19)grestadth&iDiRat 3f thekchopbkilibn in’@), wherein theE{-ﬂJg [ 'bB_ﬁs a
8

 side-by-side coq arlson of host cell protei'ns renov

exchange chr onel® HBdeabent8i0;t he i nproved rituxi mab pr ocess conpar ed

to the orlglna re achieved with the new
- process. éﬁ%ﬁ@ﬁ%%%ﬁﬁ%wg’tﬁﬁé ﬁ“ﬁg&ﬁ%ﬁﬂﬂm@he
Preferred Enbodsimﬂ:mmmwﬂae(ﬁﬂﬁwashbu&‘eridﬂﬂ n, nunerical ranges of

amountg pr ef ac the term "about" expressly |ncI ude the exact”range or
exact ﬁumerl caigae%tﬂgttgq 5 the Wﬂt%clmgqamﬁemlmmm elitiocbiffyri ses

the anti body oft 'i‘t:&id%:%ﬁ qv t n The conposition
may be “partially. purified (h}&l ﬂpﬁﬁgl ng E}e%&}%%ﬂgﬁﬂé tthe Serond Wash
purification sb ) .or may be-obtained directly froma host cell or

or gani sm prod he ant i,bqd the conposition may conprise
harvest ed cel Iuﬁlee??b gb b@? %b&d%tfg'é‘b““hgp%‘?rfuc b piotitusiseab, de binde hemsn

- gener al | yvasoulpegidbtelial 3R 4187 (EGEY bkl ol BevaBLEmigan about ten anino
acids. Preferably, the polypeptide 1s a mamnmal i an_protein, . exanples of

Do B TCLele: th aRbdler 955?%%%@%@%%%%@%”%%%% and
hor none: ﬂlhyamm)m&wmlaaionqgashﬁmmﬂﬁmsiﬂgﬁﬁ@ﬁﬁiﬂéﬁﬂ%d 8hdbAmdre &BM? b

insulin A-chain; insulin B- chain; proinsulin;. follicle stinulat
hor mone; E@PEPd GAmrthe groun ennsisiing of &hms:ﬁ@ Hamsteg QveasgBroteind (ﬁfﬁom; Ié&héd)r s

such as f Vi on WI | ebrands
factor; ti- cIAd I\:I%’gmk%tgg‘%‘%a éféﬁb@ Emgg?‘i/%ﬂmﬂé‘ﬁ thersegpential
- factor; Ismgs@ﬂ-,lrfact ant ;. a pl asm nogen actl vat or, such as urokinase-or
human_urine. or tissue- type pl asm nogen activator (t-PA); bonbesin;

-~ thromfl n; hemofRi bailingg thewchnipasition, ontaner catienr ashanden izl Whereiinthe

. -beta; enkephal | hase. RA ES on activation 25 normally T-cell"
- expressed and g ?%St‘%?ﬁ ggﬁr?ﬁftﬁﬂ@c4'@%h€tae i nfl amat ory pr otein (MN .

1-al pha); a_se(yyrivahiishs caﬂé;ﬂeﬂéhalﬁ t&ﬂl%ﬁhﬂ%&l&{‘

Muel | eri an-i nhl(Bgl ting substance; éaX| n A-chaln; relaxin uﬂ°§r aﬁa p# ﬁ-om

prorel axin; mo&8go §dhadot r opi n- assom at ed

(c) washing the- catlon exchange matenal with a second wash buffer at a pH from
- 25 5.0 to 6.0; and
(d) eluting the antibody from the cation exchange tnatérial using an elution buffer
with a pH from 5.0 to 6.0 and a conductivity from 10mS/cm to IOOﬁiS/cm.
According o one preferred embodiment, the disclosure concerns a method for
purifying an | ant:ibody ‘that binds. human CD20 from a composition compnsmg the -
30 antibody and one or more conitaminants selected from the group consisting of Chinese
Hamster Ovary Proteins (CHOP) leached protein A, DNA, and aggregated CD20
antibody, which method compnses the sequential steps of: o
(2) loadmg the composmon onto a2 cation exchange material wherein the
composition is at a pH from about 4.0 to about60

35 ' (b)washmgthecaﬁoncxchangematcnalwﬁhaﬁrstwashbufferataprmm
' about68toabout90 ' '



peptide; a microbial protein, such as beta-|actamase, DNase, |gE, a

- cytotoxic T- |ynphocyte associated antigen (CTLA), such as CTLA-4;
_inhibin; activin; vascular 30 endothelial growth factor (VEGF); receptors
.for hornones or growth factors; Protein A or D, rheumatoid factors; a

. neur-otrophic 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
rowt h factor s(e)washingube-ceion pkehagpe mettrial with agecond lwakiabuffer o RPErom

- including TGF- 1@} etufikd the 3atib3GF frdhe EionBdhangs mEGABSing ASULESh biflle
' Igpgvvtjhl chtor-ll@%:d =11 (ItéF--I and 1G--11); des(1-3).-1%:u-l%£_h(s%!¥'lg‘iﬁ}l 1 G--1),
Cinsulin-like grith#spHofzem abputntf fe abeusttel fad ¢ ragdprtivity fomn pbatt dDris abomt h -as

CD3, - WD 2009/ %E??&g CTp Ao \ . CD19 and CD20; o
_erythropoi etin; 0s eofn#ﬁct-l vg%ﬁgé%éqo n%%‘s;”a bone nor phogenetic

“protein (BWP); Ian frther fagpedn Sufhisaprovidedr4 Qieﬁ[bdafoﬁgxriﬁihgteﬁ‘b aiftibddy tBRN8;
colony stinulating factors (CSFs), e.g., MCSF, GWCSF, and G CSF;"
i nt er | eukibipgls human vageudar endptheli wih Gactey (YE(iftham @icomposisien cPmpeising

- receptors;, surface nbrane: prateins. dec acgelerating factar, viral
Lt ben ol HipBaY SRR ARE BF Bl FoRlainard (P bR R eh (BRbsBhE of pichlpor 1
pr ot ei ns; chmire Reedi£ 66Rboeht, RHANPSHE] CRinesd Wdhdiep OaPf PEREAS (CHOMSID]
such as €Dl la, CDl Ib? CD1 ?‘é CD18, an |CAM VI A-a?andrvog\m gj’t utr\rln??s’
assoclat edirahtcogieminanth and agEREated-RBEGF  pEidddye vdptlormethod dorappisent the
and/ or variants g{wany_ of the above-listed pol ypeptides as well as '
~anti bodi e SSTUeial S¥PR G ant i body fragments, binding to any of -the
~above-listed pedypeRidedese Amposition! Bhfocd BRIAPERHaGEe i fat@hal ; "
anti body or an?éi)nt I-body fragmentS tohat' t())i nds to hunﬂnggg%D%%@H?lo?&%géénnp %,
“rituxi-mab; or sompodiGen isattiphbftpmot.0dm 68t | body fragment that: binds. to
human vascul ar .endotheljial growth factor (VEG), for exanple bcvaci zumab.
A "cont ani nant ) & iherg PntePfﬁlﬁaq% 'Hﬁ‘tf"f‘%lr‘@ﬁ% agprsthvashe bfdi gteadp dfanbody
produgf . The cgrgttgrgi[gant includes, without linmitation host.cell materials,
such ‘as Chinese 20 Hdnster Ovary Proteins (CHOP); |eached protein A
‘nucl eic acid; &)washiagtthe éatignechangeganedal witlhs semidwedsh baffef att deg red’
anti body, another pol ypeptide;, endotoxin; viral contam nant; cell culture.
“medi a conponen?-0teod:aBdr anyci n; GENTAMYCI NO) et c. The phrase.
~"cation exchan led, @k el sal | , 1S _negativel
gﬁ fe;@fengc %thﬂo%&%(ﬁn ttﬁ)%&ng)ﬁ ek%@g eatérﬂﬁ‘hmﬁé Fi eggﬁ;gg)&g%r

charged and ha 2e~cations for exchange wth=catlons i
. sol ution passedithwgH Bomo3.0th 6O 4 ssndsediviey fhasomsTha 16 hongs/cmy be

provi ded by attaching one or nore charged ligands to the solid phase, e.g

by coval ent | iAdcofiling Blahethagireieedey embodimens deidischmsyretrbletes ed gethoayorbe an
i nherent prqperty.of the solid phase (e, g i.s the case for _silica,

whi ch- haPUsfieg e eptbodybat bipds biman, ussculen Fdoiclial Srowit fartpr@ECIDA

ST bl PSR G300 Bl G

FLOAMTM  SRupRiondiRisoffAGTl Sl McTiA comRiheBERMARGSE, ChifkscFIERREENMOETM

LA 5, L s ket R oo

on agar om.mgﬁ%%&fﬁg&bem from GE Heal thcare), .and SUPER 5TM ’

(Tosoh 35 Biosci énces) . preferred cation exchange material herein ,
conpri ses cro$®- liadingdthsocompesitiem comdd v neatipe rexehange f matgrialh merein dbe t i cl es
(solid phase) cg@

ated with WO 2009/,05881 2P U52008/ 081516 5
pol yhydr oxyl at®: “ﬁ%?@ﬁﬁ&%%‘%é‘g@éﬁ%ﬁgﬁ f opropyl groups (for

exanpl e, POROR)afeshin@lthd Eaid e£ibaRby miatsial with a first wash buffer at a pH from

~a-

robl-ast grow,h f or, such as. aFGF and bFGF; epidermal growth factor ;
EGF) ;. 'tra—nsfor?ﬁoﬁéig&%%‘w%fg&c%q 35 (TGF) such as TGF-al pha and TGF- bet a,

!

4
[



By "solid phase"” is nmeant a non-aqueous matrix to which one or nore
charged |igands can adhere. The solid phase may be a purification colum
(including, without Iimtation, expanded bed and packed bed columms), a

di sconti nuous phase of discrete 10 particles, a nenbrane, or filter etc.
Exanpl es of materials for formng the solid phase include polysacchari des
(such as agarose and cellul ose) and other nmechanically stable matrices
such as silica - O.o contrql led pore glass), poly(styrene-divinyl benzene),
polyacﬁylanidef&ggggg°@B83$i¢tles_and derivatives of any of the above.

The term "I oad"(chesshing theffios ckehahBEmBRMROHI b 98oh® JLE bR U %'3?1 fgh! on
exchange 15 material. Preferably, the cation exchange material “i's

equi li brated mﬁ@ﬁméﬁnédhmﬁﬁﬁkéﬂ on buffer prior to |loading the composition

which is to be £ . . er" is a solutjon that resjsts
changes in pH é%”ﬁ%dggget sntibod ﬁﬁ?‘s&géé%qnb%ggmg%ﬂﬁa{?&ﬁl WIREHLIRER Ruffeyar i ous
~ buffers which oath e dopl abhoetls Oepebslit (60 akdi caeasaiS. frdh abdf 1085LEEE PH of
the bypfer arelﬁﬁggibgjdfin B_uff%rs. A Quide for the Preparation and 20
Use of Buffers BB oG EAPYSHS Ve antbely isdyvacizumabd. Cal bi ochem
Cor por ati on ”@’ng)d’sc 'An_?"""égui libration buffer” -i's-a.buffer- that is
used to equilibrate {asarealyq BRI HEP RS FUPPISRG Buxigab ingithferne .
conposi t i compAsipg hbdud 35inve HERAD ady pRfoflaBb@rEgt and one or nore |
contam nants onto the.cation exchange material. Preferably the pH of the
equi | i brati on Buddifiom dhedisclosurg pravides apepapdsitom aqurisig, Beviicizamabiin 6. 0,

pref er abl y 8RO nARi B bl 5 the.copductiyity of the equilibration
buf f e he%“ejl n |é’”ﬁﬁlsﬁﬁe@gﬂgew&%&ﬁOf%"%%ﬁm 8nS/cm preferably

from L%out 4 to about 8nS/cm and nost preferably fromabout 5 to about

- 8nB/cm Optionally, the equiglipp _@g ngigg ﬁég@_ri ses a salt, such as
NaCl, for exanple, in an and - , “0 about 80mM preferably
about 60mMM Nadfigurg@Thend éBmrdvidsthe bofif@ndid isﬁ]uﬂﬁﬁﬂoh@ié%ieﬂ?rt&afnefsﬁfg o the
buffer t I\S ssed. Qv atjon. exchange material follow ng | oadi ng
of a conphlgé'i pi %nﬁalégi]g Chgin Z$E{zgﬁe1§ﬁ't5r)c# Bl 3gtibedy: nEash afithe fremewotthe wash
buf fer nmeyges YER1-9) GRIEN® 6N ieOCDROFRidH BRI NFNES - ation
excha,gfe Jmaterial, wthout subgt antial eluti onrggpktﬁgﬁgggi%rlgég it iBody

pr od ACESIANY ¥e thmkmpanegammed hemtio dhaie ninsahit 4dgeerica\natinonn hepei N a

the. oxpr on: o BonsuiP ety RENAREINERE TN M) Karal G BRE or Al pH

} ncr eas edfarielblagighta\ﬁlr)retglgmgi}sﬁﬁ gEQ-ﬂb&C%,@gg%gg%%ﬁcqug{ﬂﬁcm@% {hg@]j%g g;]rgr . The
irst wa Us20 1516 5 may be use erein to

elute on@?%&g%m&gﬁ%ﬁﬁgﬁ@t%NEa@i BRRXE E 8D et @).iGPR I t hout

subst ant i(BEQUDeN4 ), ChR he (9pdIbady gp,_l’aQHl@lﬁRﬂﬁ &3%35 Rt 1®heref rom The term

"first" should not be interpreted as excludin e use of one or nore

addi tPonal wadhuss %t prstk 28 pfovidesh eminsesvid segudnoach fanehéavg chiin $SEQABH
buffer. f - 4:h fi st sh.buffer herein is in_the range
from aboﬁoeé?gq{?%%%o%taﬂgﬁ(} E)]rgg}bér%zlofgﬁﬂﬁu% L?P“Q‘?‘%- t bhe gndygheachg. o,

and nost vprigfercgioinyis pidicated with].. 0 Tas vaiAbabRIYy KD reBof iEh MUY D Nae13,
conduct i ;JIIS%EIY af, .the fi rs)t wash bhuffer herein s in the range from about

0.01 to. gnghigight (Yoargoays yo SESIARbut 40Eacht of thbdree I cim cawhd nost

pr ef er abkyridpi0 0 I th i sh
buffer is subs%%??ﬁﬁ%lﬁege 121? gg&useé{@d%%%%g &%@% Fﬁe&@ﬁ‘rﬁ?@%@
expr 88si §A Nos 2o hBRAES SEQ P Y. 161 COMEISEQIB. aF), UDRLagpkd IBNDN

refers t r.dise r irst wash buffer to prepare the

cation eg%%glr?}eﬂ@nﬁ%ﬁéﬁgfloérj’ @%u('?lij)%ﬁﬁcésg&r@%%?%ody of interest. The term

"second" shouFigurd pleidesh aideriStdt asmpaby of Rt Eél?pﬂd&@nsgffe?@()ﬁ bg} t&gmr e
uffer and s

addi tional . vvashl@gr ot her buffers between the first wash econd
wash buf FEIOT eprhangs eigppatogpBproressipd thaiamercdaitixipal pecedseoaiparedso i n t he
range fr@eog t f . bout..5 5, and nost
preferably pgmgi%r&%% %1 ef gf#g Iy, ot {ergega%%l% \fe@i“?@ B "ThBOSESond wash

buf f& herein is in the range fromabout 0.01 to about 5 nS/cm preferably
about 0.1 to about 3 nS/cm and nost preferably fromabout 0.5 to about
3.0n5/cm "Elution buffer"” is used to elute the anti body of interest from
the solid phase. Herein, the elution buffer has a substantially increased
conductivity relative to that of the 25 second wash buffer, such that the
desired anti body product is eluted fromthe cation exchange materi al .
Preferably, the conductivity of the é&lution buffer is substantially
greater than that of the |oad and of each of the preceding buffers, nanely
of the equilibration buffer, first wash buffer, and second wash buffer. By
"substantially greater™




conductivity is neant, for exanple, that the buffer has a conductivity
which is at least 2, 30 3, 4, 5 or 6 conductivity units (nS/cm greater
than that of the conposition or buffer to which it is being conmpared. In
one enbodyg pH of the elution buffer is subst i sanme as
t hat of ?ﬁg%gﬂc?{?isﬁs?%r ation and/or second wash buffer. g{&g‘(@rzgoé,ioéﬁ&e pH of
the elution buffer hereinis in the range fromabout 5.0 to about 6.0,
preferably about 5.5, Retdiledda¢scriptvhef tis] RrefoiedEmbodmefiter abl y, t he

conducti vi of the elution buffer 35 herein is in the range from about
lonﬁlcmtyig%%%loonﬁlcm preferably from about 12nS/cmto about 30ntS/cm
and nost pref eHediny nlimerita bettes 1o? drfovdBOpeRQUTHBL ClE il FaRSLgRRdYCt T Vi ty
may be achi eved by the addition of a salt, such as sodium chloride; WO
2009/ 0588@%@%@%%895%@°W@%wm e, potassiumchloride to the

bout 300mM NeCL. - SFEParab) & P B e e U BT S or
exampl@ abwuer Mats wivithia@inter Thth@ntpodiGOmMaNdEl partially purdicd? €gehemal b

buffer” rra%.bg sed tore en&rg&)e th catign exchange material such that
it can be® éqclfgg%‘.mﬁ%ém?lﬁ WHRFEHOR SRS OF PaY braltemed difrgtly fow 4 BesEes/Sr pH as

10 requi r egatiom RBRNMeSIESAABbARd Y B! cofPBLAGA MR Sordftle LR calY i pdy of
interest flora the cation exchange materi al . The term "conductivity"
refers tocultyee ) i ty of an aqueous solution to conduct an electric
current betwe t K1 ution, the current flows by ion
transport. Thgge{ls\ggeh,%ke\?\'ﬁ t ﬁggﬁéqtﬁlg r é%fgl%sn%mgrrafgﬂ At pg?tlc{e fad d’lrgfglélﬁtha?'/‘ﬁg t he
aqueols smbret than abduh eensahin iaoids.1 Prafetablyheiéepodypbptithe acanedmekinprbisin, The
basic unit of measure fqr conductivity is the Sienmen (or mho), mnho

(sl cr), SREPESRT B 1%&@&4%&3%i %@f"ﬂﬂ{mmweﬁ elpdingbpgan ewéhbesopar i ous
model s Of arfd biineC BRUME hbihdnk; BRIvEA %&ﬁ@%@k@%%&&bﬁ Eﬂa&t o %‘i‘l&l{{ Ly I's
the capacity of ions |nasoi_ut|onto carry eléctric current, e
conduct i vihyipidstinglaging Grotreeneptigorvetcias;talphad -byitypemgnsulin tArehaim et Bat i on of

ions thergin. the concentration of. a.20 bufferi agent
and/ or th‘g:{aglé nE@hsﬁlg[?irT%ﬁﬁgF 3%%@@“ gk}oémog%dicéﬁ]lt?fﬁﬁ"o rhi‘tﬁlé‘fzu%g:l%ﬁﬁ‘g%eé etate,

or pafassgiucagen| cbitilg) fabtorst Bechs @b Ukdton VTHY, bected 10e) ighuk Nfagloflelndt QoRChI eve
t he desi rﬁd]%eéon ugati vity. Preferably, the salt concentration of the

vari ous bUffEFQds Lcapairit-deftipg fagier sy asnrotrisCr emiabwatiuretic {actoy;. lupy

"puri fyi ngrfa@fnt2BtHRAHNoJeh OFlifatGOTRAS bi Wttki i}ﬁhll'a IHLE i J.pody. and one
25 or m)rergo_nt am'line}nt soglces meant i ncrg%ﬁé&?g@; egrge 0 %&HS%/%? t he
ant i body plesmineges caposént (td4A)bpombesii thepnftdwnisnedpeleyic arowthr faciak;| tymoat | east

one cont am.pnant ~f he co sition. A "purification. step” may he part of
an over aﬁfpc%glrs [ ?aic%gtmlp%% aﬁlgiogg;egas F‘g‘sea]im[hinﬁs&’ W%ﬁﬁo%@ﬁﬁgﬁ@ AaEl5EFRY%I ti on.

" Honge n emuimilly B-obls exhrigedcind debrefedf; umba® ntbcRPHRRShiliRR a6 R Mbiem Mapat | east
about 70% by wei ght of the antibody of interest, based on 30 total weight

of the conpBidi idoAcTupy ditwpn| Spcht as dyman asssue gbomisy Merlmen-iphibiting

pr ef er abl . - apout: 9 <131 1. ably at | east
about 95(%)6 E%%?%?%%@R%Emng 4 i rl?(lj\}ai ﬁgﬂtpaorrgrlo\é’l%gb%ég % gg ngla(gtg%md%ss%?%tﬁ‘gnge
mat er i al feptidre aantmieropies i pigtenh esuctolas chdtelaramiabe DRbscpnigBx @hapig@xiatrer i al

under appropriate condifions ( d/ or. con ivity) such that the
nol ecul e Y@&P&ftgr?ﬁ%ﬁlgecf O F > (Fugh a5n%‘4éd¥’]|}’/l W F5HERC Maysyer
mat er3oal daylothélial biRwd facR (CEGRY; @6@pibtsaBshRaloness @@tﬁﬁ@r_@tel ndof

char ged %oup or charged groups of the cation exchange materi al .
; theumatoid 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-; platelet-derived growth factor (PDGF); fibroblast growth factor
such as aFGF and bFGF; epidermal growth factor (EGF); transforming growth factor
35 (TGF) such as TGF-alpha and TGF-beta, including TGF-B1, TGF-B2, TGF-B3, TGF-p4,
or TGF-B5; sulin-like growth factor-I and -1 (IGF-I and IGF-II); des(1-3)-IGF-I (brain
IGF-1}, insulin-like growth factor binding proteins (IGFBPs);, CD proteins such as CD3,

_6-



WO 2009/ 058812PCT/ US2008/ 081516 5By "washi ng" the cati on exchange materi al
i's meant passing an appropriate buffer through or over the cation exchange
mat eri al . By "eluting" a nolecule (e.g. antibody or contam nant)

fioma caki nge material is meant to renove th herefrom
In pref eradrvggﬁhgﬁbg%gziarrents of the invention, the anti bo%ﬁﬁ}gg@gk%awfi ed

herein is a 10 reconbi nant anti body. A "reconbi nant anti body" is one which
has beken PP4dGE8d GIN daaridos D208 trythwdriogttinh astetiedrtive fmsfrgrimmsimotoxinsansf ect ed

with nucleic acid encoding.t 1iti ho or produces the antibody,as a
resul t ofs ngn%?%g%%e%et%"e%%%ﬁf @A?gn‘m b (- R }ngq{fem&]ﬁﬁphat r'%f’?asfa\éét”i on"
are used paues;Coaloge altimuldtire! i LE@SFRE @E0CASSSIOf GMIEKPJWRE NG-(RIS! i C
acid into,a cell. Follow ng transformation or transfection, the nucleic 15

aci d may infrlsunt Elshieg 1 Hel Hodi-10a spregeidndismytaseral-celk repeptass; awrface
extrachro en K " nacl cellsln.l itro cell
culture aggévgllqlﬁé S‘ljtgﬁ%’e{i?cagﬁm?ﬁ?%@ghga?fdr’ar‘{#%nwféggtsﬁ%hdgé’ff(())% Q?(!(lar(!E:}I()JI\r’éiit)}anant
produtd i oporaén pdl Ve ptiD8e snawl@ed esmspde hrotrinkiS hBamirgn trechiptorsh , ddesGif,
expressly_incorporated. herein r ence,.  f X le. A "varjant" or
"ami no aci-g" gtgapu%rﬂg’ Svﬁ??g&'ﬁ?'s“%asagé?%r %%@Wﬁ%ﬁﬁo o2} L4MpyLA-4

pol ypept i g4@ VOAM;CORidr $8SocaReddHiien dgdndasSHENENAERY | & fipeNteckfioMablat of
the starting pol ypeptide. Generally, a variant will possess at |east 80%
sequence frepsnist 4pd/qs vefients bf goyaef the abevelisteds pejyrentidesi ajevall asyantibvodies,

ref er abl . | eas: 9 n . deptity, t,.preferably at | east
88% seque%glga?geﬁlk?gﬁv@agﬁgﬁﬁ’eﬁﬁa ngvg) 6}5‘%/3? Sgtg?iagg‘?e'lﬁg?{gm gégseq nce
i dent1iy prsfeded polypepeide if ar ingacaapitedy by ah hetifddy higekntahat, bilRlsa6 huMah | -
Acad. Sci @3 USA 89: 1382- 153886 (1983%{&' Versi on o,g t he al gorithm descri bed
by Need! efanlder expmpleytituggrpabpopan injast yiibody ar qnragibydy fiaement et bindsie ¢ he
sequenceshyfnnRagilA enddkeAPE LR T ABPBI EGY), fhk MRpiabidcisgdmence variants of

a pol ypeptide nmay be prepared by introducing appropriate nucleotide
changes i nt o DNAcanimigRmg is hmasopl/betys idifésrend froby thp dptited entlymly lpesiust.  Such

vari ants +4qcl . for. l e,, del.etiqns. fro nd/or.insertiagns 30 into
and/ or su %t Ftu rlmgﬁ% 8’??5%?%5‘(” uoélg lv]ﬁ“ttar%loﬁ' thﬁ%tngﬂfﬁgt%}sd SY ﬁ%?f@@neé? t he
pol ypXpt | demaér Owire Pesttins AOROPYNRAchad ipestcialf A:.dalcRiid 8id; 4 REemt,i eaf)d
substitution is made to arrive at the final construct, provided that the

final corf&EFEHt P aeesof the drasd, arfihorxy another ipelperiide;Tprdoswinioviged | d

changes alosRnii®¥takii akr [ I ©S51 ypepti de,
such as by changit’%g ?ﬁlgﬁﬁﬁgﬁ%ﬁgrﬁ%rﬁ&g%gﬁggﬁ o?&% ?jgfggy a‘{@(ﬁ};@%ﬁ'es. Q her
post - t r ans! at i Bwaphr@§ “waietinf $xcharigo meatériedT cedfers My drsoliq pbdst dlmt 6 ngpatvéine and

| ysi ne, ph ryd atd on of dr | gr of. seryl, thre,onyl or tyrosyl

rgs: duesl,och%%?%% %]ﬁs(#ﬁ’ eg?mfnﬁggraqx%%%&ﬁ%gﬁ%md? 4 YEERE, SOL‘;{‘%@? H%/Sﬁ@‘o‘é"r?ﬂy Y

hi st izdi neorshrdeghcthaikdlil {hhsdz. THelcRingbqRf be BEi®id b attRhindGink bﬁmabeI:hMyg@Cul ar
n

WD 2009/ 058812PCUUS2008/ 081516 5 Properti es, H. Freeman & Co., Sa
Franci scdi82pp. to7de gelid poarsy .2 REEcRBI flgwkinge ndktamptinglya or o 2dditien.sthguence

variants I: | oy t

expr essl yéﬂitlrr% g g{ra%(p;) r%%%el%%ﬁ%l?gfoﬁ Q,gi Sf; %1? ggédrlﬁ%a}sj%%’?tag 5} aﬂﬁ%‘gaes? %or%ﬁfka,%lﬁgh term
"anti bodylssias oeed! inpgdtive dbargakle Stongeeswlip rutaibgbéc citionadchange viasisrials

pol yol ondPliantrbett BethblcShec HAKMERINBod ISt Lo, GUIPRGTSLci (7

ant i badi g&inobfided BRLEROEY . b m@pmﬁ PAgT %ﬁow%sﬁﬁhg%kds%eﬁ AL

bi ndi ng specificity. The an ereinis direct agai nst” an
"ant i gen"Fl&IWi LB es SP-SEPEfAR QBE \HIGHh ®ERFORMANCE ™, Homl GBI Balithyark)por t ant

7 Sens BT R e Sk R A S bRy dirA CrBaRERE i naends | "
manmal . HERMRYEOPREPIM %@Zlmrﬁl@giﬁgplﬁﬁ?i nﬁﬁmm&eeoloﬁpggéﬂo&e L i gens

(such as tunor-associa ycol'i p antigens; see US Patent 5,091, 178)
are al so eGPt BAST WAEO® ' h &roentGlg eHedlthearep odndp SHIFERe , SP™  (fogolbe a
tran .ane nmolecyle (e.ag recepto or |i such as.a growth factor.
Exonpiar s AR EPGBhe. fin BTGt FOGE” Bt rieal deth, dudiian Jros 1pkef or  ed
nol ecul afpolygtgeisdiviiibenicnbo i@ (2HGATRRABISRE Qyolﬂh%weﬁsgdﬁedi nyignt4 on

i nclude 20 CD pol ypepti des such as CD3, CD4, CD8, 19, CD20 and CD34;
menbers of the HER receptor famly such as the EG-F receptor (HERl), HERZ,
BER3 or HER4 receptor; cell adhesion nolecul es such as LFA-1, Macl,

p150, 95, VLA-4, ICAM 1, VCAM and av/b3 integrin including either a or b
subunits thereof (e.g. anti-CDlla, anti-CD 18 or anti CDl | b anti bodies);
grow h factors such as VEG-, 1gE; blood group antigens; flk2/flt3 25
receptor; obesity (OB) receptor; nip! receptor; CTLA-4; polypeptide C etc.
Sol ubl e antigens or fragments thereof, optionally conjugated to other




anti bodi es including trastuzumab (HERCEPTINO) (Carter et aL, Proc. Natl.
Acad. ScL 35 USA, 89:4285-4289 (1992), U S. Patent No. 5, 725,856) and
pertuzumab (OWNI TARGTmM (WO01/00245); CD20 anti bodies (see below); IL-8
ant i bodi (. et al., Chest, 103:932 (1993), and ] nternational

Bl +oat 1 RQGRmGH &) 23865); VEGF or VEGE WD rUsaoRsfe

2009/ 058812PCT/ 1152008/ 081516 5 receptor anti bodi es i ncl udi ng humani zed
and/ or5 af polmhjtdyomfmtadrlmﬂymﬂi%amhalmd iveth SUfopropsl drings TEFRRAAAE, PHIEHS

anti bodye%:@é bevaci zumab (AVASTI NO) and rani bi zumab (L NTI SO (Kim
et al @qﬁgﬁﬁ?%‘aph?rs%nb4 (1992), International Publication No. WO

?\%32?28308;“ 11 a ant | bo%%‘geais1 I n&F %B@Dﬁ?tn%l zuna%?%’% VA%E‘I e ©°

Pat ent Noligahds Gar6 adaeveodhe\wh@ammﬁﬁay bStae;pmﬁc&tonartqluﬂﬁn ainsiptiap] Witﬁlidt 4:3-7

(1991), ur mant .e Iant i 0 58 377-.380 (1994));. anti bodies
Uhat bl na Rt SRRt b and PEED SekeDMERR) Crb sconimists abase o dinrori

151: 26@3- gzﬁaaes( 2903 bram) @r tﬁmeieéteatﬂx@ﬁ@ies Bmlalt&ﬁlsl fp f&@nné@e%éflégﬂ-%%

Pat ent No, 714,338, jssued Febr uary 3, or US Patent No 1, 313,

i ssued Fe’é‘P]lHQ‘F 9012@00'139@28 (smeh 93/a9m'msesaq@u@ﬂlhum@dama¢tb¢r mechigd]y &Bblor

I nternati de t 8/ 134 |Ie June 98, US

Pat ent Noi%tg1 ?@%9%4335 é1%%'1 §nt&%ﬁé§e% %% Jg%s{) %%tyr B é’ﬁ %Bzen?)ssued
Apri |l 22, pdg@ilarade, asraimic pﬁﬂé’s’ RAREAyatigadd mﬁeﬂthéldbyveﬁl 1997); Apo-2
receptor anti bﬂﬁ% an“?@&tﬁf 98/ 51793 publ | shed Novenber 19, 1998);
Ti'ssue Fact or LRI D (e SAmPETEcH ON%Fd qtoyhg cotn @chageant ed
Novenizer QatedQ9Prefefibhy; % d:zﬁ'ﬂ)ﬁgz&bﬁh shed
Febr uary 1%6 1998r§e Reantl bodi eg@é‘hia{%ﬁg! I%Se r| ze%f%?géﬁréﬁ?lgegui

ant i body, ué%f?wtﬁ%dlngmﬂx@ﬁljla@Wlhwhmogv@/pnﬂﬁ&co publ | shed Decenber 19,
1996); CD3 antjih S US Pat ent 4.5 3 i ssued May 7,
1985): CD25 orATglgkegn 5 o‘g}l@"s“ tglftc yo! té Cpae g PR Syt dﬁof“’ PAX( 1)
(See US Ranpghte NOmpEneﬁ&B Vifdub befiasd whiheah 6E e 10;&93913@ | fand:d: @@l es such
as the cM 741 i(lgotly 25 (Choy et at Arthrltls Rheum 39 1) 52-56
(1996)): 0B deied Bt dee agedegeRiDpA-Auler 1. UEKriBefar dhe Plerussiomand et at
Nat ur® 332c328uB34 id 33 )ohz e ergfé 2

ant i body dﬁeﬁc?ﬁéﬁd 5 ai ﬁ%t Fg)gsgen{sagﬁl n IZQ}? %%ﬁdg{?&g@ﬁ&}@éﬁ&n@?%

155( 10) : 4996- BOORqYi®95In blﬁaartlsradmﬁhrgbamsmsm|egmmb(afﬁﬁ¢ cativini chdlgings such

as hI\/N—l ncer R 5(23Su 5945s (1995

ant i bodi es t%ﬁe&i%}((tf @ﬂga al %g?m%? g‘&f‘flﬁ%a?a%mk‘é% ‘grsptﬁ’i?ﬁ&?d’fif?ﬁe HD??} E-3

hu- Mt 3 anste GiohfanfindnGe oh@nithee batiin @adhﬁ@ge RgriabS (Z3)crabBB %S pRB 86 nd 1995)
and Ri chman, t at Sﬁncer Res. 55(23 Supp): 5916s-5920s 199§ ant i bodi es
that bi nchwél TEPB Buler hereip Aninc e rangs e akouts Abto( abopt @ﬁ @pfeaablﬂhouﬂ

| munal . ; 3(.5 et at J.

I m*ru%l Si%gﬂ)%ef&QZ (%ggg%&fgtw&%gﬁant ﬁ‘gn Bﬁfgg l356%;{ 13 {n #%@?ﬁ]ur cic
et at 35 a@alndetp aRevd BHE(@B, ISﬂ&rpdb)y Bﬁﬁabexﬁgjraabm%ﬁyc)m a-md 163G RGabOY

CDP771, tib 7- 1D/ 111 ti bodi h
s abcl xHb - ¢/ Pl EREepraonkl, e G se St GPhei wg
( SYNAG S8jich £&WaC1)\or 2208185 B8IRAhnUEIR0HABIGIT B B0k RRNIESre as

PROTOVI RC. HI V anti bodi es such as PR0542; hepatitis antibodies suh(}’h as the
Hep B antPPB&)mdENAA RS, CA 125 antibody OvaRex: i di otyp| c GD3 epi t ope

anti Bgdy BEC2i nal cell
car cfggorran ant ngﬁé ?&% as C&%%ng%@%ml}%db %ﬁ iff’aisﬂ O‘éefrl%ebody
( 3622V 4 patiantxichingoramtail doliesting dadimarof ardoirposiyion AaBpriorad telutiod HEihe
mel anoman gntl E}PS% R2 10§%{r ted a al nst GD3 gangl 1 oside; anti-human
squanous PEF © o IQ%C © JOTGRIGES P1ae OF TR EPRIAIRinAYts Siay body
such as @madation Bxch@ng@nd Eﬁlﬂ *thd
ant i body suélhoas TRL%%OIaGt (Tr ubi ou;%r%lﬂﬂr?? %ﬁ%%%%%&hgﬁ&%
Nor di sk) Aceprdinggy thelprefemed aakidinentoh the drentiah keatih at“Hrg ey fBband a

oge (Morphosys/ GPC); LynphoRad 131 (HGS); Lym1 15
ant gdy %@g %%%ﬁ%%e\)%g (USC) or anti-Lym 1l Oncolym (USC/ Peregrine),

LW 226 ( Enhandesdinl ifeesmpicsyipn B‘AFEE vah ibaEey fefrdto a \WasR3(BSORSIng BpHF
receptor.anti bod ‘(,see e. WO 02/ 24909); BR3 antibody; Blys antl body
such as B’éfqa?ﬁﬁiﬁﬁ% 'I‘)&'Fhe lope grd/pragquij hmtiopspRoisdirstreas hyffer

gom lixim (Idec 152 Bi ogen Idec); IL-6 receptor antibody such as
atlizumab (ACTEIVRATm Chugai / Roche) ; -8-L- 15 anti body such as 20 HuMax-11-15
(Genmab/ Anrgen) ; chenoki ne receptor antibody, such as a CCR2 anti body (e.qg.
M_N1202; M I lieneunm); anti-conplenent antibody, such as C5 antibody (e.g.
ecul i zumab, 5GL.1; Alexion); oral formulation of human i munogl obulin (e
g. 1gPG Protein Therapeuti cs) I L- 12 antl body such as ABT- 874



WO 2009/ 058812PCT/ US2008/ 081516 5 but is not expressed on stem cells.
O her nanmes for CD20 in the literature include "Bl ynphocyte-restricted
antigen" and "Bp35". The CD20 antigen is described in Clark et at, Proc.

Nat | . Acagg rfplesssi/SA) 82: 1766 (1985), for exanple. pop shdfefy anti body
antagoni st” herein is an antibody that, upon binding to /&s)gog on % cells,

destroys or depletes B cells in a subject and/or interferes with one or
nmore B 1ag bt bsefliarsin toredyte engyor, mbyg contdugianty fom fhe evtanmt dxohpnge mateniak|

Li ci.t ed. by, th T i i ferably i
abi o to. aspriaizadlnhiS e st MRt RR TR Relerlime o

subj ect t sipatdegbt b ahitemirdtdl asSedhdihgPihe tus®Bf BBY obBoRCAIAIAE Wish offilepus
mechani sns such anti body-dependent cell-nedi ated cytotoxicity (ADCC)

and/ or cobyfEhbsvedepe fererandce S wrash byffgrcdtryferablihthe it} ofthe firs veash |

lif i : i j -CE| h ; i is).
e Used o R in ot RS Bl ol S dnciPTh by r¥bABROEDRS) 2o
i n ani@Gni stwiut 0, dnd nmeost prefeeatdy pH abdiit 610 ahrplibabont ARt Plefalably, teatomdndtivitas

conpared to,the | evel before.treatnment. B cell depletion_can b rtial or
co g& ete. O%h% ELTSF Wﬁ%&élifgr hgrein r’r%'é?stg? I&’Bg‘éﬁ%iaﬁﬂﬁ\?&q Itg ﬁ%&kﬁmﬁéﬁ m%q&@y such as
t hose desfibhh®euti 01 Redfoum8lom, Bh® @thsBpreicfably AdR aBBut(LO A dbouP tmEemPat ent

No. 5,736,137 (Anderson et at) y of exanple, a mamrmal (e.g a nornmal

: . By wa :
primate) \Hayonsty,ithefsovashibuffeyis sukstpntidibshieped aghlt (sheh saNeEdtgredy.
i rmunoadhesi n, -1 Dl - ' det er m. ned,
g, by o FACSTARRSNHPARES i HERE bR OE e R e
i ncl utte: 4 @a8Bhiffenhicdhufllies thedisstowdsh daiter fotpuepiarsdht c&ton(exBhahigXANhl {oWS
Patent No. 5,736,137); the yttriu 90] - | ,abel | ed, 2 nmuri ne anti body
desi gnat efuiiopy %g'theo?l?ﬁbf)b‘ ioifdm?ﬁeéb %eu Ao ‘iltn)ot 0§ ﬁﬁf@%ﬁﬁ‘?l%
avai | abl eqxch gl thREGscFRITUnEBE fitkd S@fitfonal Wesh drdthePBhEAL bMReerthdIRet kAGh 288
deposited wi th ATCC under accession no. HB11388 on June 22, 1993); nurine

| g&a " B huffer andeeoond wesh buflssi Prafwahip tie pipof Gaatdopd vabte buféa baieirhisi811 t o

generate the "1311-B1" "i odi 11 0 tositunopab". antibod I?SEXXARTM
conmmer ci atﬁ: ?/m %%OPa%Oén g'llég%a%%'%tir}goa p( %l%%%yﬁ%) %%,St'%émﬂ”gfoéﬂm%@g?%g%g& 721);
mur i N nmoPreftkbiig theasvntiiaighity 'of B’ seChiidewsshetiufidt hddbiadsl iibfhe 2 mdeom 2kt ( 1987)
and vari anéis t hereof including "franmework patched” or humani zed 1F5 (WD
2003/ 0026%%! t 3Ry mE/cm, preterably abeyit. His- euismS/cy apd mostpreigrgYdFI rer i ¢
2H7 anti bagdw: d V% BakeNdmdem 5, 677, 180); humani zed 2H7 (WO 2004/ 056312,
Lowran et at, 35 and as set forth below); 2F2 (HuMax-CD20), a fully human,
hi gh- af fi ni ty ‘dhtiondehfiet"aisgeted do aiutt e @DRO0dNOf adertst fram theesotid phassenbr ane
rk: exa

%]; ug- ([:]e'S L%%ré@egph%glgyr%}q %rol%(ja’gs gisgl%‘%t%{s%gy 1%5%18(!%% QR}I( ?ela%ﬂrg t(\)/ ﬁlrﬁllt gfe thr\aN nkel,
2009/ 1% 8 &k2dd Tiwh 2Tt O8ikh iBat the desired antibody product is eluted from the cation
exchange material. Preferably, the conductivity of the elution buffer is substantially
greater than that of the load and of each of the preceding buffers, namely of the
equilibration buffer, first wash buffer, and second wash buffer. By “substantially greater”
conductivity 18 meant, for example, that the buffer has a2 conductivity which is at least 2,
30 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
35  herein is in the range from about 10mS/cm to about 100mS/cm, preferably from about
12ZmS/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,
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5Cragg et at, Blood 101: 1045-1052 (2003); WO 20041035607,
US2004/0167319); the human nonocl onal anti bodies set forth in WO

2004/ 035607 and US200410167319 (Teeling et al.); the antibodi es having
conpl ex -l i nked sugar chains bound to the i scri bed
in US 2035{1/ 3093%#351129(%' tara et al.); nonoclonal anti bggr@gﬂaoﬁgblgﬁ

anti gen-bi nding fragnents binding to CD20 (WD 2005/ 000901, Tedder et al.)
such &as 1®dHB2©G?3&te HRZGsitm ¢HBRBIcA5, tha pltivBRO ] ; Pr@@blybmwchlu@nnhnlfﬁamul es

Vo 200 ISR AR Ll BLits g Niiares SRy Tt B! P i 1 e
Mol ecul aI'ZMIIIdODerr e‘klkﬁ)ﬁe #6201 73niNag] sodbesulcesneNed]. as t hose descri bed

in US 2005/ 0025764 (Watkins et al.); A20 antibody or variants thereof such
as chineric or higassTaien bAﬁer AREY Bodsed(te Apgrnen © catpry gshungeingdeyay or

1MMJ- 106 L nﬁ}én%gg%k:ﬁm [

i ncl udi nggugglﬂt%%gg %ﬁ ‘?g%gs Leu-1 %)ég%bé% dgl%% B{/&gg%j%gatsed wth
| L- 2, Itas teguid® @%ﬁb@@ﬁ%ﬁﬁmﬂllyaaihcmmﬁlﬁﬁ iGDae a@ﬁhlsdy @ltintetes) frofai thpeci fic
ant i body that binds CD22 and CD20, for exanple, hLL2xhA20 (W2005/14618,
Chang et G408 exhanee Al anti bodi es L27, G28-2, 93-1B3, B-C 1 or NU-B2

avai | abl e fromhthA@m2@ohdifcatiet deRpddo th@Hﬂﬁﬁ%rydf%n-Eki@éoﬁQ soMfidesiaQiendié@bent i ne
et al, In: Leukocyte Typing ifi (MM chael, Ed., p. 440, Oxford University

Press (198599)¢ curicpl betpgens frep etectmdeel bosphgion] ghe c(umggs@c)ws Tphion t@tmm

t at
o L o SR OR) o SERL bh SRSl TR, B e souion
ant i bisdy Wilha9d 5 h(g'ﬁmdmmm)tmt} h é‘h@bﬁsﬁcenume@f ke drtdobdidtiesy i’s&lieeSleaaﬁ e
chineric, ni 25 n CD20 ant.i bodi es,. nore preferably
rituxi maor ﬁl&"ﬁ%ﬁﬁﬁa‘%a fé?—‘zﬁn?’ﬁﬁl%‘% ghﬁﬂ?&H“"Wéneé‘gt tusle)atjva(r@@ﬁnab)
and humanhé&as HL0righ c&Mt{lst\h%%e@ﬁt l étﬁ@é/d@étfﬂt@tﬁ%@tdﬁ% i@k hhRithFposes

herein, the ternms "rituxi mab, C2B8"" herein refer to a
r econbi naAes ok setios t@mrryb@glgmwﬁ |cu1tnelm th@lsond@;ctt\h@ digrralutioDREy dntltged 30 as

descri be Pat ent No 137 Ande son et aI Such anti bg
preferabﬁjﬁf Eha#%n g%% AN {A’(Ialfzga\l/t1 c alor]tlscﬂ(% TR s O PRI Gty QNB fd?

H2 (SBQ |tfiseng Gdent ﬁanriﬂesccﬁJS&@ah&bba salt)(e.g oas@dluan é]:ﬂ@ttte maammacewrom n the
i ght chain preferabl% es CDR Li SE ,..CDR L2 (SEQ I D No.
9), and ESESEYIM gresiq 1RIoth° 1S®fut103r@ﬁ3érb§bt1§ﬂr hi ﬁ@awo @ﬁtapw denfiesiteds a

variabl e Qgayviy/ tbprtf@ﬁb%%tﬁeom bﬁic_@ﬂra%ﬁx@ 3 als v ﬁ&dlsammﬁt@% e |ight

(VL) region conprisin and nost preferably conprises a heavy
chai n comnghicyé thg dSEEd kndetivify. (wi t h or without a Ctermnal IyS| ne

resi due), and ¢hai n erein the li.ght chain prefer conpri ses
SE0 1D No. 2. Bvedsts GasaieTraedauamstin koir o B SEd e sty

i ncl ude \@rhedt coh@idiBanBUB st deseisingetle idagd®or Eﬁﬁl@eofeﬂhe &htidodyRAaken

Bi omed. AnalL 16: 593 603 (1997). The term "human VEGF" as_ used herein

refers t GORWEsitgs by rmeviagi(eohrlsely YaBELY %rest AR Peptareiapnt Fetevibe
f act dy 1 i al
col | Cgr o epSERE A 1ptrfedid yafiNfhad 0 DA T ATbAAITEHRAKiGAAIGLAE | O

(1989), anstlthguolka Gbmagencodd’ Lcoﬁpdmuon n Hémd@0éoug’l 8dspd hagat thacfend & the
naturally occurring alleli rocessed. forns of. those grow h factors.
The preseRPPPHUYH (ﬁlﬂfh" fea 81‘%[7%/3 cightof drntbe ‘%ﬁ‘ttg V\@"ég‘i%i ch are
capalpe abtai Whighi dfitRQcaidsiion) nfﬁf:@ra%iy dth&sPARL oL BY wafehi, Yidrd BRf@dblyECH,
for exanple, its mitogenic or angiogenic activity. Antagonists of VEG- act

by interfa tqaﬁgbwtt9ﬁ%bw%htb¢‘f¢a imge prefeppidyatlepspabost 3346 by weigbept or, by
i ncapaci tating, oy N or by
interfering w hb\llligﬁsdc,g't,tlgrgloge% tth\g%]i a c%?lclﬁ %%ﬁﬁg%l&%q%%gte?y@égg:%l ndi ng

to a cel Imdlewule eceafpt @ationAlekclangh npoériil sundér iap;irepsnmtcbﬁmudms R or

ant agoni st _shall .be consi dered, equi val ent_, for oses of thls |nvent|on

For the ﬁﬂ?‘%’&gw) ‘ﬂat gﬁ‘femf’@f’ ”Sb"é’vgt‘}i’;’ H’Hﬁ mﬂ\ﬁ&S‘ﬁ R, the »qapgfh) - 12,
35  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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20 and "rhuMAb VEGF" herein refer to a reconbi nant humani zed nonocl onal
anti body whi ch bi nds human vascul ar endot helial growh factor (VEGF)
antigen (rhuMAb VEGF) as described in US Patent No. 7,169,901, Presta et
al . Such J referably conprises a heavy chain rising CDR Hl
(SEQ I D 8 ff@?*’?ﬁ’%%pz H2 (SEQ ID No. 16), CDR H3 (SEQ R T2 RssTe,

| i ght chain, wherein the light chain preferably 25 conprises CDR Li (SEQ

| D No.518), CDRyL#ahSQ thdrahon cihpngamateCidRs tadart PERInkn Meprogfdie bt
preferably the heavy chain c%rrpri ses.a variabl e heavy (VH) region

conpri si né“ I BYFiShe cphom friphangsapsteitle | i ght (VL) region conprising SEQ

I D No. 14; andgpr@fifdo2hl %okl (k. sesnibolfaY ¥orthain %p{' b No. 11
(with or vvithpuf a C—g?ernional I(ygi ne roggi du% , a%&‘a |g%%ﬁgh§|&ﬁ%dgv%nerei n
t he | i ght mekaiahis preatitde zamoye thormpelegdsth8®fi8®Q | D No. 12. The terns expressly
i nclude variant forns that-formdurin roducti.on. of the reconbj nant

ant i body prodlr]%tp.r 8"%%1 r%o%m%%%ﬂﬁﬂg%\%mg%i o gocg’stotp§é6‘“ﬁ8‘$g?rﬁmr1§1aers to
an antd boeycombinaitredbddyo A rfeepbinatt MEbedy”SyBsE didhalab beAOFRERREGNS

anti bodi e t he individual antibodies conprising the popul ation are

! I. LR . o . N
i dent i cal 3%%@&@1@# hap Segmp franskermet 9m fanstesied r witly neeleiat scth sn@®inghte nay be
present | BudHodpr oAMRRIces MONBEIAAZ! 1 aMY 1BAR & AbfoBhal! YeSRBELNLE, Delng
directed against a single antigenic site. Furthernore; In contrast to
convent i ofEEngigrolatiod "oavdl "frassfedtiond yrcpused dntetchongsabbh i reférytpitha btogeds gl ude
di fferent in%nt icl%odi eﬁ.di r(gct;(ed g\? ﬁ009/ 058812PC PUSZOOEEJ 081516 5 agai nst
di f f er ent THOPATI WS RS2PER B 5eh Follawie tRasiornalion of ansieday. fs nueleiEct ed
agai ns3 aa&d Rgdyeintptes WM hof dellegABhk I8N may N&i0di i SliraciBRBsIAal "
indicates the character of the antjbody as being obtained froma
subst ant i @Fm§ntn bk Jesieest]s rbisies atoeBin ot vigatdel sulters as awell a5 2 aetitwithin be
construed [T j - antd by an articul
ot hod. | FarT ShEAl AL Grop USSP brol B e SR Y R P ance
with 10 tPeep™Nes 084,61y extiressly inaypdratedracteinthy réfoeenty foricdanple et hod fir st
descri bed byDK&h,l er_ﬂ]g,t at,, Natur.e 256: 495 (,19"75%, or may be made_ by
r econbi nant et b st (deEe @‘flg.s?q‘ﬁn%‘? VBT O No Stering Il gsptide fsnag
furt hay pli@Nthat coBRREE @R AmiAd biiBOdh8s ' apt i body
phage Iigj?d;?%s_ generat'ed using the tggﬂﬁia%ggﬁa%gﬁo?gggﬁ ?ﬁtﬁl\?rb%?%%grty et
at, Nat ureolysngdes Spnagly, p yadoy wilbpewsksahlcest 88%, seizmnor Wen@5reR2abs28 15

1991) a S e i .0l ; s @97 (1991 scri,be the
i(sol a% i ORQ%Wr ?eﬁéenglﬁé“ %ﬁﬁgﬁ{oégp ?etg%'%tf%s% tz ler%‘gtig p%ts ?C&gﬁ? l)dﬂgﬁ’igaﬂsﬁﬁ(és
l'i brari esprefstibbeqtideist 98%l samkh@n sdedsCwithetht Neatie OslilgiehOde. Ofcrétingide
af fini tyn%nM ran e%i human ant | g_odi es gey chain shuffling (Marks et at,
Ri o/ TechnSABGY® 19FBUty 78 detarninqdy dex sxample, i the Biéche¢fiads RatcoMad) 4reé ek i on and

in viyo reeoxpingd-i e 93833{ %&J&%ﬁcﬁﬁmé grgoﬁﬂjﬂa'%ﬁé&ﬁﬁéd‘%é %Q%%%{éﬂ{ %E@IZOJ phage

l'i braries (Waterhouse et a Acids. Res., 21:2 993)). Thus,

these tecHal diiels 4814345 A1 %0M! after rrdighing sthe Gequeadtist toapratiderdooolaginaim

ant i body i do echni.ques for isolation of nonpcl on ant i bodj es.

Al ternative "9‘&& %mﬂo%%gg@feﬁfee VPBA ooéﬁ?iep‘)ﬁ}fpgﬁ% ef1% %ipﬁ%a‘ée%( hff'g. ,

m ce) t hantradwingapahiptiatc tpORotideTtinga! ine DNX efodiidCthd $oBpbptlde, beBertoire
of human antibodies in the absence of endogenous 25 inmmunogl obulin
product | &?P“%?W@@Sa‘ﬁp Puch TarieRsneadn foreeembledeletens fiae pgoiens
del etdoon o chlder Atk ARG d2SBRGENAI IQ1uiftad PG Bhcl dhe BERFk GRI mer i c
and germline nutant mce results in conplete | A DIt on giogenous
ant i body ptetsdt chiosombinatins bEdeletion, rsehionpandgebaititionds mataiogltiobatl ther gene

array in such rmlin tant.mce will result ip the production of human
ant i bodi efinaﬁ%&%gﬁcﬁtqr%véﬁedgﬁ%ﬁ?%ﬁ% .°°’§§Iél,t@sﬁe.sﬁe_s 3'3315%515%1 aragigrigics o dhe pr o
Nat | . Acashin®edid chibpes 85 2ap 2B hrinshakRD QYddeSit ofahe p@@%é?ﬁﬁe, such

362: 255- 258 (1993); Bruggermann et at, Year in |nmuno., 7: (1993); and
Duchosal 8tbyaghangipg the mmEpep 98 pesigop pf slivsesyiation sitem aPthen ppidtingetidnet ei n

specizki c i s chi [PYot] i i I.: bulins)..n whjch a
ort ron redeRanieude Byt bl 6% bIT IR Sl ol ogous
t o corr expowdiofigerdeturenylas tymsydntsides ireghyaidnwddhd ¢-amim graldsiof Wsale, Speci es
or belonging to g Eiticu ar antiﬁl[b dy, cl.ass or subglass, while the
r enai nde%r % K8 éﬁsgi] fhesyds ghamge 'ﬁcﬁr‘“%t?‘h PeHS BBt BEsadoMeberles pondi ng
sequences in antibodies derived from
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WO 2009/ 058812PCTAI S2008/ 081516 5 anot her species or bel onging to anot her
anti body class or subclass, as well as fragnents of such anti bodies, so

|l ong as they exhibit the desired biological activity (U S. Patent No.
4,816, 567 ison et at, Proc. Natl. Acad. Set , 1- 6855
(1984)).‘W0%&gm gitern1"hypervariable regi on" when uggﬁwﬁéwgﬁgwp%fers to
the am no acid residues of an anti body which are responsible for

ant i geh- bPngertigs, Whid. Fyqeman aki Gbl Sah OFmadicon ppoMP8HE S@I8BDNT Ndetdbdsd faresi dues

froma "co%})l %erent arity, determ ni.%g rggi on" _gr " CDR" _‘(;I .e. residues 24-34
(L1), 50-58°["8% 24ike %‘}é‘iéeﬂ“ﬂ%)"aﬂ ¥ REPPLYRIRides Aty Aosgebsdan| &S BeiamtiNo-and
31- 35 (H1}535018exirtRly id@ipStard Berelnlhdbtckdhcd, 16 REQAYNK chain variabl e

dommi n; Kabat et al., “Sequences of Pol ypeptides of " | munol ogi cal Interest,
5th Ed. PublicThed¢roh "seibeflyeis Nsad omahe [bmeadest usesse ehd Headifidally Betvhms da,

MD. (1991 r, L residues om 13 a "hypervarj.abl e | oop" (i.e.

resi dues é%n@%ﬁﬁnwﬂg%g%ﬁ%{‘g#n n‘%hQ:[‘?"@% (T%BO%F’ alt Filgh (?ddﬁ‘ﬂ Bﬂlg lﬁl(“?/lari abl e
donmi 0 anghtb6did? rhakifijpecifid-anbibdditd) (e biffecitQ knlibddiics), intl RGtiRRID A isNn

vari abl e domai n;  Chothi.a and Lesk J. Ml . Biol. 196:901-917 (1987)).

" Fr amewor %0108 a3 they exhibit the desirgd andigspccifivabl e domai n resi dues ot her than
the hypervari afpe&nfibyoRr&if 3¢ dHESARRE &h Pa h’ngfjint&&’é.HlI!’%ﬁﬁlaﬁ?dﬁ]tef orms

of non-human (e.g., nurine) antibodies are chimeric antibodies tha

cont ai n nifigemlis & biplemedy deppyed pohypaptidenanid adernistmation adltiod adtibody koe t he

nost part hH nized tibodi es are hyman i nogl obul i ns (reci_pi ent

ant i body) ™ \%Eiq’% e %?ngj%s(H%e?%?rﬁra‘%ﬂ?fggr%rr%l lg%rtg‘&iaB‘?Ft’be(ef‘?fg ’ﬁélﬁﬁtpi ent
are repl anecdmay Hooghe esivoiREdaeyPesait haDpSy PO miRbn s IMIBN
speci es (donor antibody) such as _nouse, rat, rabbit 25 or nonhuman prinmate

havi ng t hssefaasd glycalipat patieens:ysee A5 Patpiyd. 0T 8 ajsaadsor sontamplajedreWherst ances,

Fv frane I; . i . he :E i I ohul i re replaced
by corr e\é\%g ﬁ%ﬁgﬁg 1ﬂgﬂélm%£?%@%ce§&¢urt %dé%lﬁ%hﬁg? rgﬂa‘il%(r)lgi es nmay
conpri se yek iglagpwihifpinrabeenmbaryfaotigohs iclddeahsse poypeprideadikdubedyabove.i N t he
donor antl'g bpgr\é Thes%rmdi flcatj.o are made to further refine. antibody
per f or mand&CIFR MOAFRIAR fareqts ot GpTRaMes capPaad ol PiEsEt iRvshtien islude

substznt i @lpylypéptidef sizh ab €BBL CORSCDANADY YRR div 1Y méalbkRRIF cdpERi NS, in
which all or substanti all al | of the h pervari abl e I oops correspond to
t hose of TSCWEﬂﬁ-fﬁH%ﬁthrﬁﬁﬁ%% B atopier AHERA), (HIZR2, STHRS: emiERS ragepibt; coll t he FR

regi ons . A I i T mani z
Lt body  dBedlbBicOlcf IR FATTWIA, B39 IGIH TGS s JEAN TR 46
i mrunog! obigliim incdwEsg pither egonh ubadits thygebl 8d.4. YantihGd 1 1f adi-0WTe ror3mti-

i ranmunog| in. .. . The choice of h _variabl e domains, both |ight
and heavy(?Bﬁc? wHibadisy: ﬁ?“ﬁ%&?%s £ ?‘FUWZ & é’iqqdb%ﬂ?lééml%n%(ﬂkﬁf fithpor t ant
t 0 rexfucaeaitdrgenésal t(OB)AReeh Nepit Rcdhist; SOrLA M polypeptide € etc. Sol

2000/ 0588, 2bCTT 1) SO b O8] 08 TETt Budl | oo s & i Polypeptide € etc. Soluble - o

t he var i #Btigeng diagments sharenfepirtioanlly berdyeates toothemeeleautrai ritbet ived @nt i r e

l'ibrary qf kn i - in_sequences. .The human sequence which
is clos eg .08%5? %%ﬁ@ﬁé %@lebﬁfl 1%lg'rsi‘%tr HEh ng%nclz e%l%eeIBOISE'ﬁ?SI’@gCﬁM?F%PtP%V\Dr k
(FR) for fragmehtsnefnibzed(cant the astytadeBuli® deinadl of &. rebépidNQhn bi5ke®296h¢ 1993) ;

Chothia et at, J. Mt Bi ?I ., .196:901 (1987)). 10Anot her nethod uses a
par ti cul dPIHRERIWARIIARYSIY &6t Pame g the Haksnembrans qorlpade em byl usegsran

e . _ ! | o &l
ant i adi e Aimehdaad. iueibals a4 BEHONRdGfork b gmfeg(\é%. gﬁ%?%rgg%hl&?g%:?fer

framewor k may be ‘used for several different ﬁ ies
et at, Pmeay. baells witich dhavesbeenUsiyst@oied 285recaraBifint tRheifues &t exqtress the | nmol,
151: 2623 tx(agl.?rgé)lgrnlél i.s. further inportant that antibodi es be humani zed

with retention o |% CIleiﬁ"'finity 15 for the antigen and ot her favorable

bi ol ogi cal pr Brafipleest anfibodiedto &¢@utifibd hgoialincl@Rke Pt dird\eht Udhifd s gl s ed
met hod, hunanj zed anti bodi es are prepared b\é a process of analysis of the
par ent al BERRISIIBLUdRY tostRTBRRD @B%&@RH&I@M AT & @dl, BrasdetlsAeash Sg.

t hr egsdi koNod s_mgd firih i ' .
Thr eesdl nent onal e maatabel | oA s AE) S TER AR IORTAR ™ .
fam | i ar (MOAIHYLE5)s KiDA0eahtibodich dsear belov)p MRt artibaicp (Sigicnser ar/e Ghesri | abl e

which ill t d dj splay.pr l.e .t hree-dij i | .conf orpational
struct urelgﬁo)?f7l s(g?ggg’t%rﬁf @Eﬁ&%&ﬁfﬂﬁ’%ﬁl}ﬁ}ﬂg@ %uﬁonw%gﬁamcgg%ﬁ AsYEGh on of

t hese displays permts analysis of the likely role of the residues in the
functioning of the candidate i nmunogl-Bbulin sequence, i.e., the analysis
of residues that influence the ability of the candi date i munogl obulin to
bind its antigen. In this way, FR residues can be 25 sel ected and conbi ned
fromthe recipient and inport sequences so that the desired anti body
characteristic, such as increased affinity for the target antigen(s), is



nmol ecul es; and nultispecific antibodies formed from anti body fragnents.
Various techni ques have been devel oped for the production of anti body
fragnents. Traditionally, these fragnments were derived via proteolytic
digestio fand anti bodies (see, e.g., 35 Mirinotqg et al, Journal of
Bi ochen CAP zg‘%g%%?%physi cal Nothods 24. 107-117 (1092) PAWPBMSAR0 ot at .
Sci ence, 229:81 (1985)). However, these fragnents can now be produced
directdy ioeentecanibbdianinchasty nehdnized Rad/oe xfiy enatibe Varti Batydité agent s

f?gr g?i L:%@%@ﬂ@?\ﬁ%ﬁgg%gg’%%éMI Szoeggéiggéa%}@ﬁiiﬁg%%}gr agﬂl ti bO%y phage
directly (a¢oNRTR®)f KYN &.4/C Q#i‘owﬁznﬁa&&@m?:@@Jﬁh)fégﬁé,%%#gn%ﬁ; mlg{tﬁg) 2

fragments (Carter et al, Bio/Technolo 10:163- n anot her
enbodi meniNo- P2 96380462 and WOr P33 si miplistied Qaoteir 18, ¥998mePS@CNAtilicdtiger onpt e

assenbly b | ecul.e. . cordi.n 0 r_.approach, F(ab)?2

f ragment saggﬁﬁ]@gﬁfgg’of\lét] g%)a Thodich I%Cl%egbz%{bomg@ P Nyl t ure.
Q her 10 ech22juls WOr9sid3e6 hrswehietd: an, Dianspilisandys:8r7a99®n} sdWiblmig: appar ent
to the ski) Izgdrh;)ractiti %_ner. In ot her enbodi nents, the antibody of
choi ce i s%a Zglasiatiqg; SR 3a-36P ALMdms antihorizy thatbmd\igk: gjludingemalizumab

" Si ngl e- chadiDATRE) PBrests P4 oAN DRGY,-E1 agenRbs. | d Vi of
ant i body, O\é/\%er_ei n) t@ﬂkslgssz %oﬁg’i hﬂs aren{))[f esent E?%E%ﬁ%%ﬁ’etaggl%)ég%[%?%\e( chai n.
15 Gener aPubjicatidaeNO\VWR0P3/ prigi ilife Pétent thre 15, 4 13pR ) iswsd Felpohry 3o podsier US nker

bet ween t a domaj whi S Fy t ormthe desired
structur epqg%nyﬁé)ng ﬁaggl%ilﬁa?%g&w Sg ﬁggﬁé{@ %"f/&@f—li\?&%@ge thid®3n The
Phar ntic ol @ghitenifatidui ospisation Wb POTIUEDS/ 19010 GllJuniRasenagr gsapde gy e eds.
Springer-Verl a York, . pp.. 269-315 g1994 The term "di abodi es” refers

New rk, . )
to small %m%%é;ycmgw&mesmw%b@n iﬁééﬁ&(biim%épﬁmll;i 198%, onvelsiic h
fragnent s i i pabl.e 1.0 (\VE onnected a light
chai n var\iwgglrgzhgg%é?pr#% ?% Wtﬂé@%ﬁ‘%@%@%’%@% %uynm( dl-es\yhf(.) By
usi ng a |98%kgP3 phldishedsNovamishdp.t1998); didsoalaair (THGNHBSIESEutdpeart MB:rlONRI NS

th i dorma, f d to.pait with th | t
Gomi ns aro 4B B RN SR erDar e TS Ser dbrern Mbag Y OSRGSAB O o
ar e duscriubishedOF®ria 119, 1098)f BGIRX aifoRies BB o4 finQ%Zed f{g h}é%lg%dléé?l? ?_Eg

Hol linger et al, Proc. Natl. Acad. Sci. USA 50:6444-64
expr essi c¥tibedyn sgiuximab FRAERX " ahan WIS €6/4081 0 pyhigahtd tDicemappl 9, dapboN

refers t | es My in.Za t. al ol i Eng.
(10 - 1087 GUBR LB S S REF (U8 PoicaCBRT S iston oy 388 G0t

t andem Fdlzegtibndics {uvl hs CHll-6¢1 YSIMULEG®Y nd N AP %@ (S8 UBNAGe NP ndi ng
regi ons. r. antibodies can be bispecific or 30 nonospecific.

"Ml ti spe‘;@%g?’r 2 dituet defcembernZy BN )inaPh gndpediest sush tasethe fodf-74k2 pnsibedy t wo

di T f esentCap) LARESnhMAER R BRILPASR) s A dosaitd O 4k LS e
antigens. Wiile such nol ecul es

1H (ILEX/Berlex) (Riechmann et al. Nature 332:323-337 (1988)); Fc receptor antibodies

such as the M22 antibody directed against FcyRI as in Graziano ef @l J. Fmmunol.

155(10):4996-5002 (1995); carcinoembryonic antigen (CEA) antibodies such as hMN-14

(Sharkey et al. Cancer Res. 55(238uppl): 5935s-5945s (1995)); antibodies directed

30 against breast epithelial cells including huBrE-3, hu-Mc 3 and CHL6 (Ceriani ef al.

Cancer Res. 55(23). 5852s-5856s (1995); and Richman et al. Cancer Res. 55(23 Supp):

59165-5920s (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 ef al. J.

Immunol. 155(2):925-937 (1995)); CD33 antibodies such as Hu M195 (Jurcic ef al.

35  Cancer Res 55(23 Suppl):5908s-5910s (1995)) and CMA-676 or CDP771; EpCAM

antibodies such as 17-1A (PANOREX®); Gpllb/Ifla antibodies such as abciximab or

¢7/E3 Fab (REOPRO®); RSV antibodies such as MEDI-493 (SYNAGIS®), CMV
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nounally will only bind two antigens (i.e. bispecific antibodies, BsAbs),
anti bodies with additional specificities such as trispecific antibodies
are enconpassed by this expression 35 when used herein. Exanples of BsAbs

i ncl ude t 1 one armdirected against a WO
2009/ 0588 ‘?92@?%22008/ 081516 5 tunor cell antigen and A STRSISY, m
directed against a cytotoxic trigger nolecule such as

ant i - F&y Rhrftibotlics Glok5s MTGﬁﬂl@,lWhﬁdleeb IsuhCad HR)542; hepatitis antibodies
anti-CD3/ani- | i.gnant B-c nti-CD3/apti-pl851E12,

anti - CD3/ 3t g@? }%Qag' "é?%‘f le(f?%ﬁ@, @% 125 c?&F‘é‘i’ o@ﬁa ex; idiotypic GD3
ant i - CD3/ afliope MOy ﬁECQn&\!'BS%f)édﬁ% ol ONEAXBG); %e(ﬁﬂﬁxﬁfn@? ﬁﬁl)nan renal cell

anti - CD3/ antl - mel anocyt e stinulating hornone anal og, anti -
receptor/ eﬁﬂf@m@r@mantlbﬂdy suchh@s amtG250;110V GEANVATI-hugrani 176081 anibpémEQZW%)

anti - CD3/ V8 anti-nepyral cell, ahe | ecul e ant.j -

anti-fol ag{% %I ndi ﬁ%lorﬁ‘r:tg SO f—lﬁ’;}% @3%?3[%‘% g B&% ng ’&lﬁ’i‘%h@gfgﬁ%ci at ed
anti gem (AMXIILharcD3 %hoﬁ&é@ﬁﬁﬂﬂu&ﬂhn%ﬁﬁmﬁddﬁlc\m cgidinbAdSF2PR Gufnhkal 1y to
a tunor antigen and one armwhich binds to a toxin such as

anti - sapol’i‘}ﬂﬁ?‘%{'i"?t"ﬂl‘m‘gﬂ1 L hntibeg sught 35- Sapb AP ) anhibe-ceiHllahOR geiodyn,

anti - CD386§Q;] Ho %@téf;a C g@ﬁl
anti-int erferon a(11- N-%]'?ﬁw [antl - %thonaT?HA&%p an b % nca
al kal oi d; (ZBBmgmehoafN@\@nNerdmh),gat&nBywﬁ mbodbaﬂmqihqsro@dlﬁjgsll W@InngMAb

it onycl rl PHUERRA S BPSaALgoEa P BRySF AT %&Pﬁ@smvﬁ@ﬁ%ﬁ#be used

as fityinalipbdc sagleBd Byrd um%wsas br 4dtOL A/ 13 dotykd Fﬁﬂ@ S$15):190€86
asm nogen

activator (tPA), anti-fibrin/anti-urokinase-t g ‘act i vat or
b

(uPA); 20(EBBanssd Lifesci 5iEH mrfibedyime. BENPBER BAERBIr¢ceptar intibedy écept or s
such as %‘é g}cggﬁ@ffbréb tBR éer?)BéPg %ﬁanﬁ #;P&;) .@%ﬂ 55%1%1‘?%9_9&?/{1)}&5‘3 AT FCyRI,

or FcyRBl use ous Sedses sut
ant i - CD3/ Bt IS ¢ a3CSD/MpkiexTrapen)sedrhiBma @ddci 15T; Bilgkn IdRcR pn,-erre@pﬁbr

conpl ex/ anti-influenza,. anti for tunpr detection in
vitro or ﬁnﬁ?'b'i’/#i/é Cglu%sh atlizumak K% Béﬁ‘i@g‘%%%ﬁl i capatihody 5patnas ant j -
25 plfp Hﬁﬁ@lﬂ@ﬂml—sr@%ﬁﬁbm@&%@m ASMAIBRE FBG tSHnU¥EIY Suchd3Rd ESKP St dy

di agnostic tools such as anti “rabbi t | gGanti -ferrifin, anti -horse radi sh
per oxi das(é-g( MREY TRt iMBliamawns, anthednamderaens sandibody, sch s UBs taatleely Fle.g.

anti - HRP/ g, nt,i I act 0S| dase.

trispecifi cﬁe]lmlf: (%:gll gé Alexd gpagnf? Fahit |unaﬂ4?mﬁ‘ﬁ0ggggl}? ?e'g' 1gPO;

ant i - CD3/BroteirCDbérapetutiesyDBZ- 12 nhtidodyi s€ch34aWBT-E28(@ATIALEERB) - TeBEISR@ED f i C

ant i bodi e epared as ful ngth anti bodi es or anti bod

f ragment s@"@/gsa 32&2&3%}”%% @3 (ﬂ)é‘tt}bei't?SsdH?lP‘g‘B%I 5eSY ndh\RemyBerdaerints Hle¥ﬁ9¥e t han
two val engyvec)/AM3asF ARd erfpkal o/ EAREP! Lok b,%% can be
pr epar edr(wl'uft et EL . Imm(ﬁngi:% 6053}318}51;;& Rl 1?101@&511@ o

ant i body' mﬂléirmfthh@EMICp“dQE@) HePRIH, MARKtI 9ansdaboayab NHUMME} pegmgttu@at ed to

Mot olohL BlertE g W o b e R epalin en ety

regions, ran@loanl RetboRg . @a@mnrabi/mgehheomtzaﬁﬁubaaies b@féﬂ &sam or
functlonal Fe re tnment™ refers to both therapeutic

{1 oat nemepwwgpwhmﬂ@m@p Aeveimaeies. desduiie spathosub Yo of
t t t t
\/\Llegﬁﬁfﬂe oil sorggr]t ilnﬁste(f@begeeg%vgr??gd Jﬁ%ﬁdysdlf‘%g{’%fef \fﬁﬂg a?n@M?;gé L%I on

t hat \/\DUI(W}iﬁéﬁ@fﬂltachj rmmhmceat(tfﬁnSomdnmhhema NGy apdriymedcas Tdescri bed
herei n hi s | ncl ude th ch oni C. d acute di.sorders . and eases and
t hose pat( le%eélfcs}:?)[r)mfeﬁb% Wﬁnéh"% dat 4p quptied, derriindn e ’E‘*’g‘ ih@taﬁf sor der
i n quest ia@fbody which binds to human CD?20, or a naked, intact antibody which binds fo human

VEGF.

35 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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The word "Il abel” when used herein refers to a detectable conpound or 15
conposition which is conjugated directly or indirectly to the anti body.
The | abel nay be itself be detectable (e.g., radioisotope |abels or
quoresce@?Z&@R§k§ or, in the case of an enzynatic I@Q@hEM&%%nﬁﬁtalyze
chem cal alteration of a substrate conpound or conposition rchis
detectable. The term "cytotoxic agent" as used herein refers to a

subst ahcebtthamnoi expirdssadsonosted Goelis. e Ottt atnbe folr WHEA0I innhofiteeairt Snchid/ "B causes

destructipn of cells. The.termijs, i,ntend o j.ncl.ude r.adj.oactjve i sotopes
(oo o o otpesiiresfivisd aryac” iod " ARPEDAGnEs) ¥ sribd B irk k.

radi oact i peycl Ho4.0Ra8 sf (LYA) nglb@j)%ﬁégainﬁﬂégents, and toxins such as
smal | -nol ecul e toxins or enzymatically active toxins of bacterial, fungal,

pl ant or ani net “ePPYiantibogy aptageitetn heramhisraastip®lyNbitespdnobinding toyCRG0 Qut t he

| nvention,, g cells, dl-gﬁ) 591%/ geg)tlét%srB Q&iseih% s‘%%&' a%ﬁf%r qﬁ%r?e%j N ol{‘rnimfr iBDg an
ant i body ?tom a corrp35| ion (e.g. an agqueous Sol'u |ons) conprising the
anti bttly edidiuoctnare gipberedocih@ot penéiging Bhemwosipepohicomlicitad Genermkdly one
resulting . fromthe reconbi nant 30 production of the antibody, but nay be
that resultq Wg‘]b?@yoﬁﬁ%fg’%‘a%?%@&?lydﬁ _aglﬁéo Q‘Fﬂl‘f%g&ﬁnﬁb(ff?-p_@ﬂ%“?edérc!%‘)\}/‘ﬁ’%%sc?% (or
ot her synfhaty ; MRaF)Sot RiatddNBeRNith DO K HBY:pRED Wl fHeCatnid oMy Datduye.
source of the antibody. Preferably the antibody binds human CD20 anti gen,
such as rmncehenivmb, seh FnAbsdyrdependeEGRlamediageh, cytieticigs BIGEN znddmb .
Reconbi napnt Prod i f _Anti.hodi 35EQr...rec i_nant oduct | of the
ant 1 body CEE S0 A REET R0 MERlT S F-I P elibE e o
r epl i tabl @dveioh of Bien déatk (hef vie hpstiteids)( anpl i fication of the DNA) or for
expression. DNA encaoding the antibody is readi l‘il i.sol ated and sequenced
u§

WO 2009/ 05881 2FCHFUSstsyB/ & ¢l 6emetigy gtesoioy @ sedughien hBotelldgrds it ang. | by

usi ng ol i gepscherihae : bi, ndi Cinki ly to
genes encodi ngét he %egae%ﬁgﬁ?%gﬁﬁfﬁﬁg&g#r%ﬁgntb%?%%?&% hfﬁig‘\%gct ors
are avai | ttfdre tre@imenty &8 tadl dapiatioo cenbspageal er edthpletenig keltieyclb ute nagaguraide

limted to, on r more, of the foll.ow ng: .a si sequence, ., grigin of
Fepl | cat 1 e Bk R hisea et guHOst Attt oSl 8 W dhbrer

and e r anees) pt USrpatedt Nonal7den3 s eanbnes LG e- By wag ofesahpibedmamndp Pat ent
5,534,615, specifically incorporated herein by reference). . Sui t abl e
host cel |€&F Gr et Pgnee) @sdyr Be STagtedt Féth Drasions dopagey e0é t e saibedl 9T ar e t he
pr okar yot: o) | ] L : ! .e P r for
this pur plggéﬁﬁﬁﬁkﬁﬁé&g@gg%{é?Lﬁgag%@%&%ﬁ%&a%yn@;%e@@%& 8’r 5’%%37%%%(2% ive

or gani snepethat thetxamopis &, celint er obact eri aceae such as Escherichia, e.g., E.

colt, Enterobacter, Erwnia, .Klebsiella,, Prqteus, Sal ella, e g.,
Sal nonel | a ty%ﬁ?%ref’ ﬁfrﬁb%hﬁhgﬁ?dé?s 18&5@‘:;‘ gégﬁ’aﬁ%éc MEESE ngem%‘ﬁl higgel | a,
as weld asrREACKANR PUCR PsteR: }&Um,'i?jﬂéﬁﬁﬁndle unelifRnsd 52]§8en31191'ne B.

licheniforms 41P disclosed in DD 266,710 published 12 ril 1989),
Ps eudonoriggbedyc fiesighated “3BRRGi ¢Toslhritumemalt Fiapetemy a8y Jpecatreereietly E. col t

cl oni ng [ i 4 I , h strains..such as
E coil E‘?’giﬁé’.b'lezféﬁ‘ I%b%‘%%l"f{c‘%"’g% %mengﬁﬁt&' %‘7’9@2103{3/: 5@\%9&]&93 27, 325)
are sui t ATEC vkthesecasiampd SEB T3S idnl Jusé LAt 1998); hairhe IpGlaamB 1" alid dallgd

In additign to prokaryotes, karyot i mcrobes such as fil amentous fingi
or yeast ﬁjf]’gt"é"ﬂffr'ﬂagbl@%’@ﬁ%ﬁf Hgglﬁ %ﬁlﬂ)r]elsg’i FRREShe i%lrI'BollntqrbéleWeeIﬁébdi ng
vect s (SameRASMGHRIF BSENKARAR) cARmERINIP ByvRRHKE ot ¥638L (sed, 81sb,Ne NDSt
comonl y used am)n%ial ower eukaryotic 25 host m croorgani sns. However, a

nunber ofPagmh¥e. §e¥rH); mpard menockemd! entivaiin SIE €Presnarah | Bload@(P)ifHe and

useful h i c s. Schizosacchar anyces po - Kl uyver o ts such
nee o g SO (e TR AR R AER ARG B e GRS O 7S GRE

16, 045) , 2€03/001d06T aminig, (SATETCAA dig@)t, HE-96460) inurinATINGT 26d 28R)erickeH7

dr osophi | ar,urgg&%TCC 36,906), K . thernotol erans, and K. marxianus;

yarrow a S0EpedUSF R Bp. 567 LA30: hurmpred2HIHSY Q 98049531 2. detvimerhet al.,

Tri chadergga 4 i iy E{M\‘R o] AS5a: vaani such as
Schwa(gni o%cef&gg%it%ggtoéﬁ’l szg%%l fi Ibtgl?re igﬁfsuﬁ?ungl n’s%ﬁ as, {y‘e)_é%ﬁ)?)ﬁy

Neur osportagetRéai e IAD20molFolly podk adil mmbaand oASpenllgi( Genrsabh Bstmaguiede, as A

nidul ans and Aeld ¥8linie and van de Winkel, Drug Discovery Today 8: 503-510 (2003) and
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Sui tabl e host cells for the expression of glycosylated antibody are
derived from35 nulticellular organisns. Exanples of invertebrate cells
include plant and insect cells. Numerous baculoviral strains and variants

and corr erm ssive insect host cells fromh
Spodopt e?‘g Tg'r ugi pefr)da (caterpillar), Aedes aegvpti (rr%? Eqs?%%}as‘%\gdes

2009/ 058812PCT/ US2008/ 081516 5 al bopi ctus (nosquito), Drosophila
mel anofjas Cergg(drtalli Bidoy)1012amokBHIBYR00BT Wh2004/0%%07] USDI04016d319% whar i et y

variant. o PR EOBPARM BAPPI G A B ShH WDBRRY S iﬁwoa%oa@mx

NPV, and prghnybfdigate amma@s Ha?ﬁﬁg @(ﬁnﬁl&@NVgdeé&dEL%Eédrbu Q?ﬁd the
present invention, particularly for transfection of Sp doptera rugzperda

cel I's. Pl thetFeegipn deicribedein S 200003621 (Shisarare abbtlmmoclosai)ababaﬂ,lesrﬁaﬂum a,
has been AiskpRRERE EaMAMRE: 1 IonACud 2030000y, Srisr CeF) S abe cels

i N cul® ur BBROi3s sia0-el HBIo-aY, Jit&lstoquE CD2OBIntAG nifleued uch ashaMMES Of
useful manmal |O?n host cell |] nes include, but are not limted to, nonkey

ki dney CVETIER|Of enfibodicst &g tMEy 3B\angbedtessas set pfprti imRVOL 8844/ 1034 (drermd
mb | |
enbr yoni cukbeteno2s a4 G@Ve(t%%§ Pl 11§11 %ﬁﬁzf&ﬁﬂﬂ\/ﬁ MAURGRTEA lj&géwag; st or

suspension cul ture, aham et : roL 36:59
ki dney cebinding Mecukﬂsu)?mthb@f) de@lqusleUBaZ@ﬁﬁ/éﬁzﬂﬁar(Wadﬂm & al )DHER ( CHO,

cel T (TRHOR ReTerieR e SR Bing o eh AT bGP gD col | <

(CV1 BTCGefsdetively); off MUSEDN 106 eaDs mm@wmmem&ﬁdnﬁecﬁc}éﬁ@ﬂmbﬁai
CRL-1587); human 20 cervical carcinoma cells (HELA, ATCC CCL 2); canine

ki dney ceftidodigipdscludingepiope-daplyted hgplg) HH4.ar ABSy epticglly §01(Jmedemth ATCC
CRL 1442)} Humep W28, He
02, HB 82)65? nm}}ssejmnjé%?%s%umr "%ﬁb@%&?&%%ﬁ&%iﬁ?&ﬁ%ﬁ ( P

(I\/at her ethaabipdshGPA? sndNCP20A6@ckxaBple, hBBXWAROGEVQABBAYS 18, NIRGnS e el] s FS4

cells; and h man hepa | ten, cel]s 25 are
preferreomf)%(%’ ﬁtaqdéegngﬁ 8%’ %Dg%%e?% ]ﬁgﬁ%eﬂ& Ry o@%l y used
to prllﬁUCﬁténth@loﬁd]t]Leﬂﬁéhyfbs TPphg FWedtshdp @m@m@@@ %zvv'n{ b sy 95

i nventi on. Host cells are transforned with the above-descri bed

expr essi c{ﬁ'{@fhc@’ﬁén}%gp v Sdorf gy nizersith Bepps p}%a)]cﬂﬂé HHaisthacat| a.uBledd i n
t t
or oot er - Lok i b BRI MRlalih°F BRI ALME ConcRley BMVET L\ g

pronot ers,” sel € genes
t he desi r(@ME/&;mnmﬁslty dhHope)s intc€D26 MAbdheh-@yr(EpnﬂyﬂeQ 4ritieCBDY by of this

i ti | t i et |1 | abl
o & suchRGOPaRbioek o fhesphfiet YN dPosst et ar ABArOR R TRERYC. oF 8 gre)
RPM - 564 Ghifo2in00B20 adfibbdidd] BREEC PreterdI] ditl SichabatiBart e sk ¥ ”lI(Z( ?ylEMazx Si gma)

are suitable for culturing the host cells. In addition, 35 a

nedi a deseP?Bdyman Q%Qm@tl edy, (Geameb), Bnd huBgnizesl AADTOMMERY- h@@amboay Anal
Bi ochem é&%mg]@(gn%@a U S. Pat. Nos. 4,767,704; 4,657,866; 4,927, 762;

4,560, 65 469 WD 90/ 03430; WD 87/00195; or U. S. Patent Re.

30, 985 may be Hiseabe parpoW® BOHEH/ %B&MPCM@EQWBI‘QBIIMN® 't ighd wCeBgedi a for
the host cells. Any of these nmedi.a may be suppl enented as necessary with

hor mones hsFd? Beiferdf’ ﬁé?cogfb&%ﬁ‘hdf%’f‘% pafttiody, W%lﬁqﬁéﬁ therhuman{fazQantigen or
epi dejpmal .5 HewnRd FiR TP PhienSROL 3,76845N ASd2QM! 41 Che QK] ﬂ.l bo&ﬂh&kéﬂ%ﬂ Yeh as

magnesi um and phosphate), buffers (such as HEPES), eot’l
adenosi neompasasinireai ¢hain coamprisbig IR ﬁl((§EQrﬂ)aNo @;@Eﬂd{mgsmw&)l, NO) ,

trace el CHRER ((S%a Hﬁg ﬁsandnaoﬂgf%%hgm COhRaH nhe light chain preferably comprises
CDR L1 (S8EQ 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

35 No. 3 and a variable light (VL) region comprising SEQ ID No. 4; and most preferably
comprises a heavy chain comprising SEQ 1D No. 1 (with or without a C-terminal lysine

residuc), and a light chain, wherein the light chain preferably comprises SEQ ID No. 2.
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10 usually present at final concentrations in the mcronolar range), and
gl ucose or an equival ent energy source. Any other necessary suppl enents
may al so be included at appropriate concentrations that would be known to
t hose ski e art. The culture conditions, suc ure,
and the I#E%?Ogg]rgsgwhose previously used with the host hpé%?qstz@gﬁgé?ed for
expression, and will be apparent to the ordinarily skilled artisan. 15
When u8i ngd hq: 52006 1[5 a1 7233 1 mcﬂaﬁiemaqmﬁfomtsm&am ddoaibed eraMobgoNcd UL EdPharm

intracell IarI sm c space, or directly secreted into the
medi um &’%ﬁ?ﬂ@ﬁ? q%S(L(%g uced intracellularly, as a first step, the
particul at e defiel @ym ehiRel VEGH" £elded Rbcih YSBH ©ME S166SnBno bEF YR from

honogeni zation), is renoved, for exanple, by centrifugation or
ul trafil t Fasewlanendaphslial eelb gmwthb%dw jandseotatesk @201~ A8%Y, Whé 206dium acid

super nat a X St y._ be ntr C ing a
COMET Ci al(};%siu%{/%yf&gﬁg C%Hcg? ev?th%%%?\rge Ht regfﬂebnﬁ bgfalr%g etc‘f :SE ‘]%dl?’%gl

Ani coh0 or (nm) iapd HvuBle | let abnMel t EdobAik.r S 8GN (1991} togdther wah iR nxENgNge

Chr omat ogr agﬁy I\/ﬁt hod of the |Invention 25In the preferred enbodi nent of
the i nven?§8HnePHEICHHPEEsSeR s o thoss goedt Betotse t he purification met hod
herein is arep&n‘g t Rt t

ant i body, expressedegﬁg! %yen%ﬁ(ebs*gﬁgzsahsgéﬁer a?@ggg%@bérnéggd}n%% %ﬁc@ #6st cell
cul ture. @pedblonhithjhitinhencomposi afi the bim&g@éemmdsj(édtmﬂ? tfor atanipiass one

purificat] te r|or to_cation,excha The orrp05|t|on
cont ai ns ]tnﬁeg%ntlg ST ATEr tcg.stAﬁ 8°%§96ﬁc\|}%$ gﬁ%ﬁ’?ﬁﬁw% thesuch as
Chi nes® Heifidihg bf VEGFto RIcolhelmcdpiQh) incdokdiag opkﬂlﬁzﬁg deuﬁwhféﬂ%#‘é EeeﬁC' d; a
variant, fragnment % gregate or. derivative of the desired anti bod

e

anot her ptiysiehby YECT epriest wicriring with vascyhr spdathatiel celactivagion efiersV BB a
conponent AMEEE ddi ti onal
purifi cat?loﬁn%%%%! gglggéc tP‘SEM e per %?e?r%" Fg‘l?‘%]t%(gﬁf?%gams{ i ﬁ or

f ol | owi ngbetdoesidatd @m@k@h&n@erptobnsmfﬂnmgwamhm rret hod i ncl ude fractl onati on

on a hydrophobi c ,int eract on_chr onat o, PHENYL SEPHAROSETh
et hanoly prgm %IPIE g’telpélﬁ’osts EF Bt FitE ™ g’ﬁ‘é&ﬁ‘y@‘m 8&% SPN®e Fpfap)-12.” .
chr ongt ogidPhiuMAb SVEGER hereWOre2808/ 583 ER{ah! Hé%@ﬁ%d%&éo%xél antibod:

chr omat ogr aphgmgn HEPARI N SEPHAROSETm ani on exchange chronmat ogr aphy,
further cHlirh &blﬁaﬁg‘easeﬂﬁroﬁm@gmmmhrw@owm atigendsbolVeiy ¥ EGF)

chr onat of gc 1§D§I§A%t eél g 9?)31 fg?és?a Ry %ﬁy§“‘3ﬁlt3{n g%%awr o%qtﬁapatl te

chr omat ogr ap y, el’ectropho ySI S, rophtc duct i on
chr ormat ogroayphiyss zahmhvﬁfzham |cbxy1pn$mg)ﬁm120gﬂ ashg IDeNg 13)SCDE 1T BE) [D:No protein

t bstrate, 10| d t th
captur o riShoenRy 15 GeORERNaTak AT eithstinenBaem hoddbi G PRy on
excharsge dompiibdsC@dR an (setyemerym cablryL r@(yﬂsw h@f b P ng

per f or med se uentially 1) eU|I|brat|on the cdiion exc (nge mat eri al ;
(2) |oadily 2 enéxsﬁrwfwblmhe cpe/ plymnfqoe@mfm o vaneble dtckgn (Mg regige

mat eri al S t d wash ste | uti on
of the 153 &?,l}]%lg%ébgf%bl iﬁ?eir.gei deepirarfa% el hed G On&%nflg%§$aq&ﬁ%d§'h st eps
in the cami prefmmhamgmswmhemammoﬁ@heﬁg SEa@tID ®&sitl $\ﬁﬂl driwigtoupd cwhi ch is

conducted at, hi h pH out reater), the efficacy of
puri fi catifgHnal “??ere%lglb‘% ‘I‘Ildcgﬁgllltf%’r’i"'pﬁv S thﬁﬂlgbhﬁl%aﬁlbme@abhpé?mmﬁ% ng the

fi 1 St3WaIEE IS NoU $2.NThé s Rx Al e it b M% o o ut 6.8
to about 9. (eog from abou?ﬁgosﬁng 8 , dslﬁéﬁ Tk or gé{{g&r%ﬁgﬁ about
pH 7.8 orofﬁlﬁdmorrﬁma?it@lﬂbodmpmdmﬁants as descrl bed above are renoved rmre
eff|C|entIyth%n usi n ntlpna eof a

| t
about 5.5. As acrelul Omf g ant Oggl i B?egtoleﬁﬂnég%ﬁlfse nntipp glﬁf E‘)‘gl tion

conpri si mgnt mpo;a.ﬂﬁtiobmulﬁkamhe@ lfld]ﬂcﬁgeh&ﬁm%ﬁﬁbdaﬁbs% hﬁ@ﬁﬁv’i@hﬁﬁﬂtﬁbdﬂ@
typically | ess tg%n about 20Q which is bel ow the approximately 500

ppm | evel CHERMRE H?gPlﬁEjOIbﬁ'@ 1@%%%31596‘6??1 é@r resgible ppfugglly 5erFing mugations .
In the prgkarked MRAb: Shotde MGYR nge mmaterial
conpri ses cr oé’s- I?nke ]Flyr st?/r ene- ﬁ'yw ny elrl?é@gse%gfhll%&g ?%ﬁg 11|%J%rti cles
(solid pIdas@?d c&garwd amslngleaarp@emhysiteoxlym-ﬂte&dorpphy n@ntrfist Mot canahticratl Wi t h
sul fopro exa umm ayai ] able from

Appl i ed @{&@ {?B?rla ma‘hﬁgﬁﬁg 3&‘?’&{1?16‘% g‘gljﬁeétr agtibofiss dupciefler or
through the cati on exchange material prior to |loading the conposition
conprising the antibody of interest arfd one or nore contam nants onto the
material. In the preferred enbodi nent of the invention, the equilibration
buffer has a pH from about 5.0 to about 6.0, for exanple about pH 5.5. One
exenplary equilibration buffer conprises 19nlV1l MES, 60mM NaCl, pH 5.50.
Anot her



35 exenplary equilibration buffer conprises 23nmlvl MES, 60nM Nad, pH

5. 50. Fol | om ng equilibration, an aqueous sol ution conprising the
anti body of interest and one or nore contam nants is | oaded onto the
cation exglay erial. Optionally, WD 2009/058812PCT/ US2008/ 081516 5
the pH of thegfoggaﬁﬁi s in the range from about 4.0 to dB0YS25¢8154G,
exanpl e about pH 5.0 or about pH 5.5. In a preferred enbodi nent, a

condi t b oneghipt differdnt dotmihams(@itppdspreagimbhociaial MibSEER difcle@agagkt al N one

enbodi nment, @ {thEi n A&gol froma p 1tfpr .Protein A chromatography

puri fi cat PURT G5ISTBIEN, @ 105 A0E800 A he MOodHisr "BRneskemnik igdicsas e ichractsipfanot her
embodi menthe anRagi 45 B8RE ShiRERIARGSEL oy LS ! nj0 the
10 cation exclﬁlangg rr_aterlgal . Exenpl ary Iggﬁm(?lel gflﬁtn?o S %’?‘% @q@ﬁggr%ﬁge

_Fl om abo#atibpdics,cangdhis ot 10 e (onstrued ian requizrigep@diigtioh rafrtha kotitiody byt anyabout

609/ L resin.. rably.from about 15 to,aboyt 45 g/L resin. The

ant i body g%nftg?rﬁl%tgéf??r g%alﬁ?&e’tt% PHES Oé’?ﬂ%ﬁl%%l(‘ﬁ%@w@ém% deporfange withy o5y ¢

of thig | dediresgntstentionfiagibe maadivhhe Hybadsal heho@ XEAABEEHEPEEKLRLY 475

washed in a first vvashs(slé_zg with a 15 first wash buffer. During the wash
S

process, MG 384 BUMEY &F e tyatcresbiase My anethedsr(set e.gThe
conposi ti o1y AarchNKoWaIN6 BETS 84 i GirthtRnGRHY ‘E,h%o%lﬁcl‘bf?alea'n%c‘?di as Jan
contani nants as possible fromthe resin w thout el ut| ng a Subst&htr al
anmount of isplatgd afeth bardipody pbage libstics Porerptet afsinghthef ietistiquansdesdibed an i S

Poadea coMRGEEDy M8 Kt MskSEsSHdopiClStn %8 b iatranisesegher
Pr ef erabl 199 heataHMatkst fealf, i1 Stomasdy., rabfser_sbs (v hi%sdh'%@g&e fbpmaReut pH

6.8 to about 9.0, prefer abl_%) fromabout pH 6.8 to about 8.0, for exanple
about pH FURLGrangy dignap Hantibpdigsy aiepncsivaly, MEE e phagshilibtericaf fSebsdqnerthi s pH

range in : . im.t ed =S, S, sodium acetate

TRI S/ Hle:[Ld_lﬁ?i@ae’q[oﬁgtﬁlg%% e ﬁ%,"'&%%oﬁﬂ of @%@%ﬁ‘gﬁ (“%{:&iﬂﬁ@/ i SPORS PECL et c.
The pref ethaind shufflgte ibiksbut f @, Bh/Tammsivges1@T7EMSI($9)Rf as (W 25nM
HEPES, pH 7'b8 or . izrzg ilSnM S,thpH 7.0. . In this regard, the present
i nvent i on"OBFPORA IS THEUGRABL 1 W ih CEURRAtian 78 2 AtrpleSoien FeRsECtERVERTlRES CD20
ant i bredy , phape libRsied (WatkihgBds oridl, RBAMHEPRS, , PHhYss8 30 Gk I'so
provi des pa rgﬁcorrbi ngn,t humani zed VEGF anti bodg?iég?czﬁgg?gg vgﬁg}t"léigﬁr?gg in
25mLM MOBSchniquesy e ggbls  ebierpatisies | ion draditienals efanblomatpagiboth erybtidomgs, - as

30 intei i ¢ % | i .he.punification, of these.products.
The i nve%ﬁfgﬁfuﬁse?%ﬁﬁ&g%%ﬂeﬁgﬁoéﬁgg%aé%é A e%I SNsmaRyelyeif, i pey ,poﬁﬁlﬁ‘é Recond,
wash st epprodicngtransgabo nainaels Welpuf fride) The apH cafablel Q;fp%ﬁ cRRfumasin bk f er

er,

preferabl% Ci{% | ower. than that of the first wash buf for exanple from

about 2 tHoUdH8t a3ﬁﬁf—<rﬁﬁ"ﬁrﬁ°§rel magy, antihggics yigHfice absenee i eidogensusecond

wash Buf figinuByiobin ProtfiGioh BEE of &t P AU bRk éesg%ﬁeﬁ tﬁé @Q%o%%o%s 0.
about 5. 5. a

Preferably, the pH of the second wash buffer is es of
buf f er s wieleghn ofiftfeemtibodyt Idasy-phiin foigieg iregidridg) g@idtin @h@neriRtant ioBink-Gfe t 0,
MES, acetic acid/sodium acetate or NaOd, NaH2P03/ Na2HPO4, Bis. Tri s/ HC1.
MES, pH Shuantdmice, resuligonoesmeplels ggubipen o spoegrons a8itwds pmdettion dcnsfef f er f or

t he secong i@ nanl r %%{ : sh ffer conprises or
consistsrbgft: _lgnﬁ%En%?ﬁlfggM O@B&’ﬂ-é%%ggﬁgﬁg%n e%ﬁfﬁgﬁ%gﬁ%r%ﬁ?w he
\s/ﬁp ? nd \(/jvgfsiu.ltbmﬂﬂlfeeﬂrmchmhm ofSlssnaprancbodiéssitpen aﬁﬁg?samh?ll\&% lS]:Q,rEl\él.,Naﬁit}oym-lt 5. 58.
[ addi a S S Y. D e refera on a first an
econd watt- 278 et 587 1B BT ST e ek fivd. dbere o8 2R-PEbdy.
Cont ani N ); BiaBedsaid of WO SRS EssRE, AEPYR98Y: nl RNG Lf@.%&% cation
exchange material during the first and/or second wash step. Preferably,

the fi rst35§\38§$1(1§9%)p renoves nost of the contam nants.

The monoclonal antibodies herein specifically include “chimeric" antibodies

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or
35  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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Fol |l owi ng the wash step(s) noted above, the desired antibody is eluted
fromthe cation exchange material. Elution of the anti body nay be achieved
by increasing the 15 conductivity or ionic strength. Desirably, the

conduct i V\iv 350(9505&8256 elution buffer is greater than about 10nS/cm I ncreased
conductivity nay be achieved by including a relativel yH{UGR08/4§1516
concentration in the elution buffer. Exenplary salts for this purpose

i ncl ude, widiivespeclel BF bedbrigdiy tosRetheanabetRlIRs of QbCES, SHWAI kdgadNakly, and
pot assi um chl orjde (KCLl). In one_enbodiment, the elution buffer conprises
from aboufuc @thﬁ%ile&b%%ongeemymhmfdh? dyvieedehiolpgion] astiritecU.GePreaNoy wi | |

have appr@,)g'HMﬁLuyd & P e dgg%@ f . referred
el ution buffer éom%sesgﬁgﬁﬁg%rﬁié%nl%%%ﬁ%a ,%ﬁ@é&&%@t“ﬁer preferred
el ution buff er Theotepmi Sopervadahild MeBn”1@beMubBiChereinHeberS to Fhaiintid peief er abl y

i nvol ves st elution.(as osed to gradient .elution). . VWile
the eluti® ﬁg?se ‘rimsaqﬂgg}ﬁ% n‘%ﬁ% aﬁeoﬁeﬁﬁﬂﬂg'iiﬁebb:’ra?npﬁf&é%&%-i The bynsprariahlen | s
not 280 Nergnsaolpased antdhé GciGedifiis Froad Sr‘wﬂpl%ﬂié%ﬁ%&elﬂimﬁﬁf‘e%ioﬂ”%ﬁt i on.
Wi le addjtional steps are contenpl ated, preferably the cation exchange
puri fi cat I@PR nEtensWidier &4-44 dbhs 8156 (b) aml §9-0hé. DohItewlighy cbtiepmiriable

ilib Walc . . i [ i f H ab 5.5). | oadi
cau |1 B kil s 50461 ERII LSRR S Sy DL AP Sl gl 0,

conposition conprisin nt contanmnant (s
| oaded cokpws talorSeygenabyaftPolypoptades ablwhurbidEycal Titérss:, S0 BaaBkblis trRalth or

el uting cgnt.am.nant . J. ing. first wash ffer pH about 7.8 or first
vvaghl bgf fg?“ﬁ%%wﬁ 1575.%6-(5%?3 @‘8’%& I_ frdetidp- E@?&) aﬁ@%tﬁm%%@éﬁwsm Ibuf fer
pH about SBpervaihleloh? Ok, (Qidhes 96RPIL B Bbisgﬂﬁﬁ&{d%l-@ds‘ig%g%&'@gﬁig%f and

i ncreased conductivity relative to each 'of the earlier S uting
ant i body)¢hain variable dpmeinggndi Kol (he pab a(HAnawb@i dletHB do dredicagy timit he
cation exgh e t y thdl’iyr_' E’gys jected to

addi £1 onay e dpriaint CHR, B8 PRRY TR Rer I06SpF TPty drkiey st o

purifi cat'lfB rstidps dravimsbeerialile somametsiabavether Méh the hypervariable region
20091058812PCUUS2008/ 0831516 50ptional ly, the anti body 1's conjugated to one
or more HETYPaHbGEn 6%yl es as desired. The heterol ogous nol ecul e may,
for exanple, benpRRIAMY GHnsNGF eRRERLAE (5 f%hﬁ*ﬁe}f: o8ic®f ark NGiARLL body
(e.g. polyethylene glycol, _SPEG), or it r(rag be a )agllg}bo%g. gffrgaﬁu%ﬁltzléme,

f | uor es cettibodigsethatanuiptr mmamhloegencd ddrjved from sot-intmaa innmibglobiblen. Fer 9. a

toxin, c t herap i ¢ _drug, or radioactive isqtope etc). 10 erapeutic
f or nul at iqgénr&(? (Q)t n[% ?ﬁ g%%m%ﬁ%eanglh?cﬁ%soﬂfl, Bt FSW&?‘?@‘%%HT {Tgipisnt W@Pffygm

het er ol ogehtish revikias oty a WBycrb@iapleap@beof Y rEdipibmGrd RElaadH hyhed¥udidiphng t he
desired degree of purity with optional &Ear maceutically acceptable

carri er s, BREVHIablRrsrign 05 aep-hymwt epirerdong whbedyPhuha swusd, catl raligt ences
16t h xadi tg, ; : Ol deirad 1 or I ilize

f or mul at i_o(r)lt{sbn(t;'?ﬂ%ég1 83@3?%%‘?%?%nzslé.swik-’%g%&ng%%gta?%ng{yr ?M(g(% E!‘Jjeaﬁlt%b e s rier S,
15 exci pitestanses, &y Witk rzgios (BReresiduns@f ithe Humandginineglobul@ataré hpladasages

and concentrations enployed, and include buffers such as phosphate,
citrate, %Xr?a”%%’ﬂ% 0%, "ﬁ%a“ali?iﬂg G5 g‘ﬁ'fl"ief}}}?r&;]i‘i’r‘gaﬂi‘zr‘f |aa%i?°2‘gesagawpmpeseaci d and
met hi oni mesidues eSeshvit n¥efoul UE thdfcpihAsRMmOt ofmet el RRBZ¥tivBHITORjYM

chl ori de; hexamet honi um chl ori de; benzal | oi m um chl oride, benzethoni um
chl ori de M9ssaaens a5 g tor fupbeszefineAngberdsl perfargrice pareatysslsthe homarised0

met h or, VAR e) ; chol rci.nol ; ohexanol ; 3-pentanol ;
and %}bcr gg@fo;a? ‘TL%IW%WD ec u?‘%?ga%g%ﬁ N I ?}gslg%sﬂg)ﬁe’a%%ﬁbp fﬁﬁ)( 3&' Pﬁﬁ%ré%g’?e
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30  antigen binding or variable region thereof. Examples of antibody fragments include Fab,
Fab', F(ab"),, and Fv fragments; diabodies; lincar 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.,

35 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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Pre-equilibration 20nM MES, 500nmM NaCl, pH 5.50 None Equilibration 20mM
MES, 60nM NaCl, pH 5.50 19nM MES, 60nM NaCl, pH 5.50 Load Conditi oned
Protein A pool, pH 5.00, Load density ¢ 50g/L resin Conditioned Protein A

pool , pH density 50g/L resin Wash 1 20nmM pH 5. 50
25\ HEPE%,OQg??Im%%% Wash 2 None 19mM MES, 10mM NaCl, NEET’%E%{?QMI& i on 20nM
MES, 160mM NaCl, 19nmM MES, 160mM NaCl, WD 2009/058812PCM52008/ 081516 pH
5.50 pH 5#bh the antibody phage libraries discussed above. Alternatively, Fab'-SH fragments can

be directly recovered from E. coli and chemically coupled to form F(ab'), fragments
(Carter et al., Bio/Technology 10:163-167 (1992)). In another embodiment, the F(ab"); is
formed using the leucine zipper GCN4 to promote assembly of the F(ab'); molecule.

According to another approach, F(ab'); fragments can be isolated directly from
10 recombinant host cell culture. Other techniques for the production of antibody fragments
will be apparent to the skilled practitioner.
In other embodiments, the antibody of choice is a single chain Fv fragment (scFv).
See WO 93/16185. "Smgle-chain Fv" or "sFv" antibody fragments comprise the Vg and
V. domains of antibody, wherein these domains are present in a single polypeptide chain.
15 Generally, the Fv polypeptide further comprises a polypeptide linker between the Vi and
V1, domains which enables the sFv to form the desired structure for antigen binding. For a
review of sFv see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113,
Rosenburg and Moore eds. Springer-Verlag, New York, pp. 269-315 (1994).
The term "diabodies" refers to small antibody fragments with two antigen-binding
20 sites, which fragments comprise a heavy chain variable domain (V) connected to a light

chain variable domain (V1) in the same polypeptide chain (Vy - Vi). By using a linker

that is too short to allow pairing between the two domains on the same chain, the domains

are forced to pair with the complementary domains of another chain and create two

antigen-binding sites. Diabodies are described more fully in, for example, EP 404,097;
25 WO 93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993).

The expression “linear antibodies™ when used throughout this application refers to
the antibodies described in Zapata et al. Polypeptide Eng. 8(10):1057-1062 (1995).
Briefly, these antibodies comprise a pair of tandem Fd sepments (Vg-Cyl-Vy-Cyl)
which form a pair of antigen binding regions. Linear antibodies can be bispecific or

30  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

35  when used herein. Examples of BsAbs include those with one arm directed against a

21



Regeneration 20mM MES, 500nmM NaCl, pH 5.50 None Sanitization 0.5 N NaCH
0.5 N NaOH Storage 0.1 N NaCH 0.1 N NaOH 5 The desired pH, .
conductivity and nolarity ranges for the load and buffers in the rituxinab

process %&82&@%?& din the follow ng table. Table 2:§E&E%?@%§géﬁr%er

Conductivity an larity Ranges for Rituximab Proces
Conposition Target pH Preferred Buffer Mdlarity Range Preferred Buffer pH
Range Al | twablcell Goipeuieid thietogher arm directed against a cytotoxic trigger molecule such as

anti-FeyRVanti-CD15, anti-p185 /FcyRIIl (CD16), anti-CD3/anti-malignant B-cell
(1D10}, anti—CD3/anti-p185HER2, anti-CD3/anti-p97, anti-CD3/anti-renal cell carcinoma,
anti-CD3/anti-OVCAR-3, anti-CD3/L-D1  (anti-colon carcinoma), anti-CD3/anti-
melanocyte stimulating hormone analog, anti-EGF receptor/anti-CD3, anti-CD3/anti-
10 CAMAI, anti-CD3/anti-CD19, anti-CD3/MoV18, anti-ncural cell ahesion molecule
(NCAM)/anti-CD3, anti-folate binding protein (FBP)anti-CD3, anti-pan carcinoma
associated antigen (AMOC-31Yanti-CD3; BsAbs with one arm which binds specifically
to a tumor antigen and one arm which binds to a toxin such as anti-saporin/anti-Id-1, anti-
CD22/anti-saporin, anti-CD7/anti-saporin, anti-CD38/anti-saporin, anti-CEA/anti-ricin A
15  chain, anti-interferon-a(IFN-o)/anti-hybridoma idiotype, anti-CEA/anti-vinca alkaloid;
BsAbs for converiing enzyme activated prodrugs such as anti-CD30/anti-alkaline
phosphatase (which catalyzes conversion of mitomycin phosphate prodrug to mitomycin
alcohol); BsAbs which can be used as fibrinolytic agents such as anti-fibrin/anti-tissue
plasminogen activator (tPA), anti-fibrin/anti-urokinase-type plasminogen activator (uPA);
20 BsAbs for targeting immune complexes to cell surface receptors such as anti-low density
lipoprotein {(LDL)/anti-Fc receptor (e.g. FoyRI, or FoyRIM); BsAbs for use in therapy of
mfectious diseases such as anti-CD3/anti-herpes simplex virus (IISV), anti-T-cell
receptor:CD3 complex/anti-influenza, anti-FcyR/anti-HIV;, BsAbs for tumor detection in
vitro or in vivo such as anti-CEA/anti-EOTUBE, anti-CEA/anti-DPTA, anti-
25 plSSHERZ/anti-hapten; BsAbs as vaccine adjuvants; and BsAbs as diagnostic tools such as
anti-rabbit IgG/anti-ferritin, anti-horse radish peroxidase (HRP)/anti-hormone, anti-
somatostatin/anti-substance P, anti-HRP/anti-FITC, anti-CEA/anti-B-galactosidase.
Examples of trispecific antibodies include anti-CD3/anti-CD4/anti-CD37, anti-CD?3/anti-
CD5/anti-CD37 and  anti-CD3/anti-CD8/anti-CD37. Bispecific antibodies can be
30 prepared as full length antibodics 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

35  acytotoxic moiety or radiolabel.
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Range for Buffers Equilibr ation 19nMES, 60mM NaCl 5.5 14 - 23nM MES 50 -
70 M NaCl 5.0 - 6.0 5.0 - 7 2 nS/cm Load Conditioned Protein A Pool 5.0
NA 4.5 -5.5 2.5 -5.5 nS/cm Wash 1 25mM HEPES 7.8 15-35 mM REPES 7.5 - 8.1

0.5- 1 5 whhaRo¥eh 2 19mM MES PCT/US2008/081516

5 An “intact antibody” herein is one which comprises two antigen binding regions,
and an Fc region. Preferably, the intact antibody has a functional Fc region.

"Treatment" refers to both therapeutic treatrent and prophylactic or preventative
measures. Those in need of treatment include those already with the disorder as well as
those in which the disorder is to be prevented.

10 A "disorder” 1s any condition that would benefit from treatment with the antibody
purified as described herein. This includes both chronic and acute disorders and diseases
and those pathological conditions which predispose the mammal to the disorder in
question. '

The word "label" when used herein refers to a detectable compound or

15 composition which is conjugated directly or indirectly to the antibody. The label may be
itself be detectable (e.g., radioisotope labels or fluorescent labels) or, in the case of an
enzymatic label, may catalyze chemical alteration of a substratc compound or
composition which is detectable,

The term "cytotoxic agent” as used herein refers to a substance that inhibits or

20 prevents the function of cells and/or causes destruction of cells. The term is intended to
include radioactive isotopes (e.g. At*™!, 1P 1, ¥ Re'™® Re'™ sm'™ Bi??, P¥ and
radioactive isotopes of Lu), chemotherapeutic agents, and toxins such as small-molecule
toxins or enzymatically active toxins of bacterial, fungal, plant or animal origin, or
fragments thereof.

25
Modes for Carrving Out the Invention

The mvention herein provides methods for purifying an amtibody from a
composition (e.g. an aqueous solution) comprising the antibody and one or more
contaminants. The composition is generally one resulting from the recombinant

30  production of the antibody, but may be that resulting from production 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

35 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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10mM NaCl 5.5 14 - 23mM MES 5-15 mM NaCl 5.0 - 6.0 0.6 - 2 2 nS/cm
Elution 19 mM MES 160 mM NaCl 5.5 14 - 23 nM MES 140 -180 nM NaCl 5.3 -
5.7 13.4- 17.2 nBS/cm Sanitizat ion 0.5N NaOH NA NA NA NA Storage 0.1N NaCH

NA NA  wo 2009058812 PCT/US2008/081516

5  using conventional procedures (e.g., by using oligonucleotide probes that are capable of
binding specifically to genes encoding the heavy and light chains of the antibody). Many
vectors are available. The vector components generally include, but are not limited to,
one or more of the following: a signal sequence, an origin of replication, one or more
marker genes, an enhancer element, a promoter, and a transcription termination sequence

10 (e.g. as described in US Patent 5,534,613, specifically incorporated herein by reference).

Suitable host cells for cloning or expressing the DNA in the vectors herein are the
prokaryote, yeast, or higher eukaryotic cells. Suitable prokaryotes for this purpose include
cubacteria, such as Gram-negative or Gram-positive organisms, for example,
Enterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella,

15 Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans,
and Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e.g., B.
licheniformis 41P disclosed in DD 266,710 published 12 April 1989), Pseudomonas such
as P. aeruginosa, and Streptomyces. One preferred E. coli cloning host is E. coli 294
(ATCC 31,446), although other strains such as E. coli B, E. coli X1776 (ATCC 31,537),

20 and E. coli W3110 (ATCC 27,325) arc suitable. These examples are illustrative rather
than limiting,.

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast
are suitable cloning or expression hosts for antibody encoding vectors. Saccharomyces
cerevisiae, or common baker's yeast, is the most commonly used among lower eukaryotic

25  host microorganisms. However, a number of other genera, species, and strains are
commonly available and wuseful herein, such as Schizosaccharomyces pombe;
Kluyveromyces hosts such as, e.g., K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus
(ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 56,500), K.
drosophilarum (ATCC 36,906), K . thermotolerans, and K. marxianus; varrowia (EP

30 402,226); Pichia pastoris (EP 183,070); Candida; Trichoderma reesia (EP 244,234);
Neuwrospora crassa, Schwanniomyces such as Schwanniomyces occidentalis; and
filamentous fungi such as, e.g., Neurospora, Penicillium, Tolypocladium, and Aspergiflus
hosts such as 4. nidulans and A. niger.

Suitable host cells for the expression of glycosylated antibody are derived from

35  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), dedes aegypti (mosquito), Aedes
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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,

35  any of the media described in Ham et al., Meth. Enz. 58:44 (1979), Bames ef 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

5.



Phase Buffer / Solution Process Paraneter Flow rate (cm hr) BedHei ght (cm
NA 30 NVA Equilibration 23mMIVIES / 60nM NaCl pH 5.5 , cond 69 nS/cm 4
CV 100 Load ConditionedViral Filtered (VF) PoolpH 5.5 0.2, cond. <55

MBS/ cm 15 o 4nefsdapvaci zumab / L of resin 100 Wash 1 23pM MRSl 7- 0

5 culture media for the host cells. Any of these media may be supplemented as necessary
with hormones and/or other growth factors (such as insulin, transferrin, or epidermal
growth factor), salts (such as sodium chloride, calcium, magnesium, and phosphate),
buffers (such as HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such
as garamycin; GENTAMYCIN®), trace clements (defined as inorganic compounds

10 usually present at final concentrations in the micromolar range), and glucose or an
cquivalent energy source. Any other necessary supplements may also be included at
appropriate concentrations that would be known to those skilled in the art. The culture
conditions, such as temperature, pH, and the like, are those previously used with the host
cell selected for expression, and will be apparent to the ordinarily skilled artisan.

15 When using recombinant techniques, the antibody can be produced intracellularly,
in the periplasmic space, or directly secreted into the medium. If the antibody is produced
mtracellularly, as a first step, the particulate debris, cither host cells or lysed cells {e.g.
resulting from homogenization), is removed, for example, by centrifugation or
ultrafiltration. Where the antibody is secreted into the medium, supernatants from such

20  expression systems may be concentrated using a commercially available protein

concentration filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit.

The Cation Exchange Chromatography Method of the Invention

25 In the preferred embodiment of the invention, the composition to be subjected to
the purification method herein is a recombinantly produced antibody, preferably an intact
antibody, expressed by a Chinese Hamster Ovary (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

30  one or more contaminants, such as Chinese Hamster Ovary Proteing (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,

35  during, or following the cation exchange chromatography method include fractionation on
a hydrophobic interaction chromatography (e.g. on PHENYL-SEPHAROSE™), cthanol

precipitation, isoclectric focusing, Reverse Phase HPLC, chromatography on silica,
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3 Cv 100 Wash 2 23mM IVIES / 10mM NaCl pH 5.5, cond 1 5 nS/cm 3 CV 100
Elution 23mM MES / 175 m M NaCl pH 5.5, cond. 18 nS/cm Start Pooling End
Pooling 7 Cv 0D 280 > 0.5 .. (OD 280 < 1.0 100 VA N A Sanitization 0.5N

NaOH 3 - 6o Gdhofakkstz 100 Storage 0. 1N NaOH 3 - 6 CV 50 pcdRRz008/081516

5  chromatography on HEPARIN SEPHAROSE™, anion exchange chromatography, further
cation exchange chromatography, mixed-mode ion exchange, chromatofocusing, SDS-
PAGE, ammonium sulfate precipitation, hydroxyapatite chromatography, gel
electrophoresis, dialysis, hydrophic charge induction chromatography, and affinity
chromatography (e.g. using protein A, protein G, an antibody, or a specific subsirate,

10 ligand or antigen as the capture reagent).

According to the present invention, the cation exchange purification scheme
typically includes the following steps performed sequentially: (1) equilibration of the
cation exchange material; (2) loading the composition to be purified onto the cation
exchange material, (3) a first wash step; (4) a second wash step, and (5) elution of the

15  antibody of interest.

By including at least two wash steps in the cation exchange purification scheme,
at least the first of which is conducted at high pH (about pH 6.8 or greater), the efficacy of
purification can be significantly improved. In particular, performing the first wash step
using a wash buffer with a pH in the range from about 6.8 to about 9.0 (e.g. from about

20 7.0 to 8.0), such as, for example, about pH 7.8 or about pH 7.0, contaminants as described
above are removed more efficiently than using the conventional lower pH range of about
5.0 to about 5.5. As a result, the host cell protein content of the composition comprising
the antibody eluted from the cation exchange material is typically less than about 200
ppm, which is below the approximately 500 ppm level achieved using one wash step at a

25 pHofabout5to 5.5.

In the preferred embodiment of the invention, the cation exchange material
comprises cross-linked poly{styrene-divinylbenzene) flow-through particles (solid phase)
coated with a polyhydroxylated polymer functionalized with sulfopropyl groups, for
example, a POROS 50 HS® column availabie from Applied Biosystems.

30 Usually, an equilibration buffer is passed over 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

35 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. Optionalty,
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15 The desired pH, conductivity and nolarity ranges for the | oad and
buffers in the bevaci zumab process are provided in the follow ng table.
WO 2009/ 058812PCT/ U52008/ 081516 5 Table 4: Preferred pH, Conductivity and

Mol arity JRansiRmsdspy Bevaci zumab Process Tar get bufferpclr'ﬁjrsgﬁ;y kL4 ange
Target conductivity range Preferred buffer nolarity range rePerred buffer

pH range Equil. 23mM MES, 60nM NaCl 5.4 -5.60 6.1 - 7 7nS/cm 13- 33mM MES
50- 70rM NbEPHRfthéload isgmthevEngsdinim aidutit.8do whduh6 Bafbe exainpie abopegt 5 Oror (W )

5.3 -5.7 afbo%t %}{@/SC Mo a preferred embodiment, a conditioned product pool from a prior
purification step is loaded. In one embodiment, a Protein A pool from a prior Protein A
chromatography purification, pH 5.0 is loaded on the cation exchange material. In
another embodiment, a conditioned Q-SEPHAROSE® pool, pH 5.5 is loaded onto the

10 cation exchange material. Exemplary load densities are in the range from about 10 to
about 100 g/L resin, preferably from about 10 to about 60g/L resin, most preferably from
about 15 to about 45 g/L resin. The antibody of interest is bound to the cation exchange
material as a result of this loading step.

After loading, the cation exchange material is washed in a first wash step with a

15 first wash buffer. During the wash process, wash buffer is passed over the cation
exchange material. The composition of the wash buffer is typically chosen to clute as
many contaminants as possible from the resin without eluting a substantial amount of the
antibody of interest. The pH of the first wash buffer is generally higher than that of the
equilibration buffer and/or of the loaded composition, for example about 2 to about 3 pH

20 units higher. Preferably the pH of the first wash buffer is in the range from about pH 6.8
to about 9.0, preferably from about pH 6.8 to about 8.0, for example about pH 7.8 or
about pH 7.0. Examples of buffers which buffer in this pH range include, but are not
limited to HEPES, MES, sodium acetate, TRIS/HCI, Tricthanolamine
hydrochloride/NaOH, Bicine/HCl, Tricine/HCl ete. The preferred first wash buffer

25 comprises or consists of: (1) 25mM HEPES, pH 7.8 or (2) 25mM MOPS, pH 7.0.

In this regard, the present invention provides a composition comprising a
recombinant chimeric CD20 anfibody, such as rituximab, in 25mM HEPES, pH 7.8. The
invention also provides a recombinant humanized VEGF antibody, such as bevacizumab,
m 25mM MOPS, pH 7.0. Such compositions are useful, among other things, as

30  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

35 about pH 6.0. Preferably, the pHl 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,HPOy, Bis. Tris/HCL. MES, pH 5.5 is the
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< 6 5nB/cm5.2-5.8 Wash 1 25nM MOPS 6.9-7.1 0.2-1.2 nS/cm 15-35m M MOPs
6.6-7.4 Wash 2 23mM MES 10mM NaCl 5.4-5.6 1.2-1.8 nBS/cm 13-33mM MES 5-20nM
NaCl 5.1-5.9 Elution 23nmM MES 175mM NaCl 5.45-5.55 17.5-18.5 nS/cm 13- 33mM
MES WO 2049/058812 PCT/US2008/081516

5 preferred buffer for the second wash. In one embodiment, the second wash buffer
comprises or consists of: 19mM MES, 10mM NaCl, pH 5.50. In another embodiment,
the second wash buffer comprises or consists of 23mM MES, 10mM NaCl, pH 5.50.

While additional wash steps may be employed, preferably only a first and second

wash step are performed, prior to eluting the desired antibody. Contaminants such as

10 those discussed above are removed from. the cation exchange material during the first
and/or second wash step. Preferably, the first wash step removes most of the
contaminants.

Following the wash step(s) noted above, the desired antibody is eluted from the
cation exchange material. Elution of the antibody may be achieved by increasing the

15 conductivity or ionic strength. Desirably, the conductivity of the elution buffer is greater
than about 10mS/cm. Increased conductivity may be achieved by including a relatively
high salt concentration in the elution buffer. Exemplary salts for this purpose include,
without limitation, sodium acetate, sodium chioride (NaCl), and potassium chioride
(KCI). In one embodiment, the elution buffer comprises from about 100 to about 300mM

20 NaCl. The elution buffer generally will have approximately the same pH as the second
wash buffer. A preferred elution buffer comprises: 19mM MES, 160mM NaCl, pH 5.5.
Another preferred elution buffer comprises: 23mM MES, 175mM NaCl, pH 5.5. Elution
preferably involves step elution (as opposed to gradient elution).

While the elution step is optionally followed by a regeneration step, such is not

25  mnecessary according to the preferred embodiment of the invention.

While additional steps are contemplated, preferably the cation exchange
purification method herein consists of only the following steps: equilibration (e.g. using
equilibration buffer pH about 5.5), loading a composition comprising antibody and
contaminant(s) (e.g. where pH of the loaded composition is about 5.0 or about 5.5), first

30 wash step for eluting contaminants (e.g. using first wash buffer pH about 7.8 or first wash
buffer pH about 7.0), second wash step (e.g. using second wash buffer pH about 5.5), and
elution (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

35  chromatography method herein may be subjected to additional purification steps, if

necessary. Exemplary further purification steps have been discussed above.
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160- 190nM NaCl 5.4-5.6 Sanitization 0.5N NaCH NA 50-60nS/cm (1:1 dil uted)
0. 5N NaCl NA Storage 0.1N NaOH NA 17-27nmS/cm 0. 1IN NaOH NA . The
present process was found to be superior to the original bevaci zumab

process ed a first wash buffer pH 5.5. The ss herein
was abl el‘?g\ygdcﬁ’u iz pool s WD 2009/ 058812PCT/ US2008/ 0 RshaRGF3Ts | oer

CHOP levels, it achieved a higher step yield and was an overall nore
robust 5 pr ocessOpitonaliyy theamribodf &ctamiigaigd to Snd\bAhoteShebirdloMald th&eculesAsmet hod

fo i fyin ti body fraom corrp05|t|on onprisjng the anti body and
at | east BrdSd ﬂ?ﬁ‘gﬂﬁtﬂ%ﬂfﬁ us P g hdtt COMPIS: 5 Eoghd i 108 Qs (49 STWBpS of :

(1 8) | oadi paLtiReoCRIRAshdd chr[@ gOEBE}eiﬁyI@ﬁ’é ERBOIEPELRNGS ML A /labihgr Ll the
COI’TpOSItIOI’] is at a fir
enzyme, fluorescent label andfor radionuclide), or a cytotoxic molecule (e.g. a toxin,
chemotherapeutic drug, or radioactive isotope etc).

10 A therapeutic formulation comprising the antibody, optionally conjugated with a
heterologous molecule, may be prepared by mixing the antibody having the desired degree
of purity with optional pharmaceutically acceptable carriers, excipients or stabilizers
(Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of
lyophilized formulations or aqueous solutions. “Pharmaceutically acceptable” carriers,

15  excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations
employed, and include buffers such as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as

20 methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (less than about 10 residues) polypeptide; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic  polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine,
arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates including

25  glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose,
mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEENT,
PLURONICS™ or potyethylene glycol (PEG).

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

30  example, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose  or  gelatin-microcapsule and  poly-(methyimethacylate)
microcapsule, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and mnanocapsules) or in
macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences

35  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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(b) washing the cation exchange material 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 buffer is from6.8 to 9.0; (c) washing the
cation exgbaogRsesserial with a second wash buffer at is |less
than that of the first wash buffer; and (d) eIuTﬁ# Otﬁﬁgfs Jr]ltlbody

fromthe cation exchange material wth an elution buffer at a conductivity

which $s at | eGstaiRuBticasegrreptaions ey Uchatpaodd. Shieabie comehlaagsubtbibédr ;
wher ei n thef H of the sec n.;{j wash buffer and t fﬁtﬂ'jmﬁf t he_ el utlon buf f er
€2 pot

are appr oxi et Sf§PAHENSS FBPeFRsale (TAEHCsSt O ydrginebisi polymers

anti body bémgsin @h&medﬁ%ﬁb t, SwHiBe niF o dreah 164 ﬁirﬁ‘éféﬂﬁi?e’ded nti body
bi nds to human \%ascul ar endotnhel i al grovvthef actor (VEGH). 2§&4&Th§anet hod

of clai m fimyhetremrcroegsie @fiamhlés Wnpsginedoresss payicks ifdein fol§estas,s. 0,

the pH of uf [ t he t econd
wash buf f h%d}g%ei rg)tr% EQ%I@Q (2 hi(ggx)ﬁemy? tbf'i&?’%tegel Ut P 81%{_{ %l‘éql}' P from
5.0 t &0 6. PolydGnied Y. Srerahado 03 7@3 aiom &opM}&[eﬂ?s Bf Lhaue@ndsGd iaud tYetpfl-11-he
elution buffer is from 10rrS/cm to 100nS/cm 6. The nmethod of claim1l

wher ei n t BuEEE T9R-dsgRdadle chijspp-vay! Wtﬁod%mﬁmel\ﬁﬁlc acigelyppléc peitthod of
claim 1 vEgoBinl fien G %%@@%ﬁﬂ i d Al CRIRIRES GBS ar el

poly(styrene V|ny enzene part coat ed

pol yhydr oacjd-glyeaicpadid/ mepolfmec tid Mbrohdd amthﬂ@) smtlfmbjr DRY)- 3-gyd3 P Hutyric

8. The method of claiml wherein the contamnant is selected fromthe 10
group con&i'St | ng of Chinese Hanster Ovary Proteins (CHOP), Ieached prot ein

A DN's _agar egpiceshiaidy harvied 68 disciibd WERiTBAR: EOTRANSAL cordRls and

viral contam nant. . The nethod of cla r| SI ng
subj ect i ngptibpdy %hﬁ)@b%ﬂﬂaéwtmsﬂjc mp‘fﬁblﬁ regrrichéds ot jusedfor tvericusediagnostiv, e

furth t ther bef d af ter st
v ough (5 eeaEet BiheP bR MU I8t oB T haicd Mo fiistet 3 EhE: whoy

10. The nettibody mby bé asemtS thetr 4 &ﬁdsrdéﬂﬁwmahmgl wmnug@tehﬂga&map@uﬁdahy ed
ant i body th a heter ggus nol ecul e. 11. The method of claim9

or 10 furfHERVCBIPTF e tﬁﬁ lasiy e Hitf%afbfl‘}élr e dsapcefi s eBRHarsibern puchys
anti L’é’dS%@%ﬁ%’%ﬁé@%ﬁﬁ%@%ﬁ%@%Bl?étbl?ﬁ‘ﬁ%%ﬁ (igreugRle SAPHUBALEC,
puri fyi ngkwamphamei Doy, artaukeniindor kyareplc CORMd Epmplacytic Leukemia, CLL) as
well as autoimmune diseases such as rheumatoid arthritis (RA), multiple sclerosis (MS),
lupus ctc. For an antibody that binds to VEGF, such as bevacizumab, it can be used to
inhibit angiogenesis, treat cancer, and treat macular degeneration, etc.
25 The following examples are offered by way of illustration and not by way of
limitation. The disclosures of all citations in the specification are expressly incorporated

herein by reference.

EXAMPLE 1: PURIFICATION OF A CD20 ANTIBODY

30
This exampie describes an improved cation exchange chromatography process for
purifying a CD20 antibody, rituximab. Rituximab is used for therapy of NHL, CLL, RA,
MBS, ete. 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
35  is commercially available from Genentech, Inc.
Cation-exchange chromatography is used to further reduce the levels of CHOP,
DNA, leached protein A, garamycin (GENTAMYCIN®), Rituximab aggregates, and
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conposition conprising the anti body and one or nore contam nants sel ected
fromthe group consisting of Chinese Hanster Ovary Proteins (CHOP),

| eached protein A, DNA, and aggregated CD20 anti body, which nethod

conpri se ntial steps of: (a) loading the conposition
onto a cz‘?’bgﬁw@g%ﬁnge mat eri al wherein the 30conposi tch%lngosgps pH from
4.0 to 6.0; (b) washing the cation exchange material with a first wash
buf f ers at pateitd! @@, R Bui@a®bRis tothy codaR uidkr tHR9o &Pl h@MiosX CRRRGRIRt er i al
with a second wash buffer at a pH from5.0 to 6.0, and 35(d) eluting the
anti body %Srfg\?ﬂ ‘t“ﬁgedzaqulnfeém%tﬁg@%%@@wtowéiungl anneityss. oubiplef er with a
pH from5 : Ly f C 100 cm 13. The
met hod of C%l éesl?nrf“? fg' “%P?f%g%ﬂdg%gﬁéi%}%ﬁ?@“r u‘§<1i %%Sat%’%?er%?éemﬁ%{’%o d of

cl ai m 12 whebeheld atreom|ternpaatutzufpite 30 cOiprirse$ di@lortap 530AniMpNaGldaysl0 15. A
met hod for purifying an antibody that binds human vascul ar endot hel i al
growth factor (VEGE) froma conposition conprising the antibody and one or
nore cont ani na es‘%%‘%’@é%WF%%&W%%%@z&ﬁﬁh@i gysesmsy isparkeddubt ur e
medi aj ¢ oNRRAEH r L~ &hi.ne . roteixns (CHOP), DNA,

vi ral (g cont am%n%ﬁétﬁ,@g@rfllgbglgg%ggt g@ 0@@%%\1{[%% S,B\?\%dé%@rret hod conpri ses
t he sequetativadexehapgescobfmn is(paygel of diorage sdiaticontosquiliteationrtudfea Afdri on

exchange pmt.eri al erein the co sition js at_a from4.Q0 to 6.0;

]gb) mgggiﬁﬁiﬁa&??@ﬁ%@@ﬂ%@@lﬁ%ﬁ“ -EV@PF‘QPC?%%;E% (;e‘Lb at a pHd
rom : i the, ndfHhs. Mhhel doBinerds HRA vRXEIIRNALw IR Bf Rk, il a secon
wash buffer at a pH from5.0 to 6.0; and (d) ‘gl uting the antdi body

fromthe ®avishr tukien dhigecimab sralaed fGem the cplimen wiingombipbidnee-stwingth a pH from
5.0 tg 6. Qudidn@regonductivity from 10nmS/cmto 25100n8/ cm  16. The met hod of
cl aim 15 V\}%er eln the antibody is bevaci zumab. 17. The nethod of claim5
wherein the elution buffer conprises 100 to 30300mM NaCl .

A comparison of the conditions for the process of the present invention compared

to the original (control} process is provided in the following table.

Table 1: Comparisen of Buffers for Rituximab Cation Exchange Chromatography

Processes

Phase Buffer composition Buffer composition
(original process) (exemplified process)

Pre-equilibration 20mM MES, 500mM NaCl, | None
pH 5.50

Equilibration 20mM MES, 60mM NaCl, | 19mM MES, 60mM NaCl,
pH 5.50 pH 5.50

Load Conditioned Protein A pool, | Conditioned Protein A pool,
pH 5.00, Load density < pH 5.00, Load density <
50g/L resin 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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P2280R1IWOSEQ t xt Sequence Listing <110> GENENTECH,

Benedi ct e Andree O Connor,

| NC. Lebreton,
Deborah Ann Safta, Aurelia Sharma, Mandaki ni

<120> ANTI BODY PURI FI CATI ON BY CATI ON EXCHANGE CHROMATOGRAPHY <130>
60/ 983, 825 <151> 2007- 10- 30 <160> p2Qsakderdic<211> 432

P2280R1 %iﬁggsg\#tsl

<212> PRT <2

<400> 1
Al a Ser
Asn Met
Ala lle
Lys Al a

10

ficial

sequence <220> <223> sequence 1S synt

esi zed

Gn Val Gnleudn Gn Pro @y Ala Qu leu Val Lys Pro Gy 151015
val Lys Met Ser Cys |Ip$5ADa Ser Gy Tyr |Par5.Bhe Thr 202530 $er Tyr
His Trp Val Lys A n [Thr Pro Gy Arg Gy |Leu 354045 Au Trp |le Gy
Regdiefatighy ASn Ay ARpMMESS0odM NaBh3eihnésn G n Lys Phe Tys Ay
Thr-Leu Thr Ala Asp |Ly$s38r
Sanitization 0.5 N NaOH 0.5 N NaOH
Storage 0.1 NNaOH 0.1 N NaOH
The desired pH, conductivity and molarity ranges for the load and buffers in the
rituximab process are provided in the following table.
Table 2: Preferred pH, Conductivity and Molarity Ranges for Rituximab Process
Buffer Target pH | Preferred Buffer | Preferred Allowable
Bulfer Composition Molarity Range | Buffer pH | Conductivity
Range Range for
Buffers
Equilibr | 19mM MES, 55 14 - 23mM MES 50-6.0 [5.0-72mS/cm
ation 60mM NaCl 50 — 70 mM NaCl
Load Conditioned 5.0 NA 45-55 [25-55mS/cm
Protein A Pool
Wash 1 | 25mM HEPES 7.8 15-35 mM HEPES 75-8.1 [0.5-1.5mS/cm
Wash 2 | 19mM MES 5.5 14 - 23mM MES 50-6.0 [0.6—-2.2mS/cm
5—15 mM NaCl
10mM NaCl
Elution |19 mM MES 5.5 14 — 23 mM MES 53-57 134-172
140 -180 mM NaCl mS/cm
160 mM Na(l
Sanitizat | 0.5N NaOH NA NA NA NA
ion
Storage | 0.1N NaOH NA NA NA NA
* Conductivity values measured with temperature compensation based on a temperature

of 200C and an alpha value of 1.77.



657075 Ser Ser Thr Ala Tyr Met G n Leu Ser Ser Leu Thr Ser G u Asp 808590
Ser Ala val Tyr Tyr Cys Ala Arg Ser Thr Tyr Tyr Ay Ay Asp 95100105 Trp
Tyr Phe Asn Val Trp Ay Ala Ay Thr Thr Val Thr Val Ser 110115120 Ala Al a

Ser Thr Ser Val Phe Pro Leu Ala Pro Ser Lys Ser
Thr Ser éﬁé @QX’S@P Ala Ala Leu Ay Cys Leu val 14014%%@% g"’%{sﬂ Tyr Phe
Pro Au Pro vaI Thr Val Ser Trp Asn Ser Ay 155160165 Ala Leu Thr Ser dvy

val H% Thr Ph"éhd%xemﬁliﬁcd\;{abcdsefor@iﬂuxﬁmb pli€idatiod 8ohabesd tht sobuehesi wf Ser Leu

Ser Ser Val /Val Thr Val Ser ,185190 Ser u @y Thr @ n Thr Tyr
e ove Al U3l i KAl chmling GepBCa T VAL BN ool EB D RAVBBEA ki | Sor | Aen

Thr Lys Vphas&S Reshi¥ifig laViswé [8vdH & HsOcelidRotsiBs inthSproditt pdo14élaérpool)

and facilitating the removal of the impurities in the subsequent downstream step. Fig. 3

illustrates the advantages of the present process in terms of host cell proteins removal.

10 EXAMPLE 2: PURIFICATION OF A VEGF ANTIBODY

This example describes a cation exchange chromatography process for purifying a
recombinant humanized vascular endothelial growth factor antibody (thuMAb VEGF),
bevacizumab. The structure of the bevacizumab molecule is disclosed in US Patent
7,169,901, Presta ef al., expressly incorporated herein by reference. See also Figs. 2A-2B

15  herein. Bevacizumab is commercially available from Geneniech, Inc.

This example summarizes the development studies performed on the cation
exchange step for an improved bevacizumab purification process. Three cation exchange
resins were evaluated in these studies: CM SEPHAROSE FAST FLOW®, SP
SEPHAROSE FAST FLOW® and POROS 50HS®. The cation exchange purification

20  processes using these three resins were evaluated with respect to: process performance
(impurities removal, retrovirus removal, and step yield), product quality, process
robustness and process fit at all current manufacturing sites. Based on the data generated
in these studies, POROS 50HS® showed superior process performance and robustness
and was selected as the cation exchange resin for the improved purification process.

25 Cation exchange chromatography is the final chromatography step in the
purification process. It serves to remove cell culture media components (garamycin), host
cell derived impurities (CHOP, and DNA) and aggregated forms of bevacizumab. It also
functions as a viral removal step.

The column is operated in a bind-and-clute mode and is performed at ambient

30  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 siorage by washing with
equilibration buffer. The viral filtered poo! 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

35  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
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Akmd teyevEECHIOB impRritesAThe (lumB 20825 33theProth@ low\dalt blffer t& htswdxe u

Asn dn Va

Ser

of pselyipdusing a giep,

Ala Pro Qu Leu Leu Ay 230235240
Leu 245250255 Met
Hi s 260265270 Asn Al a

Wiy

Val
Tyr

Leu Thr
eh@ﬁ“@fh@éer

@my 2d y(ga

Lys Leu Thr Va

Ghayiteey wab 540024n solution (0.5 N NaOH) prior to storage in storage solutmn (0.1
N NaOH) unti] its next use.

The following table provides a description of the conditions for the bevacizumab

process of the invention herein.

Table 3 - Bevacizumab Process

Phase Buffer / Solution Process Parameter | T10W rate
{em/hr)
Bed  Height
(om) N/A 30 N/A
Equilibration | 23mM MES / 60mM NaCl 4CV 100
pH 5.5, cond. 6.9 mS/cm
Conditioned Viral Filtered 15-45¢
Load (VF) Pool pH55+ bevacizumab / 100
0.2, cond. < 5.5 mS/cm L of resin
Wash 1 25mM MOPS, pH 7.0 icv 100
Wash 2 23mM MES / 10mM Na(Cl 3CV 100
pH 5.5, cond.1.5 mS/cm
23mM MES / 175 mM NaCl 70V 100
pH 5.5, cond. 18 mS/cm
Elution Start Pooling OD 20 >0.5 N/A
End Pooling OD 30 <10 N/A
Sanitization 0.5N NaOH 3-6CV 50 - 100
Storage 0.IN NaOH 3-6CV 50- 100

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

bevacizumab process are provided in the following table.

-35.

I'le
Lys
Ser
Lys
I'le
Pro
Leu
Asn
Ser
r Arg



Asn
Thr
PRT
Adn
Lys
Phe
Asn
Ser
Al a

Val

Ile
val

Leu Ser

Phe Ser Cys Ser Val
A@n Lys Ser
<213> Artificial

R0 4B

dn Ser

G@n dn Lys Pro Ay Ser

Leu Ser

Ser

Cys Arg Ala Ser Ser Ser val

Met Hs GQu Ala Leu H's Asn H s 410415420 Tyr
Pro Ay Lys 425430 <210> 2 <211> 213 <212>
sequence <220> <223> sequence i s synthesized <400> 2

Pro Ala Ile Leu Ser Ala Ser _Pro 151015 Gy G u

;
Ser Z%gﬁzgf’wmﬂﬁe Hs Trp
Pro Lys Pro 354045 Trp Ile Tyr Ala Thr
Lett AFablSdr Peafyrrbih pHPCon¥adtivity ant 08685HPREnERE TorBdvadeambh Yrewss G y Thr

Tyr Ser Leu Thr Ile Ser Page 2 P2280RIWOSEQ txt 657075 Arg Val
Gu AS Ala Ala Thr Tyr Tyr Cys G n G n Trp 808590
Target Target pH | Target Preferred Preferred
buifer range conductivity | buffer buffer pH
range molarity range
range
Equil. 23mM MES, | 5.4 -5.60 6.1- 13-33mM 5.1-5.9
60mM NaCl 7.7mS/cm MES
50-70mM
NaCl
Load VF pool 53-57 <55mS/em | £6.5mS/em | 5.2-5.8
diluted with
water for
injection
(WFI)
Wash 1 25mM 6.9-7.1 0.2-1.2 15-35mM 6.6-7.4
MOPS mS/cm MOPs
Wash 2 23mM MES | 54-5.6 12-18 13-33mM 5.1-5.9
mS/ecm MES
10mM NaCl
5-20mM
NaCl
Elution 23mM MES ! 5.45-5.55 17.5-18.5 13-33mM 5.4-5.6
mS/cm MES
175mM
NaCl 160-190mM
NaCl
Sanitization | 0.5N NaOH | NA 30-60mS/cm | 0.5N NaCl | NA
(1:1 diluted)
Storage 0.INNaOH | NA 17-27mS/cm | 0.INNaOH | NA

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

10 which used a first wash buffer pH 5.5. The new process herein was able to achieve pools
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Thr Ser Asn Pro Pro Thr Phe Ay Gy Gy Thr Lys Leu Qu Ile 95100105 Lys
Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser 110115120 Asp G u
Gn Leu Lys Ser Ay Thr Ala Ser Val Val Cys Leu Leu 125130135 Asn Asn Phe
Tyr Pro Lys Val Gn Trp Lys Val Asp 14014 nA_a Leu Gn
Ser Gy ﬁ&gﬁz@g&sﬁéﬁ% Gu Ser Val Thr Qu Gn 15516016553@%]@@?""{9@6 Asp Ser
Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu 170175180 Ser Lys Ala Asp Tyr GQu
Lys HS Lyith\aber THORevelSy & aChigvadad hikBa k89 h8d Thd whi sn GldtalGnigrd Rbusser Ser
Pro Val Thr L i Ser. Phe fAsn.Arg 200205210 Gy du Cys <210> <211> 121
<212> PRTprgﬁ?g(’lﬂPt"i”F’im&lf afludig lence <220> <223> sequence i s synt hesi zed
<400> 3 Gn Val Gn Leu Gn Gn Pro @y Ala Qu Leu Val Lys Pro Ay 151015



Al a Ser Val
Asn Met His
Ala Ile Tyr
Lys Ala Thr
Ser Ser Leu

Lys Met Ser Cys Lys Ala Ser Gy Tyr Thr Phe Thr 202530 Ser Tyr
Trp val Lys A n Thr Pro Ay Arg Ay Leu 354045 Au Trp Ile Ay
Pro Ay Asn Ay Asp Thr Ser Tyr 505560 Asn G n Lys Phe Lys Gy
Leu Thr Ala Asp Lys Ser 657075 Ser Ser Thr Ala Tyr Met G n Leu
Thr Ser A u Asp 808590 Ser Ala val Tyr Tyr Cys Ala Arg ser Thr

Tyr Fyr V@AIATAS/CIASIHBBI80105 Trp Tyr Phe Asn val Trp Ay Ala Ay Thr Thr

Val Thr Val

Ser 110115120 Ala <210> 4P2280RIWOSEQ. t xt <211> 106 <212> PRT

<213> Artificial sequence <220> <223> sequence is synthesized <400> 4 G n

Ile Val Leu

Ser  GAmSehd Psopiif3ind & hetboSerrodl a cGaipofrion LoMPHiSnGthe G u Lys

Val Thr Met Thr Cys Arg Ala Ser Ser Ser Val Ser | .
antibody and at least one contaminant, which method comprises the sequential steps of:

15

(@) loading the composition onto a cation exchange material wherein the
composition is at a first pH;

(b) washing the cation exchange material with a first wash buffer at a pH which
is greater than that of the composition in (a), wherein the pH of the first wash
buffer is from 6.8 to 9.0;

{¢) washing the cation exchange material with a second wash buffer at a pH
which is less than that of the first wash buffer; and

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

buffer at a conductivity which is at least 2mS/cm greater than that of the second wash

buffer; wherein the pH of the second wash buffer and the pHl of the elution buffer are

approximately the same.

20

25

2. The method of claim 1 wherein the antibody binds to human CD20.

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

endothelial growth factor (VEGT).

4, The method of claim 1 wherein the pH of the composition in (a) is from

4.0 to 6.0, the pH of the first wash buffer is from 6.8 to 8.0, the pH of the second wash

buffer is from 5.0 to 6.0, and the pH of the elution buffer is from 5.0 to 6.0.

30

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

from 10mS/cm to 100mS/cm.

6. The method of claim T wherein the elution buffer comprises 100 to

300mM NaCl.
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202530 Tyr Ile Hs Trp Phe An A@n Lys Pro Ay Ser Ser Pro Lys Pro 354045

Trp Ile Tyr Ala Thr Ser Asn Leu Ala Ser Gy Val Pro Val Arg 505560 Phe Ser
Gy Ser Ay Ser Ay Thr Ser Tyr Ser Leu Thr Ile Ser 657075 Arg Val Au Al a
Gu Asp Ala Ala Thr Tyr Tyr Cys A n Gn Trp 808590 Thr Ser Asn Pro Pro Thr
Phe Gy Gy Gy Thr Lys Lea Gu Ile 95100105 Lys <210> 5 <211> 5 <212> PRT
_?2133 Artifidial Saquenoe «2doim taggxcigdbuenive dxhanpatmdgicl c@mproe> 5 Ser

Ty ASn N &1 Spotategrerc-diomsihensencs - Rowtiough - partidids! hikd! wifiauence

polyhydroxylated polymer functionalized with suffopropyl groups.

8. The method of claim I wherein the contaminant is selected from the
{0 group consisting of Chinese Hamster Ovary Proteins (CHOP), leached protein A,
DNA, aggregated antibody, cell culture media component, garamycin, and viral

contaminant.

9. The method of claim 1 further comprising subjecting the composition
15 comprising the antibody to one or more further purification steps either before, during,

or after steps (a) through (d) so as to obtain a homogeneous preparation of the antibody.

10.  The method of claim 9 further comprising conjugating the purified
antibody with a heterologous molecule.
20
11.  The method of claim 9 or 10 further comprising preparing a
pharmaceutical composition by combining the homogeneous preparation of the

antibody or conjugated antibody with a pharmaceutically acceptabie carrier.

25 12. A 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 matenal wherein the

30 composition is at a pH from 4.0 to 6.0;

(b) washing the cation exchange material with a first wash bulffer at a pI] from
6.8 t0 9.0;

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

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

buffer with a pH from 5.0 to 6.0 and a conductivity from 10mS/cm to

100mS/cm.
39



<223> sequence is synthesized <400> 6 Ala Ile Tyr Pro Ay Asn Gy Asp Thr
Ser Tyr Asn G n Lys Phe 151015 Lys Gy <210> 7 <211> 12 <212> PRT <213>
Artificial sequence <220> <223> sequence is synthesized P2280RIWOSEQ t xt
<400> 7 Ser Thr Tyr Tyr Ay Gy Asp Trp Tyr Phe Asn Val 510 <210> 8 <211>
10 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized
<4003 8 Arg Ala Ser Ser Ser Val Ser Tyr Ile H's

20

235

30

13.  The method of claim 12 wherein the antibody is rituximab.

14.  The method of claim 12 wherein the elution buffer comprises 100 to

300mM NaCl.

15. 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 4.0 to 6.0;

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

6.8 to 8.0;

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

from 5.0 to 6.0; and

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

puffer with a pH from 5.0 to 6.0 and a conductivity from 10mS/em to

100mS/cm.

16.  The method of claim 15 wherein the antibody is bevacizumab.

17. The method of claim 15 wherein the elution buffer comprises 100 to

300mM NaCl.
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510 <210> 9 <211> 7 <212> PRT <213> Artificial sequence <220> <223>
sequence i s synthesized <400> 9 Ala Thr Ser Asn Leu Ala Ser 5 <210> 10
<211> 9 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed <400> 10 Gn dn Trp Thr Ser Asn Pro Pro Thr 5 <210> 11 <211>
453 <212> PRT <213> Artificial ,segue <é‘2t0> <223> sequence is

synt hesi zed <400> 11 du Val séapd&n {i¥aing@d U Ser Ay Ay Gy Leu Val dn

Pro Ay 151015 Gy Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Tyr Thr Phe Thr
<110> GENENTECH, INC. '
Lebreton, Benedicte Andree
0'Connor, Deborah Ann
satta, Aurelia
Sharma, Mandakini

<120> ANTIBODY PURIFICATION BY CATION EXCHANGE CHROMATOGRAPHY
<130> P2280R1 w0

<150> us 60/983,825
<151> 2007-10-30

<160> 20

<210> 1

<211> 432

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 1
GIn val Gln Leu GIn GIn Pro Gly Ala Glu Leu val Lys Pro Gly
1 5 10 15

Ala ser val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Ser Tyr Ash Met His Trp val Lys Gln Thr Pro Gly Arg Gly Leu
35 40 45

Glu Trp Ile Gly Ala ITe Tyr Pro Gly Asn Gly Asp Thr Ser Tyr
50 55 60

Asn GIn Lys Phe Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser
65 70 75

Ser Ser Thr Ala Tyr Met GIn Leu Ser Ser Leu Thr Ser Glu Asp
80 85 30

Ser Ala val Tyr Tyr Cys Ala Arg Ser Thr Tyr Tyr Gly Gly Asp
95 100 105

Trp Tyr Phe Asn val Trp Gly Ala Gly Thr Thr val Thr val ser
110 115 120

Ala Ala Ser Thr Lys Gly Pro ser val Phe Pro Leu Ala Pro Ser
125 130 135

Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val
140 145 150

Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly
155 160 165

Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu GIn Ser
170 175 180

Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser
185 190 195

Ser Leu Gly Thr GIn Thr Tyr Ile Cys Asn val Ash His Lys Pro
200 205 210
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202530 Asn Tyr Gy Met Asn Trp Val Arg Gn Ala Pro Ay Lys Gy Leu 354045
GQu Trp Val Ay Trp Ile Asn Thr Tyr Thr Ay GQu Pro Thr Tyr 505560 Ala Al a
Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser 657075 Lys Ser Thr Al a
Tyr Leu G n Met Asn Ser Leu Arg Ala G u Asp 808590 Thr Ala Vval Tyr Tyr Cys
Ala Lys Tyr Pro H's Tyr Tyr d 238r Page 5 P2280R1IW5EQ txt 95100105 Ser
H's Trp Tyr Phe Asp Val Trp GI%Z RIMESFQTHIC Leu Val Thr 110115120 Val Ser
Ser sphansetnhifsLys &y LPEOLSeR1VaITuPRR BYo depucyl Asd25130135 Pro Ser Ser
Lys Ser Thr Ser G¥ Ay Thr Al a Al220Leu y Cys 14Q@2%5150 Leu Val Lys Asp

Tyr Phe Pro.GIEI Pro Vval Thr Val Ser1 Tr'p A;n 1551601[?5 Ser Ay Ala Leu Thr
Ser ¥y ™Wall HIE RS BRe 5P BrRUA1LEP ERo LRIy SIY

Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu

245 250 255
Mat Ile Ser Arg Thr Pro Glu val Thr aAsp Gly val Glu val His
260 265 270
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr
275 280 285
arg val val Ser val Leu Thr val Leu His GIn Asp Trp Leu Asn
290 295 300
Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
305 310 315
Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg Gilu
320 325 330
Pro GIn val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
335 340 345
Asn GIn val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser
350 355 360
Asp Ile Ala val Glu Trp Glu Ser Asn Gly G1n Pro Glu Asn Asn
365 370 375
Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe
380 385 390
Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp GIn Gln Gly
395 400 405
Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His Asn His
410 415 420
Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
425 430
<210> 2
<211> 213
<212> PRT
<213> Artificial sequence
<220>
<223> sequence 1is synthesized
<400> 2
GIn Ile val Leu Ser Gln Ser Pro Ala Ile Leu Ser Ala Ser Pro
1 5 10 15

Gly Glu Lys val Thr Met Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30

Tyr Ile His Trp Phe GIn GIn Lys Pro Gly Ser Ser Pro Lys Pro
35 40 45

Trp Ile Tyr Ala Thr Ser Asn Leu Ala Ser Gly val pro val Arg
50 55 60

Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser
Page 2



Gn Ser Ser Ay Leu Tyr
Ser Ser Leu Gy Thr
Ser Asn Thr Lys Val
Thr H's Thr Cys Pro Pro Cys

Ser Val Phe Leu Phe Pro Pro

Arg Thr Pro Q@ u VakgThr

Pro Gu Val Lys Phe Asn Trp

Val Ser Val Leu Th#0val

TYr s sb¥ SashysroVdlo S§ Sgd
Thr Il e Ser Lys Al a53353403

Leu Pro Pro Ser 350355360

Lys Arg Thr val
Asp Glu Gin Leu
Asn Asn Phe Tyr
Asn Ala Leu Gln
ASp Ser Lys Asp
Ser Lys Ala Asp
Thr His GIn Gly
Gly Glu Cys

<210> 3
<211> 121
<212> PRT

110

Lys
125

Pro
140

ser
155

Ser
170

Tyr
185

Leu
200

<213> Artificial sequence

<220>

<223> sequence is synthesized

<400> 3
612 val G1n Leu

Ala Ser val Lys
Ser Tyr Asn Met
Glu Trp Ile Gly
Asn GIn Lys Phe
Ser Ser Thr Ala
Ser Ala val Tyr

Trp Tyr Phe Asn

Glin
5

Met
20
His
35

Ala
50

Lys
65

Tyr
80

Tyr
95

val
110

Pro 185190195

Ser Leu Ser Ser Val Val Thr Val
Gn Thr Tyr Ile Cys Asn Val Asn Hi s 200205210 Lys
Asp Lys Lys Val GQu Pro Lys Ser 215220225 Cys Asp
Pro Ala Pro Qu Leu 230235240 Leu Ay dy
Lys Asp 245250255 Thr Leu Met Ile
oys Valpz%%QRlWé%ECQé@E%z?o Ser H's Gu
Tyr val’$©75280285 Asp G Gu Val Hs
Al a bys VEhrGluyslaPcdu Arsg A au AGh urh2902953000yd a1l snAsip Ser Thr Tyr Arg
Leu 30531038% His Gn Asp Tr§p Leu Asn G:y Iéys
2 Ala Pro lle u
%ég’i&jg g}g @(f{' r%*“k%é”é G@n Val Tyr
Ala Ala Pro ser val phe Ile Phe Pro Pro Ser
115 120
ser Gly Thr Ala Ser val val Cys Leu Leu
130 135
Arg Glu Ala Lys val GIn Trp Lys val Asp
145 150
Gly Asn Ser Gin Glu Ser val Thr Glu Glin
160 165
Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu
175 180
Glu Lys His Lys val Tyr Ala Cys Glu val
190 195
ser Ser Pro val Thr Lys Ser Phe Asn Arg
205 210
GIn Pro Gly Ala Glu Leu val Lys Pro Gly
10 15
Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
25 30
Trp val Lys GIn Thr Pro Gly Arg Gly Leu
40 45
Ile Tyr pro Gly Asn Gly Asp Thr Ser Tyr
55 60
Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser
70 75
Met GIn Leu Ser Ser Leu Thr Ser Glu Asp
85 90
Cys Ala Arg Ser Thr Tyr Tyr Gly Gly Asp
100 105
Trp Gly Ala Gly Thr Thr val Thr val ser
115 120

Ala

Page 3
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Arg du Gu Met Thr Lys Asn A n val Ser Leu Thr Cys Leu Val 365370375 Lys
Gy Phe Tyr Pro Ser Asp Ile Ala Val GQu Trp Au Ser Asn 380385390 Gy Gn
Pro Gu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp 395400405 Ser Asp Gy
Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys géggéSgZO Sgr Arg Trp An
Gn @y Asn Val Phe Ser s Ser_Val Met His 4254 age
Pzzgg)ﬁiV\QSEQ.txt Gu A aqll_eu HPSZAYPR-TFF Thr Gin Lys Ser Leu Ser Leu
Ser <#ri0446¢)50 Pro Gy Lys <210> 12 <211> 214 <212> PRT <213> Artificial
sequeleePRR20> <223> sequence i s synthesized <400> 12 Asp Ile G n Met Thr
A n<S pFlg feetalsspayesgeser Ala Ser val 151015 Gy Asp Arg Val Thr Ile Thr
Cys.58K. Ala Ser G n Asp Ile Ser 202530

<223> sequence 1is synthesized

<400> 4
GIn Ile val Leu Ser GIn Ser Pro Ala Ile Leu Ser Ala Ser Pro
1 5 10 15
Gly Glu Lys val Thr met Thr Cys Arg Ala Ser Ser Ser val Ser
20 25 30
Tyr Ile His Trp Phe GIn GIn Lys Pro Gly Ser Ser Pro Lys Pro
35 40 45
Trp Ile Tyr Ala Thr Ser Asn Leu Ala Ser Gly val Pro val Arg
50 55 60
Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser
65 70 75
Arg val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp
80 85 90
Thr Ser Asn Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile
95 100 105
Lys
<210> 5
<211> 5
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 5
Ser Tyr Asn Met His
5
<210> 6
<211> 17
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 6
Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr Asn Gln Lys Phe
1 5 10 15
Lys Gly
<210> 7
<211> 12
<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1is synthesized
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Asn Tyr Leu Asn Trp
Il'e Tyr Phe Thr Ser
Ser Ay Ser Ay Thr
Asp Phe Ala Thr Tyr
Gy @n dy Thr Lys
Val fgae #1 e Phe Pro

Tyr An Gn Lys Pro Ay Lys Ala Pro Lys 354045 Val Leu
Ser Leu H's Ser Ay Val Pro Ser 505560 Arg Phe Ser Gy
Asp Phe Thr Leu Thr Ile 657075 Ser Ser Leu Gn Pro Qu
Tyr Cys G n @n 808590 Tyr Ser Thr val Pro Trp Thr Phe

Val GQu 9512%8]()%2 [l e L%/}S Arg Thr Val Ala Ala Pro Ser
Pro 110115F 'P'O%th U dn Leu Lys Ser Ay Thr Ala

Ser éarl TMaltyRys/rlely £351313bp Ligw AnadsvafPhe Tyr Pro Arg Gu Ala Lys Val
Gn Trp Lys Val 140145150 Asp Asn Al0a Leu Gn Ser Ay Asn Ser A n Qu Ser

Val -l u 155160165 A n Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr
LeucsHRE 0175180 Leu Ser Lys Ala Asp Tyr Qu Lys H s Lys Val Tyr Al a Cys
G w2185183195 Val Thr Hs G n Ay Leu Ser Ser Pro Val Thr Lys Ser Phe Asn
2002482 1prtificial sequence

<220>

<223> sequence 1is synthesized

<400> 8

Arg Ala Ser Ser Ser val ser Tyr Ile His
5

<210> 9
<211> 7
<212> PRT

10

<213> Artificial sequence

<220>

<223> sequence is synthesized

<400> 9

Ala Thr Ser Asn Leu Ala Ser

5

GIn GIn Trp Thr Ser Asn Pro Pro Thr

Glu ser Gly Gly Gly Leu val GIn Pro Gly
10 15

Ser Cys Ala Ala ser Gly Tyr Thr Phe Thr
25 30

Trp val Arg Gin Ala Pro Gly Lys Gly Leu
40 45

<210> 10
<211> 9
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 10
3
<210 11
<211> 453
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 11
Glu val GIn Leu val
1 5
Gly Ser Leu Arg Leu
20
Asn Tyr Gly Met Asn
35
Glu Trp val Gly Trp
50

Ala Ala Asp Phe Lys
65

Lys Ser Thr Ala Tyr
30

Thr Ala val Tyr Tyr

ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr
55 60

Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser
70 75

Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
85 90

Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser
Page 5



Arg Gy GQu Cys <210> 13 <211> 123 <212> PRT <213> Artificial sequence
<220> <223> sequence is synthesized dy Ser Leu Arg Asn Tyr Ay net Asn
Trp Val Arg Gn Ala Pro Ay Lys Gy Leu 354045 Gu Trp Val Gy Ala Ala Asp
Phe Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro H's Tyr Tyr Gy Ser 95100105
Trp Tyr Phe Asp Val Trp Ay G%f% Thr Leu Val Thr 110115120 val Ser Ser
<210> 14 <211> 108¢s212> PRT < T OrEe - sequefige

Ser His Trp Tyr Phe Asp val Trp Gly Gln Gly Thr Leu val Thr
110 115 120

val Ser ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala
125 130 135

Pro Ser Ser Lys ser Thr ser Gly Gly Thr Ala Ala Leu Gly Cys
140 145 150

Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val ser Trp Asn
155 160 165

Ser Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu
170 175 180

Gln Ser ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro
185 190 195

ser ser ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn val Asn His
200 205 210

Lys Pro Ser Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser
215 220 225

Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
230 235 240

Leu Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp
245 250 255

Thr Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val
260 265 270

Asp val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val
275 280 285

Asp Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg GIu Glu
290 295 300

Gln Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Ley
305 310 315

His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser
320 325 330

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala
335 340 345

Lys Gly Gln Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser
350 355 360

Arg Glu Glu Met Thr Lys Asn Gln val ser Leu Thr Cys Leu val
365 370 375

Lys Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn
380 385 390

Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp
395 400 405

Ser Asp Gly ser Phe Phe Leu Tyr Ser Lys Leu Thr val ASp Lys
410 415 420

Ser Arg Trp GIn Gln Gly Asn val Phe Ser Cys ser val Met His
425 _ 430 435
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G n Met Thr

G n Ser

Thr Cys Ser Al a Ser
Gy Lys Ala Pro Lys 354045 Ile Tyr
Ser 60 Ser Gy Ser Ay Ser Ay Thr Asp Phe Thr
Pro Gu Asp Phe Ala Thr Tyr Ty

Ay & abh)ehhfiid¥sn @ls M Hp

Pro Ser
Gn Asp Ile Ser

Ser

r §
PRT <213> Artificurab sequence 5’% 0

Gn

21502

Ser Leu
10

Ala Sser
25

Pro Gly
40

His Ser
55

Asp Phe
70

Thr Tvr
85

Gln Gly
100

val Phe
115

Ala ser
130

Lys val
145

Gln Glu
160

Leu Ser
175

Lys val
190

val Thr
205

P2280R1IWSEOQ. t xt <400> 15 Gy Tyr Thr
<2105 6"y Lys
<210> 12
<211> 214
<212> PRT
<213> artificial sequence
<220>
<223> sequence is synthesized
<400> 12
Asp Ile Gin Met Thr Gln Ser Pro Ser
1 5
Gly Asp Arg val Thr Ile Thr cys ser
20
Asn Tyr Leu Asn Trp Tyr GIn GIn Lys
35
val Leu Ite Tyr Phe Thr Ser Ser Leu
50
Arg phe ser Gly ser Gly Ser Gly Thr
65
Ser Ser Leu Gin Pro Glu Asp phe Ala
80
Tyr ser Thr val Pro Trp Thr phe Gly
95
Ile Lys Arg Thr val Ala Ala Pro ser
110
Ser Asp Glu Gln Leu Lys Ser Gly Thr
125
Leu Asn Asn Phe Tyr Pro Arg Glu Ala
140
Asp Asn Ala Leu Gln Ser Gly Asn Ser
155
GIn Asp Ser Lys Asp Ser Thr Tyr Ser
170
Leu Ser Lys Ala Asp Tyr Glu Lys His
185
val Thr His Gln Gly Leu Ser Ser Pro
200
Arg Gly Glu Cys
<213> 13
<211> 123
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
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Ser

Leu Ser Ala Ser val
202530 Leu Asn Trp Tyr
Phe Thr

Ser

Leu Thr

51015 Arg Val Thr

Leu Hs Ser Ay Val

Il e 657075 Leu

G n 808590 Thr val Pro Trp Thr

Ser
G1n
Lys
Gly
Thr
Tyr
Thr
Ile
val
Gln
Ser
ser
Tyr

Lys

Ala

Asp

Ala

val

Leu

Cys

Lys

Phe

val

Trp

val

Thr

Ala

Ser

Ser

Ile

Pro

Pro

Thr

Gln

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

val
15

Ser
30

Lys
45

ser
60

Ile
75

Gln
90

Glu
105

Pro
120

Leu
135

val
150

Giu
165

Thr
180

Glu
195

Asn
210

I'le

Gn dn Lys Pro

Pro
Gn
Phe

RAS <210> 15 <211> 10 <212>
Qk%baéiﬂgg%ﬁ% synt hesi zed
Phe Thr Asn Tyr Ay Met Asn 510



<211> 17 <212> PRT <213> Artificial sequence <220> <223> sequence is

synt hesi zed <400> 16 Trp Ile Asn Thr Tyr Thr Ay Gu Pro Thr Tyr Ala Al a
Asp Phe 151015 Lys Arg <210> 17 <211> 13 <212> PRT <213> Artificial
sequence <220> <223> sequence i s synthesized <400> 17 Pro His Tyr Tyr Ay
Ser Ser His Trp Tyr Phe Asp Val 22%0%& ﬁ10> 18 <211> 11 <212> PRT <213>

Art Ligesl @ sequence <220> <223% B Xt synt hesi zed <400> 18 Ser Al a

Ser GLlnvA}s @ 1hl leeuSeﬁ'é Ao Jetr GK?LG'I&S@'IJ_%BLQU <210&1nl Bro G11)5/

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 25 30

Asn Tyr Gly Met Asn Trp val Arg Gln Ala Pro Gly Lys Gly Leu

35 : 40 45
Glu Trp val Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr
50 55 60
Ala Ala Asp phe Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser
65 70 75
Lys Ser Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 30
Thr Ala val Tyr Tyr Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser
95 100 105
Ser His Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr
119 115 120
val Ser ser
<210> 14
<211> 108
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 14
Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Ser Ala Ser GIn Asp Ile Ser
20 25 30
Asn Tyr Leu Asn Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys
35 40 45
val Leu ITe Tyr pPhe Thr Ser Ser Leu His Ser Gly val Pro Ser
50 55 60
Arg Phe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gln
80 85 90
Tyr ser Thr val Pro Trp Thr Phe Gly G1n Gly Thr Lys val Glu
95 100 105
Ile Lys Arg
<210> 15
<211> 10
<212> PRT
<213> Artificial sequence
<220>

<223> sequence is synthesized
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<211> 7 <212> PRT <213> Artificial sequence <220> <223> sequence is
synt hesi zed <400> 19 Phe Thr Ser Ser Leu H's Ser 5 <210> 20 <211> 9 <212>
PRT <213> Artificial sequence <220> <223> sequence is synthesized <400> 20

Gn Gn Tyr Ser Thr Val Pro Trp Thr 5
P2280R1IWOSEQ. txt

<400> 15
Gly Tyr Thr pPhe Thr Asn Tyr Gly Met Asn
5 10

<210> 16

<211> 17

<212> PRT

<213> Artificial seguence

<220>
<223> sequence is synthesized

<400> 16
Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe
1 5 10 15

Lys Arg

<210> 17

<211> 13

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 17
Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp val
5 10

<210> 18

<211> 11

<212> PRT

<213> Artificial sequence

<220~
<223> sequence is synthesized

<400> 18
Ser Ala ser GIn Asp Ile Ser Asn Tyr Leu Asn
5 10

<210> 19

<211> 7

<212> PRT

<213> artificial sequence

<220>
<223> sequence 1is synthesized

<400> 19
Phe Thr Ser Ser Leu His Ser
5

<210> 20

<?211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence 1s synthesized

<400> 20
Gln Gln Tyr Ser Thr val Pro Trp Thr
5
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