5 ANTI BODY PURI FI CATI ON BY CATI ON EXCHANGE CHROVATOGRAPHY Rel at ed
Applications This application clains the benefit of U S. Provisional

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

di scl osure of which is hereby incorporated by 10reference in its entirety
for all purposes. Background of the Invention Field of the Invention
This invention relates generally to protein purification. In particular,
the invention relates to a nmethod for purifying antibody froma

composi {1 oANTAROI S PREIFHATRONISY - AION EXGHANSH CHROMARQGRATHY usi ng
cation exchange chromat ogr aphy, wherein a high pH wash step is used to
remove contam nants prior to el uRpfgqtAiRldashted antibody using an el ution
buffer with increased conductivity. Description of the Related Art 20The
| ar ge- scal e, edtsmpplbcationicfaircathicdandit op Udi. Ermssiomi Batentntppdiastiongl y

i mportant pra for. t iqte |,ogy industry. Generall roteins are
produced by é&gg%l’ {ﬁ{?fig% @é&?@iéﬁ r&l%;hj%&?efét‘%&wd? H%TF&#%BP ed by |

|'i nes 19ngipRRNEintiR RHREHES afl BEpRERt i n of interest by insertion of a
reconbi nant plasm d containing the gene for that protein. Since the cells
typically used are |iving orgdiickpeund ¢lcthe Iaventiate fed with a conpl ex

grow h 25;@5 ky GB%%"%%;ning sugars, am no acids, and growh factors,
usual |y supp&re@ frompreparati ons of animl scrum Separation of the

desired prot ei miiyigmentibe rethist b0 t6 propau pasfidation.t b fahécute) ths insmstidor om

t he by-products of the cells thenmselves to a purity sufficient for use as
a human t AelpEp vt irethrss s parfapgpziody fomh e cemgesition srppiysthe giptibody
purificati r ' ~ e, | DL BaploRich do@ sk dhen st e 30
o expipos<iD AP lop it SOREpASATUGE bokE bl RurlePichioBla obe RGN O DB PE 2
directly fwasnstchés agldltoirahovd bmtguinags pdong dutongt the dedicd ;antbdigrisingraa made
intracellularly. For the |latter $r0teins, the first step of a purification
process i rrbopdutferithingreasqdeopdiqtivityni oh can be done by a variety of

met hods, includi ng nechani cal shear, osnotic shock, or enzymatic
treatnments. Such disruption releases the entire contents of the cell into
t he honogdkatregtioB atig Raetatadiditt i on produces subcel lular fragnents that are
difficult tor e due.to their s | ..size. These are generallv r ved
by, di Pher ent i ar TEafer PR aaBns, Payeri PEProBES 8 SuBERBeR el
arises, alghdtasi forte BiokBhdIBEy Haads. Gddefullg] frecidsirspotaieadynelicains, due
to the natural death of cells and release of intracellular host cell

prot ei ns jusing ithet gkeyasic ernprolargeted el Haefuerginsgredylg, produce theyjpeteiy of
clarified.sol ut. o F Ni i . obg:alned,
its separ é?tflg# ]#yrlg?ﬁ%ﬁ(ﬂigf; héélrgm%{rhg?tgﬁslgéﬁ%? g%fﬁgﬁe@[@égﬁeeﬁggﬁpﬁ Il%gel u';l,gulgllf ly

at t enpt ed thistdI t@pitfllycaneti snativivg @bardinhd, ehgninareofed tvadr aphypleechowtiues.
These techni ques separate m xtures of proteins on the quis of,th?ir

char g&5 d&efdaEoFOmIBING pHBRISc IO 8¢1ds and srguhy fagtorgi prusilypupplied from

chr omat ogr ih&S| Mih ! (bR ofSRE NicQfed! SRS HRED MHRSurcdbt OW ng
accurate @gﬁ?%w%ﬁgbg?nﬁﬁgé%ﬁ?#f?%%?“%n(gcheng ﬁb @ﬁe parti cul ar pfotein

i nvol ved. célmpowsisdat e bt eHs Andfrothibs dypephcatdfohe palshbetsselws thatpuptot ei ns
can be causgd.either to nove 15 at. different. rates down a |ong col um,
Coni ovi mg SATKiRE ol e A Brrepdiiic PPivs RGOS TGRS

_ | pass further down
the colum, or ptQ.-adberR pashefton\@lpYortifs ibS RARRER inARIYRE D onRE B t hen
differentially eluted by different 'solvents. In sone cases, the desired
prot ei3f | of seprassicmedf the protéinpSame prteinghean betvesadrtp beisedretsd dpeativifraalthey

adhere to the columm, and the protein of interest.does, no hat | t he
protei n of H AR8r} %tsmilrgmﬁi?@s glf’i’t“%il i Q%ﬁr%\‘ri‘vr-et W%%aﬁ‘a?g%a rfyi gtﬁr g%(ec agtﬁrge
chr omat ognaRbks,| the Firdt RIPNGH £ Piidfdition PRIFEY HUSvENBLis iof DA Whchusdd or
the purification of proteins. In ion exchange chromatography, charged
pat ches orfonhby surfigveofonethods, insluding meehagical dherre @SBYOHINESI UreB e

at tached 40,5, G QA RGFARDY TRLE o RERVLARG: Hewk OB 6 S PG Belio! e

surroundi ng on'I's generally achieved by 1 ncreasing the
i oni ¢ 35t r eAg@tif afditién peRInEkiCiubYlwgr fodfenichs thatf frediffioulc anpeicewiutho their

small size. These are generally removed by differential centrifugation or by filtration. The




25 the solute for the charged sites of the ion exchange matrix. Changi ng
the pH and thereby altering the charge of the solute is another way to
achieve elution of the solute. The change in conductivity or pH may be
gradual (gradient elution) or stepwise (step elution). In the past, these

changes have been progressive; i.e., the pH or conductivity is increased
or decrseas@fhe éi&)‘tﬂezﬁlaﬁ*ﬁése aﬂhd@ﬁtdn%srﬁﬁlléﬁ sBas,efith MNesctlyGed3Rd phsdein® ddel ib, 355,
6, 489, 447, 074, 404 (Bascy et al. descri be jon exchange

chr omat og rth?)h@ﬂﬂfdbﬂquu?f golls aad Ff‘é?%@%*ﬂlﬂd‘é’g“l%@oﬁbﬁ? b pfotqigssin ﬂ@)e qomserpp ghe

6, 333, 398, __an (Blank, G) describe purifying proteins, such as
ant i HER2 é)n&egld%?%%?mgéu%r otein A chromatography. Methods for puri fying
proteins, such (ageandlirifixdi mutlomcontamw;(thlaqmqmnodfrmmb@asdmhq obtamededcr i bed
in USApp|IcatI0n Publ i cati on 35 No. .20Q4/ 00820 S Patent No.
5,110, 913 seearaion figmpythe; ?té?rn%m%“aﬁ'iofi gﬁj ﬁ1 Caff a’(ﬁu‘égt‘:}ﬁl]éy §§?rﬁ?tie‘i) A8y @

bi ndi ng t he, R 1QQ§Y df-ff%re,%@ chl‘éﬁxaﬁ?gﬁﬂ)ﬁﬁg&hﬁﬁﬁésnTﬁéseQethfq%&s fparafe fixfures
washing at a secon .5, 'and  eluting the antibody at pH 6.5,

wher ei n t hd prowins et rtlaen@ams amf théie chaizat degtes of hvﬁ@sbohlmyee)rsﬁtl@ps%w@‘ﬁhu ns

const ant )ang et at refer to Q an| a phy
of a hunarfEEL?ff’%bng tfﬁ‘é?ﬁ i (e 6af\}gﬂﬁrf8r §% 83‘?‘%‘31%@6 App |c i on
for Human aeairhtléoﬁﬁoﬂ? fltﬁ@ LAAcdACRESME 1HaBE qpmmlas endted @olved. The
Bi oPr oduction, Cct. ni ch, Germany, 2004). Qher publications

concer ni ng?S&ﬂ@Cfpﬁﬁftaéh ﬁf f:h@ﬁ@ sapemtipnciliods (fBat etk Gas be 'éatus%ﬁ cither {8 9P ¥ h.
66: 1 |
and Féﬁr ner °J. e%%?rr%tﬁgfi %‘% 1%5§%0]5§88 E%‘g%%? Bh}?& @ @%)a]agoﬁ %ﬂgﬁcﬁg{% T8

15(1) : 14- kBey pBs fﬁﬂler%w@%@&btunhﬁ oza@éﬂmezaécmmy {BRh3 3&paBatibn rgahmﬁp 426
Bl: EP 556,083 WD 89/ 05157: 92/ 22653: WO 93/ 06217: St}{\o 95/%
96/ 33208: hamegbemdidgrentiplly efuted by gelfcrenysolyenfs dngame cpgss.hq depirgd gro eﬂiés US
2,112, 951; Qrititd& S pecifibiy althere WSt dodémm 2dd théS
5 256, 769> atgd%%% %‘g‘%’m’ugwi?%%, 7 6““usp§m451y6626reus 5 525 338: US
5, 677, 171 groteka of i0BsiQdEs nddSthet i85he plgin S nETdbp B, pEaent g’ ﬂ@@?thgssh" us

6, 339, 142; US 417,.335; US 6,489, 447, Adachi et.a Jour nal .
Chr oma#)ogr aphy%l}l\ex%%%elc@?m%ﬁ?g@@h{' ot © @@maiwm hm%ue ﬁ% 18 C%I?n icati on
Tool's for Nopgeh nfﬁaﬁéx{a@pbrst%msquwaxcﬂajkgedﬁcﬁﬁm&gr@@m m@e,d alfled diC.

Chapter 4, pps. 57-86 (1996); G af et al., Bioseparation 4(1): 7 20 (Feb
1994) ; Nhahe eurice aff thalslwtaare airachd byrappesita shires atvhe) tozaz@:r%&tog@ahw 21,

1995 Nei d dt J | of 2
1995, N St RSB Y AL ERN P 0 A OiP)
Angal , | RlacRic@sSbpiisreadipd thk56nic L8O RXh (i20t@tduetivig) oﬁmedhﬁbktoafonﬁemomﬁs

Chromatography A Quide to Qptim zation, Scale-up,. and | idati on San
Di ego:2Acadbepupripgthe ﬁb%fge‘@ig:‘f%@f(dl@@‘?)ex"l’fﬁp%%@ﬁ%ﬁkgh%‘f@%& hergpy

Chr ommat ogr gphy %167Qf9&%€) of B ddtfie (EQRotR 9 Qg)achlg%rr@iﬁﬁé/n of tﬁtf'&)h!tt@v'?ﬂé I on
The i nvent’ on hefeln CORCerns an i npr oved Tethod for cation exchange

chr omat ogrehpipe iafcoadictibiogoesH inmywei gridual (pragiienp Hum)mrsstepmses{stqs eldtivn.
remove 30 contam nants prior to eluti n 1 he de@v@g bOd\éf pr.oduct, The
process rda(hg gast. éh‘i?ﬁ@@%ngéﬁ hte bRt REE ?1ﬁe’| It is tvpsed,

Hanst er Q’cﬁrd)écx%és%?d{t@mél ignont am nants. Accor ding to a first
aspect, the it nvention provides a nethod for purifying an anti body froma

conpositt i on corﬁﬁ% |Pstcngl\tolae6,é&9 il‘ﬂ)bc@‘ib?r&ﬁﬁaﬁ 438447, m7a@6ﬁﬂﬁ4ﬂ(ﬂ%ﬁﬁf et whi ch 35

nmet hod co s t he quen ste | oadi n th-on onto
a cation g?nnﬁi‘ é‘?gﬁa e&’éo??%g%lf‘?l%o YR tl @% l[ Iﬁ% 5(b)
washi ng t t'69123}6;’&2608 38X 99@&9& 6ITBY &1 1t aB1ak A AeskiibSh B phuéﬁagrsucai as&,nﬁH
which is greafer than that of t he conposition in éy wherein the pH of

the first HERP apilofdas, bssPlfontmﬁnAa@wnateglaphso Meads Br gurifying massnych Ae
Chan t har DR0gHs” Py pt Bchhd ol B6R00y 85 BatHh (8 ABpREMESl il °05

t he catsi om@mb%g@mterl al with an elution buffer at a conductivity
which is substantially greater than that Qf t he i)egond was h buffer

Preferably the dntrisaehiont hisORuriss tempoLyiagamantibody i ap aaupous Splubpm by
human vas Cl%'ih(ﬁ{lg ﬁ{}da%%&;l @lan95P E‘ﬁéﬁaﬁg%%ﬁﬁ nev-es Q)H oFUGD ﬁ%lﬁ@y%eédﬂm{
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15According to one preferred enbodi nent, the invention concerns a nethod
for purifying an antibody that binds human CD20 from a conposition
conprising the anti body and one or nore contam nants selected fromthe
group consi sting of Chinese Hanster Ovary Proteins (CHOP), |eached protein
A, DNA, and aggregated CD20 anti body, which nmethod conprises the

sequentsi alofst Bpsd @hitingd Aeintibeag angH e vierposictibaio seaigh af ¢atsommioaxchange
mat erial wherein the conposition Is at a pH from about 4.0 to abqut 6.0;

(b) washi ﬁaeﬂehtbrc\@ IS TCBIBH AAFEAN LA “hi TeH! 40 (4 PSPNRSh HeR FEaBEC 2 pH
from ab OUt ﬁat&%r e@gp gf gh%n% t1bo Zhat(%}:t washh NdehB@ns E@Hr&ﬂat@%ﬁﬁl%ﬂge

mat eri al t a pH from 25about 5.0 to out
and (d) %pﬂicmg)ﬂ h&naerﬁmdyAhhbnﬂyt hurdfmaiion BrocksaiigePasir epiabntedi ay an

e 11O UL 40, SRISEISTARSH a0ih? AR o SR Befonshehint

rituxi 1fﬂﬁb ngﬁﬁ‘i'f@&1&nQnélﬁ8é hetnRbRE ef 4red mpRedicaents. 13che999)VeRhk el
rel at es t purifying an anti body that binds human vascul ar

endot hel | aﬁzo@pmhnﬂacﬁfo? 1 (A0GE Y oflmenmad Ednpash EromaseangPR4i7TA$5H(RW04);
ti body gnd
of & cel | 1001 9t Shelra LThLRD T 63, SRR MR R RS, 1O

Proteins (KHGBYA2ONA; Eprabﬁogmtmr@mwaﬁcvmggz/emgdww%om; bedy
whi ch net hod conprises the sequential steps of E§149ﬁ| oadi
;

h .
commosi £ | GH/BAES. W A613R0% Y Raifa0ssat LIS A7 Sl 68008 Boi%i s a

H fyr. t |
R R e (L

washi ng t HeS cR2Tw8L3exich anded, ied; etiBab, 40 ,662;a USe 6 536,308 s RIS ufe7én 7at;, AISpH

from about, 50008000, 81 %s2 sa6. s 6D SR B8 BRI LR L8R the
to about & &koand. & 6NIHEL, %u%zt)f@%%%aﬁ@ 11076300y T%si@i@%m&scmwn

Preferably, the VEGF antibody is ‘bevaci zumab e invention also
concerns aGacgnnqucfSJE’urgfwaawr@"o@lsfargﬂ@mcmﬂhé@lhOdIea M@@Va riHgsynigmabout

25mV HEPES, o ab ition 0 ovi des
a conpusit %ntcé‘%’g'h sPRY %}] é/%é}%@mgrﬁfnetaalb ?SeFargg%rl M‘?Eﬁéb ? 9%

- MOPS at a fhiRd e:%lpomur%ai%f Chpoib@lapBe g cor@ien2ef (Juher, D@&s\) n@sdhardt et
Figures |A and | B provide the amno acid seq2 uences of the heavy chain

(SEQ | D Netl., Jyuraeld/ (Gheivatesyaphy $8E0):150-2d. (YD dtrotein fumiieyondoplasdgns ach
O e | [P0 030k S PR P B, PR i, AR I
chai n cons@ibosie gyeRereanCrhvm@ogiopppad i@iide cdnai)mmmmmanfcamemé The
e o s Tapeiicy 1990 NOEU Acoiaus BErsE AR PPy Do Shrismke Fealcehe sl ) ooR
(50 15 NP Rt S TRETE 8 PGP R s (580 1D No. 10y
25Fi gures 2A and 2B provi de t héSuamharg ofticduwagoences of the heavy chain
(SEQ 1D The invention herein concerns an improved method for cation exchange
chromatography of antibodies in which a high pH wash step is used to remove
30  contaminants prior to eluting the desired antibody product. The process results, amongst

other things, in improved removal of Chinese Hamster Ovary Proteins (CHOP)

contaminants.

According to a first aspect, the invention provides a method for purifying an

antibody from a composition comprising the antibody and at least one contaminant, which

35  method comprises the sequential steps of:

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

composition is at a first pH;



No. 11) and light chain (SEQ ID No. 12) of bevaci zumab anti body. The end
of each variable region is indicated wwth Il . The variable heavy (VH)
region is in SEQ ID No. 13. The variable light (VL) regionis in SEQID
No. 14. Each of the three CDRs in each variable region is underlined. The
sequence identifiers for the CDRs are: COR H (SEQ 30 ID No. 15), CDR H2
(SEQ I B No. 16)(b) @Qﬁiﬁ@thé Sﬁ@rﬂ e&chh}.ge h?a)e,naCﬁ)Rh laiﬁrétSE{'sll birfdicat a p) whicbR L2
(SEQ ID No. 19), and g g pr0|dsa

si de- by- si de ccﬁ?fé@ftgﬁhthétf"fﬁ %?owslﬂoﬁr%ﬁ‘& W’éer?’ér%‘?/%ﬁ{ ét‘ﬁaé iPgHer
exchange chr 0”%?1%1%9&@%‘9&%&95 the inproved rituxi mab process conpared
to the original process uperi or CHOP renoval was achieved with the new
process. 5Det dk} wekhDeshe cq:ttanmxclm‘nge eteFipkef g o ectomirbosh bdfar 2Depkl nihi¢hons :

Herein, numerica unts faced by the term "about" expressly
i ncl ude the exé&i63§§ﬁgg1369 “f?ﬁmg'ff?e& %armunt The "conposition" to be
purifimed herei ;{d}?aﬁi?ﬁg 88 SntiBSy2ich RRIYa10h ckéaBpEflteABwikh af RRstiGh HIEEES
contam nants. The conposition'nmay be "partially purified" (i.e. having
been subj ect ed at oacwedetivitprehigund subsentidly greetps hagr thaagf e sspend wath
directly from Bost cell or organi sm producing the antibody (e.g. the
corrposi tion ma@’ r| se harvested cell culture fluid). As used herei n,

"pol ypcptide" meéferslyodpanabddy tszﬁdsomnﬁmﬂeme,n@c@ ra® trizintimab,aon Irigdslsomnmr e
t han about ten am no aci ds. Preferabli t he pol ypeptlde is a manmal i an
iy

protein, esempresdeheliphgionth felad¥ECFAPH: aspegMHhor none, i ncl udi ng
human growt h ho , e ROML ANGeth&d €8S NO
fact orlg par at hyé%@gﬁ%%r@gngggﬁ?ﬁl—r o“ﬁ%@?ﬁ%@% Ir?ggﬁg}rgngbﬁe&ﬁ}l po;e)r ot el ns;
al pha- 1 - ghikifiny pai Mitibods Uhatnbidde haman CD3WIffam B composjtigpr oompiig the
follicle stipulating hornone; calcitonin; ({/ t ei n| zi ng hor npne,;

0
gl ucagon: @fibedyi #y PuEceTOMETeS tRIAIGaT(E selpde Pﬁnd ¢ e boponsiRting pg gﬁ’éle‘f “act or,
and von W An@é?éram%f BichOhs (éﬂbp)clléat:ﬁédngmft@&w DNAIC Bn ASipBlepital TI520
atrial natriuretic factor; ng surfactant; a plasm nogen activator, such
as ur oki nastbaty, Whrmmanhadwnmnscs®swls¢pésfpﬂm§m nogen act i vat or (t-PA);
bonbe thro 0| etlc rowth fact t ot - al pha
%@t a: g(j&’lg(i)z} ?l} ecb (fa% &4t P o1l exc gteﬁz§5§vhgr%ﬁx

and enk on At atl on nor mal y

T-cel | expr ess%®agt1§@gr@h@@ﬂromumﬂ 4reeabphage | nf | ammat ory protein
(MLP1-al pha); a serumal bumin such as human serum al bum n

Muel | eri an- i nhi(®) Waﬁgng thsseagine exclraapa siaterial wHhjankrst é’lﬂ%&b‘r‘fﬁg o g ath from
prorel axi n; nouse n-associ ated peptide; a mcrobial protein,
such as bet a- Iacf)%%@%10 %Bkéﬂ) I gF; a cytotoxic T-1ymphocyte associ ated
antigen (CTLA) (cﬁﬂﬁdhﬁﬁésth@hﬂbrﬂexchﬁﬂgebnmeﬂaamﬂl\a sepondosashl lanffeB8 aspidl dohel i al
grom h factor (VE a% rece tors for hornones or gromh factors; Protein A
or D; Z8heunat oi #oHt QH’r@Ou He‘ﬂ’rdotrophlc factor such as bone-derived
neur ot r ophi ¢ f i) LB RPGiBA Bxchaflue mBerilustd daNFrtda el
NT-5, or NT-6) a(gﬁcfﬂltaltlg erv shib ﬁhf act c:r succﬁé%sm &ré_ 11;39111%& atuel eﬂt derived
growt h factor (WBGEpH ﬁmthbbdltaf's@ tagalemt h. Ofcmdtamondmmmﬁomuaiwwb&@ﬁt

epi dermal grow h fa tor ( r or factor 35 (TGF) such as
TGF- al pha and 14@9“@ P‘i‘%‘éﬁ‘%ﬁfi ﬁﬁﬁﬁt‘?ﬁgﬂﬁ ’i“i%‘% TGF- 433, TGF-134, or
TG--f35; insul '&%olrcﬁﬁ‘g Q)r &Mﬂér hRSE R -chRARent, thd ln%ntion%gtels @ a kdeltiod for
des(1-3)-1G--1 rain ,insulin-like growh factor bindin proteins
(| GEBRS) : @ijan@tuemmmé]adht hmds:mgnan Bsaibar, ¢ cilmwvthrﬂ@pt@mﬁ’@(} F) from a
erythropoi etin;..osteoi nducti L Munot oxi NS enetic
ot ot 61 SRS pRpEe o SRSk dnT ok Y SRk S dRinRe SRS TRARRETT
col ony st 'gfhkh;’i&dr@ﬁnﬁg?lﬁf Q1c811 CLIRITS neder @)mpo%@sgara@d]mm@@dlﬁs%@vary

i nterleukins (M), g., 1L-1 to IL-10; superoxide dismutase; T-cel

receptors; Prgi@rrﬁa@i%hblﬂﬁﬁe Yirsbteonainanscand asmepsechtY ol raatibey: Whichy)
antigen sugc for e rtion of the AIDS envel ope; transport
pr ot ei ns; %H?‘?]E;O Ce @%gg&uenggr%e s?ﬁs regul atory proteins; integrins
such ag CDlla, (@P]l()a\di)ﬂ GhY. lympfoblliSn  @to | WLONLeﬁcHar@Idi@AM wéheteitmuhe
associ ated antigen suc %1 as HER2, HER3 or HER4 receptor; and fragnents
and/ or vari ant sCOfoPO&H?ﬂé)'if&ftaﬁ’@ GomvEor 4l BdPpEIGBept i des as wel | as

anti bodi es, inc i

above- | i st ed po(ilbype%}?ng pazl(z%Sef’(pre e?‘?‘%’ 1&3%%%{5?3\@@}??@% aft%f%% from
anti body or an anti body fragrrent that binds to human CD20, for exanple,
rituxi mab; or an intact antibody or an-hntibody fragnment that binds to
human vascul ar endothelial growh factor (VEGF), for exanple bevaci zunmab.
A "contaminant” is a nmaterial that is different fromthe desired anti body
product. The contam nant includes, without limtation: host cell
materials, such as Chinese 20 Hanster Ovary Proteins (CHOP); |eached



35Bi osci ences). A preferred cation exchange material herein conprises
cross-1linked poly(styrene-divinyl benzene) flowthrough particles (solid
phase) coated with a 5 pol yhydroxyl ated pol ynmer functionalized with

sul f opropyl groups (for exanple, POROS 50 FI'S (r) chronmatography resin).
By "solid phase"” is nmeant a non-aqueous matrix to which one or nore

char ged | i gands;peais. aahenet 8.9he solid phase may be a purification colum
(including, without limtation, expanded. bed, and cked .bed col s), a
di scont i nuous pBhwashys F saticn exchenggapaisrial gdth aaseﬂgﬁb‘?’%?ﬁé?}’ﬁg? aty R%P%et c.
Exanpl es of ”HH%BL9§§uf %u{@b ];ag the solid phase include polysaccharides
(such as agarosée and cellul ose) and other nmechanically stable matrices
such as silica ((peclgtingthatantbddydreotie @lias s)chammsl y{tetial nsing-adielitiopbbErzene) ,

pol yacryl am dc, ceramc particles and rivatives .of an f above.
The term "I oad""iepr 8ffroa pey %‘@t‘l ﬂ@%gﬁﬁ&éiatcioﬂﬁuqt%%gfagbﬁ{%} {tﬁteo E{g’gﬂ on
eXCha,nJg)e 15mat efgogls/enl! Fk&EN Mhe VREFGALATY i¥shanGaabRt erial is

i

equi librated with an equilibration buffer prior to | oading the conposition
which is to be Therinférdn also conggmishafdogposifien gompriging JHUEHEP Ped bytier
changes in pH by the acti its i f- conj ugat e conponents. Vari ous
buf f ers V\A‘ﬁOETWr aB‘émgr%rBM@@%ngeﬁtedrpyHg?b%?(?)f'&exarrpl e, on the desired pH of
the buffer are jdeggfiibhede iifvdiibh Pisvided Lrirti@siton doRprifingayatiiimmbainc: 20
Use of Buffers in Biological. Systenms, Gueffroy, D., Ed. Cal bi ochem

Cor por at i dniffet oBjrising about GPBisbr BHi ARG Oer " is a buffer that is
used t% equilibrate the cation exchange material, prior to |oading the
corrpos]i tion conprising the antibody of interest and one or nore

contam nants onto the cati onBexthesetptioradfahé Btawifsef erably the pH of the
equi libration buffer herein is . in the.r an(gi from ab? t 5.0 tog_g@%ﬁ@ﬁ. 0,
preferably abodtigwss BAgnd pBgreyidehy anipeadd AHERGey © é’e&feaﬁh@a i ration
buf fer hergi nyi g4l i itukintdd EOdy. SREALCH the Fehrmal! v
from aboutﬁéé)[ )oﬁlgbl%% @gar%g?%@ I?ngmn‘%)g?p%r%f er abl ]‘yr om about 5 to about
8nB/ cm  OpkiionakiFR/1-41 hed egehi bf bireaCDBN rdgirfnb CDRInPr inseashavasiable regige s
NaCl, for exanple, in an anount fram about .40nM to _abaqu r ably
about Womvdseined, afodrpdhs Ry &%@Wa@mag*’ 1L RISk ?ﬁee YETR %@%aglr %ggt he
buffer t haﬁ%ﬂt ShARSSRAPYSfuchhie TRt VaeRbIRHeDANTRT)TBSiSH iivin SKI) IDWG. Thadi ng

of a conposition and prior to elution of the protein of intereélb. The wash
buf f er mayvasiebledight(Vlemegien wria SERQ WbNe- 4 ohreassilvrane Klontilir fardhcGPRe A

exchange rial i u t j t 1 aphi y
roduct . ARErAF FECE AR Sy RerR PP oo SRR T IO SERA NG IACRREY
"first wasipoufif 86.'8)200RE BEEERIPNG. skl ODRISI(SEQID Nsdd). Her ei n,
the expression "first wash buffer” refers to a wash bquffer g%\/i WH
i ncredded rel atliigees dAwend 2Brprovide M anyag agifl dpaenesy of Fedieaty b t” The
first vashypulfhehg RaliaifGsERRH RR! 8o lof BeilitlBa BRIy MR GRNEALRANt s

fromthe cation excirange ma : out substantially eluting the
ant i body pys@dbetregibn isrindicasd withdr eThowmriailedeter(VDregion s is BEW & Not13be

interpreted as excluding.the use of 0 addit i onal or ot her
buf fer o bel osrbleisad L Pnes 1 SER TSR PhrpER SshEARbe FEIE Rl o1
the first yvxgi;i}ze%%gﬁ fs Ltﬁgﬂ%igdilghie QedubfcdiBAaRici BB s fe8CDR IRDERQ 9. O,

pref er abl om a about 8.0, and nost greferablg &E@about
7.0 or3(pH HbBut 153, BDRAZ(HIQDD Wo. fl bl CETNHB EBEQIPWof 7Y, KOR Lt SEQARIMND U f er

herein is | he ra r om ghout t /cm preferably from
about 0.1 %ﬁ, éfiBgJ'fz @%@’moaﬁ;ﬁ’ Ws&@iéf(glﬁéﬁ@;l\t’?? n about 0.2 to about
2nb/cm  Opti Onaﬂ?iklyt\e 3 hevides 8lsidvasisilitdrgfarisen SURSE all pditdiys fehealddy esal t
(such as NaCl) therein. The expression "second wash buffer” for the

pur poses ofativhiesclappe Floamosrapby eroscssef 1 WnRRsH Thwrimsp plecse Qpiarediife
first wash, buffer to prepare t ' ' f ution of
the anti bod§ °8E‘%amf8?e§§-t P! ?ggﬁﬁ%@ggg%@%ﬂgﬁﬁﬁ E\kg{h%%éwipg('gceegbr eted as
excl uding the use of one or nore additional wash or other buffers between
the first wash buffer and second wash buffer. Preferably the pH of the
second wash buffer herein is in the range fromabout 5.0 to about 6.0,
preferably about 5.5, and nost preferably pH 5.5. 20 Preferably, the
conductivity of the second wash buffer herein is in the range from about
0.01 to about 5 nS/cm preferably about 0.1 to about 3 nS/cm and nost
preferably fromabout 0.5 to about 3.0m& cm "Elution buffer” is used to
elute the antibody of interest fromthe 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 material. Preferably,
the conductivity of the elution buffer is substantially greater than that
of the I oad and of each of the preceding buffers, nanely of the

equi libration buffer, fhdtsitediBsbripithfethe BrofdrrsdEmbddiveat buf fer. By
"substantial |y greater” conductivity is nmeant, for exanple, that the
buf f er hasPefild¥sictivity which is at least 2, 30 3, 4, 5 or 6
conductivity unid.s-( ] G GORP OghdiirORxEgspuf T er
to which it i sqg%?lﬁ’gﬂgggn%@;} géfg%% ﬁfro%]e e%g%?&aﬁgé\tb?h?ﬁe&gﬂ olf)&the 1gléu'?s{'lon
buffer is iscdbdd thnekat Fapgt bieexpamunasicalvmouvof. t he equil i bration and/ or

second wash buffer,. Preferab t he. f the elution buffer herein is in
the range from OLﬁomé’.O%}g?‘b LY%‘B)?JP“%@%‘ Q‘H‘r‘lgfcé’fngﬁlf’v Lﬁﬁgﬁﬁbqﬁrﬁﬂg{ﬁﬁsﬁ%

pr ef er@bl YorRKr Sacze cHHiGHhREAR! Yhe dddehosHRiaf widyi béi“pyrtiefly phieficl ylé eaviaphbar 35
herein is in the range from about 10nS/cmto about 100nS/ cm preferably

f r om aboutsubizated emeneor e pudierSoe siep e mes de opedrd daptly ffymahaneei on2 t o
about 20nS/cm. I ncreased,con IViLy achi -1 h it | of a
salt, such &"ERA U T t(])lF i "}:ilglgga%g%‘%i Lhmrga%)c %3‘?%? ‘g%fg‘%l? r&%% g%rlé%’?%ddléa{]o t he
el ution bufltese fhifdef erably, the elution buffer conprises fromabout 100 to
about 300nM NaCl, preferably from about 150mMto about 200nmM NaC% for
exanpl e about TP5wiv NN o wolBERItdeT gBiF Aglerally to pepiades andeprotals B Huf f er
may be.us (A EninD iR 90NN MBI RAS Bl o SHSTARArditingan be
re-usgg. %ﬂ%&ﬂg{é{g%@}gt@on Effcer hasea gjgnductlw\}?t_y an%j/or pl-i aspr .

10r equi r eckxtmples b whichubsitda treh] g gaivith o] maktisigdwehan psovatht iopodye of
interest frgmthe cation exchange material . . he term"conductivity"
Fof or ot o FHSHET FEY b RoRo g FTUD RETET SHer e SRRt A B LA FIeg:
current b@%%%ﬁfbtimaﬁllg%ﬁﬁ&@? SpoprBrefiR] MphONantthPsaUink@R Afdhesinbylin BN
transport erefore, With an increasing amount of ions present in the
aqueous saihain; oproinshidn;s dollickeorstimslagipg | boanasea gsicifren, clyiinieippy hesmonthe.
basi c .unit .of neasur.e for. conducti vi i e, S [ 0

(ns/ cr%;(5 aﬁ]i‘éf:ag%lﬁ %I(e) i agaﬁtroé% Sﬁéi} naﬁ %@% n‘?dﬂfcdt?i {/aﬁogr%néttgsg?e sqdﬂcg v adsmv‘é?l} ous
nodel s of Wlic®rndo Raus! hi-tipitingtfecters stk ae Pedteia tC; altrydl inatrivoatauiatton ity | s

the capacity of ions in a solution to carry electrjcal current, the
conduct i visujfagenta asppSRRINeEFIRELVAETafuch rasdBYINes g B HENG OREBMHSTERY on of
ions therejn. -For e . Nt AR : [FiaTo B ToT=Te1 N
and/or th 1%61%5%?&%&?%%@&15@2%&@%%& éﬁt’fé‘gg’r %%mgﬂ(ﬁgt}(?ggﬁgodi ar’n ace{ ate,
or pot assinsoreshl Giciada)phianatdebaa) unkamahieage;b & ANTES debgulatadr dor attyatigrthi eve

the desired conductjvity. Preferably,, the salt concentration of.t
Vari 008 bUTRBRLY 1 Sclhsprised ar) ey BT Hb T aeepAgh T B Pren (P-

"purifyingi,@haant iRRY dHeEhAsEATROShihAD CREP RIS, MEIRA BRbBiignd one

substance; relaxin A-chain; relaxin B-chain; prorelaxin; mouse g_onadotropin—associated

peptide; a microbial protein, such as beta-lactamase; DNase; IgE; a cytotoxic T-
lymphocyte associated antigen (CTLA), such as CTLA-4; inhibin; activin; vascular
30  endothelial growth factor (VEGF); receptors for hormones or growth factors; Protein A or
D; rheumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor
(BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or a nerve growth
factor such as NGF-J; 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-83, TGF-p4,
or TGF-B5; insulin-like growth factor-1 and -1I (IGF-1 and IGF-1I); des(1-3)-1GF-I (brain
IGE-I), insulin-like growth factor binding proteins (IGFBPs); CD proteins such as CD3,

-6-



25 or nore contam nants is nmeant increasing the degree of purity of the
anti body in the conposition by renoving (conpletely or partially) at |east
one contam nant fromthe conposition. A "purification step” may be part of
an overall purification process resulting in a "honpbgeneous"” conposition.
"Honogeneous" is used herein to refer to a conposition conprising at |east
about B0%OR4WEDGNCDOD dndeCBAd; bydyoeictinnbeceisdyctivaSedooniB@uiwoahs;wei ght

of the conposition, preferabl least about 80% wei re

pr ef er abl yPORf YR qgegﬁwro%%/‘sﬂ\a%%é“g‘ﬁ{efé C&rﬂf’ ﬁ%ﬁ%?%?@h?ygg? st
about 95% by, Wi Ghbny stimulatBY fRIdE @FFsp BB eoutSE ! oncoat | 4y exclange
material IS meant e%osslimngatée nol ecdglgesfqg?he cation exchange nmateri al
under apprioripatios (badictd. oHs] (tpHLal/soperevdd domiuidsey Y -cskidhcopiat; suiace
nol ecule is reversibly inmmobilized.in.or on.the cation 35 c

Tater i al BYCURPRG SO oeaY (T aats Gorp ot EnRh et e f cOaRRR, «
char ge@ griibomdrlofChRN @aDSY E@stbﬂlﬁjepftrinbﬂ@orc afrbeihseXohing ectoptoes;i addresshisy
"washi ng" the cation exchange material is _neant passi ngj8 an _appropri at e

buf f er t hriegij#tonr proteéns; teeroa sidhasekPhih & Wi ER1As, CDTS, andGAMy Y4y a

nol ecul e (.40 A (o] ] t C N materjal is
meant to rofaveAthe” Ries i ARMEMRRA el 1O P I F 4 e

i nvent i on, frdghen&nindie dyiritras e apuof theetdbohetfisted polypeptilies aewelits matitodies,

anti body. A "reconbi nant. anti body” is one i ch has heen produced in a
host cel | ifftPeRE h@%lbﬁ%rﬁagmﬁ?fé’f g’r“ﬁiﬂ@ &t %Yﬁsﬁ“@c? é’He'aFfFﬂ Pﬁ’we&l‘g“ac%d
encoding thera0f 1#}1 f'dQ s B QRS %ﬁtiﬁd"m? @l AAAEYdyASaginen® Sidt Bin% tRIFRAOgOUS

r econbi nat’i on. ormation” and "fransfectidon” "are use _

i nt er chang@@a, yort examefegrituxomith er pr odas snidfody pt posntbody fragresréitket Hwidgtd nto a
cell. Followng transformation qor_.tra ion, the.nucleic,15 acid may

i ntegrate l}uﬁfaﬁg‘?ﬁ%'?%?g‘?o@]@} gﬁgﬂ?}%{or g? Eﬁ&i} for gxapp %sb CERIZED 2 e hr onpsomal
el enent. The "h@stof@hinant” i¢h udesiabthaels differentnioth thod@Red artibbiiyp@das. wel |
as a cell within a host animal. Mthods for reconbi nant production of

pol ypept i dé avwaniment jdsbules,nwithowatimietion . host sel matgrialpxpichsay (hinese

i ncor pgrated hergin r ef a1 : wvard@ants of. ‘tapi.ng acid
sequertle JarTae OvBr HokaTRtET spdisaTHAGR! & nibigAlend vaclh, FAPROR.
cConpri ses @preailcN @givatieeatercaestted faatibnly; fanatheit pralypepfidd; handetoaint ivigl

pol ypeptide. Generally, a variant will possess at.mg%éggﬁence

i dentity, Gomemenas) opllspityre modiagouponeRiéns et (1F, ably at
least 95% Seduenge HeNhEYn oRdh RkcREEHERADLY, @llid ARSE 1R8N ResueNse
identity with the Rative pol} ypeptide. Percentage sequence identity i's

det er m nedthafoed ask Anyfiee, catiynstfheefehtugde veith citions iRrapagquddas bolutderaphssedaiver 25
USA 80; 1382-1386 (1983),, version of the al garifthmdescribed b ed| eman
et al 25 3 OFifovE) O soxbphass. Mtk gy b LRI YR RGE PR B REeET L o
provi de f g HRXtdHE HAAIRLY - AByQvakhf liBRAEE NORARERNES iDhddition, the

pol ypepti de nmay be prepared by introducing appropriate nucleotjde changes
i nto DNA erheqgimay i ipbérgpapenoty of the 9jidpbpici (de. &yin thsewbsfor silich Witeh ant s
i nclude, for exanple, deletions.fr —and/or insertions 30 i r
SUbst ¢ ut (s oP B AeHES ii CRemr iy atCEceRRn ok} faethe

pol ypept i dgqigfie i %@Jo%?&neﬂ{yl;eema&l, nag hRIERMOMIS| eniBxm, | REgidpkapyl aBH)
substitution Is nade to arrive at the final construct, provided that the
fi nal IWonsihmustilipdssegsese (dre SESHRTRAR ORETHN TR I G SP-SERLARORS et

chenaes oo o SEhRLS AP PhnBORSERSERS, lo 16c SRLLRERY, .
post -t ranség};x@r@dm @fl&oﬁ‘%ﬁﬂ hféz,tFI@_ TOBHIUES 3T FROXYIEGE LI EOfITg @M, Agd and

| ysi ne, phosphoryl a no ydroxyl groups of seryl, threonyl or tyrosyl
resi dues, FRAGYDRRESFM of EMAe Blesni).ncutphouys imindbilgied e on apgirsanelegnd S-

hi stidine side chains (T.E, i ght on rotejns: Stru ecul ar

5 PropertﬁQQFLMRﬂSEFfééﬁhﬁqéﬁ&g%,E@%ntﬁféﬁﬁﬁb%ﬁ@=ﬁﬁd gy?gg-?ﬁg%g?§$8H

Met hods; f og; ti ' b HENE em¥RfikiaRtinO borRplip eRbisdpkedr e
descri edq$ﬁgﬁéﬁ% fe%?lﬁgkﬂg?g%ﬁg%%%? exprg§§?§ P%%or%%rgied herei n by

r ef er ence, pdigstyenaniptieylbenzene) Thow-therugh" gatticles dysolids pbesd ¢oatadhevith oadest
sense and specifically covers nonocl onal antibodies (including full length
nonocl onal anti bodi es), polyclonal 10 antibodies, nmultispecific

anti bodies (e.g., bispecific antibodies%, and anti body fragnments so | ong
as they exhibit the desired binding speCificity. The anti body herein
is directed against an "antigen" of interest. Preferably, the antigen is a
bi ol ogi cally i nportant pol ypeptide and adm nistration of the antibody to a
mammal suffering froma disease or disorder can result in a therapeutic
benefit in that 15 mammal However, anti bodies directed agai nst



30 the i mmunogen. Such cells can be derived froma natural source (e.g.
cancer cell lines) or may be cells which have been transforned by

reconbi nant techni ques to express the transnmenbrane nol ecul e. Exanpl es of
anti bodies to be purified herein include, but are not limted to: HER2
anti bodi es including trastuzumab (HERCEPTINO) (Carter et al., Proc. Natl.
Acad. §ci g 131%9 pé R8Rr 4228044128 JvithUuBoprBagl emoupbldfor Sxataple SBOR O&nd
pertuzunab W01/ 00245); CD20 anti bodies (see below); IL-8
ant i bodi e§0(fﬁ®@blf¢ma@tgr yres@hest, 103: 932 (1993), and International

Publ i cati on No. 6 "~ S$aroed

i ncl udi ng humarﬁ'yz ﬁ?or@a %/I'nf:tl%t:i}&{na uresdm\g}é%:%gﬁlél%gg?ggggﬁéch ags t he
humani zed |yekds et adheﬂty Thel Adli® phasbaniac bz i ficAOASTI NG (mnhldnaniv%ﬁh%inab

LUCENTI SO (K . Gowh F 53- 6 |
bubl T cat | OWrkasomyE IBdotsem b Ksaisn). s TLRGHS Eer T og)
PSCA gt | ;)p%%llj%% S\Me 1‘%3819 Yt 12ROt SerialClod Gbm@n@ HRl dotid rphibse

( RAPTI'VAO Pat en 10 5, 622, 700, WD 98/ 23761, Steppe et at,
Tr anspl antindlidd pol4sadeliarifidOish aaragarbmmmhmlluéctsehand Fthanmschanically ghble

58: 377-380 (1994 anti.hodi es tha cIu
( XOLAI RO) U(lal(ﬂfl%f'ét )é‘?“é]t ag¢ St (RgnrienYs ‘?‘g - 85@%6%% éﬁﬁ?%?n 121 onal
Publ i cati 1049 %ér%gﬁca%arﬁﬁef deRtviBes 5f a?r%f:ﬂi’a&bot.rﬁs ued February 3,

1998 or U at nt NOo. 5 313, issued February 25, 1992, V\D93/h04173
publ i shed Mar chi, terh®08ad IS ein 4fpnsde quoﬁﬂ?&ﬁm%éaﬂ%?‘i‘% fenggtion exchange

PCT/ US98/ 13410 fi 30 199

2t i badi edn e Pt BN ooisd SFeentF SR o Mgy Cd Jyofl cqlftion |
97/ 26912, H%Hla}pﬁé}qélobuingt@eoﬁ@gﬁmnm@@tam@pﬁm anti body antibodies (WO
98/ 51793 published Novenber 19, 1998); Ti ssue ;%Ieéy gle a}géw)%“ bogl es

(Eur opean Pat emt "Nofferd iy golgg iyt &isﬁﬁ‘t SHOBEVE i3 poid bgse
integrin antl bodi bl dbpdingl 3%k R
ant i bodi es’ Fjélgate cgﬁp%ng{éggﬁéﬁﬁﬁngﬁ%%ﬂ é2{l2ﬁg%ae§tﬁ?body ce%nt%m mab amﬁl@]:
ERBUTLX( 1 )sSthi del¥od Q61 QR4 Bufifertald désedbdﬂeoéimﬁem AGuideyfosYhe Rremvation webi es

such as OKT3 (US Patent 515, e 19 Tac
ant i bddi esU%uf{f ﬁ"“ﬁ%”swl"é‘igica(‘(é}’ Oé’ng %@m&m@ he)'m?\rg)ep %%g &{5%
5,693, 762 i ssu %gﬁfﬁ'ﬁba%n %uff&99§a buER4nans iRad eguisbiek thscdtion egdmaﬁgaz
anti body 25 ( ) hritis Rheum 39(1):52-56 (1996));

ant i bodi esmatiddl, pmrmmﬁmgltﬁe(om@msem p@nym(nm the lanabadyef Hﬁf:re%wlé P@e or

332: 323-337 (1988)). F Bt Liagd
i oot od dBPnSERRpAFS (87 oty QUPR ipatieg, mitill ThibiFlEBAR BEKe <00,

(1995);  caggiibesuarpen: ﬁer@ﬂlt 1598 Mhd fandy ﬁ@ﬁi alhmdﬁ@stomhoiﬁ @8, privideably {t®ar key
et at Cancer Res. 55(23Suppl): 5935s-5945s (1995 ) antlbod es directed 30
agai nsts brb&stPr@"pIablyetheaifmd@qﬂVstY|0ﬁéllfUﬁ‘illH by Bufter herrines @ e ek Hm

(o o Sy ST SR, AR AT Rt i 20 e o

col on car Cﬁ&ﬁ%oﬁteis kS abois f8n®brﬁ§241’)p(t]bhilt)omeeequaﬂbrﬁwn b]uffelr mpu$es 2¢d): 1-9
(1996)); CD38 antibodies, e g. AT 13/5 ( Elllszzéqlﬁt |
155( 2) : 92550 2s (N6 BSPY exanyle 18 50 FRWIE§ eyt LIy 55
Cancer Res 55{%031_&@&%;{) 5908s-5910s (1995)) and CVA-676 or CDP771; EpCAM
ant i bodi es>SUch as 1A (PANOREXO); plIMIla antibodies such as abci xi mab
or c7E®) Fab (RETIEH?@(m)“)VaSH?iS)ffeahtmmeilh@sms‘.u@felatg thvEifeq g8t (spangadiose) the omv

5 anti bodi es such as PROTO\/I H VvV odi es s h a 4 tis
ant i bodi escabiga fxglangs @aigsigl m‘%l&’&g AVPRBSER™ £2 pnﬁioii%b%%ty&cﬁfat Hﬁ
i di otypic Igo)%n?gf 1nRP&t. 2Phd ROV BEECRiay YRS taRkhioRedic em@re dhihAvkiats; from

Medi nmune) uman renal cell carcinoman anti body such as ch-6250; Jél:;l(}l
anti - humanthﬂ:Eaﬂdkneah&ng@adqﬁetﬁi{w!BQQM)Sub%ﬁal elutprinoicbe desiset antibaddrost i body

A33 anti - hunman | an i
g(gangl)l osi décc (Ho tﬁﬁﬁ’ﬁ&g% r\lf)éjb to%;%r%?er}%gh%ﬁ%éﬁdng??t vﬂ%&ab%egﬂ%gyt e
anti gefy (HeAlo RN AsROUeSUsiug. Smart 1 D10 and the anti-HLA DR anti body

Oncolym (Lym 1); CD37 anti body such as TRU 016 (Trubion): |L-21 antlll_cfody
(Zymogenet i cs/ NosreinNgred¢xpkgssion i first Bvast| pulkent T8 o @ Hphe LEﬁLf} haying &

(F1 &) ;" Dyhopesed BHE B Gy ¢ PR B Joot AR, S BORRYRE" Fhe F*S’{Wcéfim

(USC/ Peregrine); LIF 226 (Enhanced L| fesci.); BAFF antibody (e.g., WO
03/ 33658); BAFF receptor antibody (see & g., WD 02/24909); BR3 anti body;
Bl ys anti body such as belinmumb; LYMPHOSTAT - BTM | SF 154

(UCSDI Roche/ Tragen); gom lixinma (ldec 152; Biogen ldec); |IL-6 receptor
anti body such as atlizumab (ACTEMRATmM Chugai/ Roche); IL-15 antibody such
as 20 HuMax- 1 1- 15 (Genmab/ Angen) ~chenoki ne receptor antibody, such as a




5 but is not expressed on stemcells. 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. Natl. Acad. Sci. (USA) 82:1766
(1985), for exanple. A "CD20 anti body antagoni st” herein is an

anti body that, upon binding to CD20 on B cells, destroys or depletes B

cel I's isn g uRi BEd haBE 1BiutObRY rafi@s cwhibMiRAR ffm tRerdetid extBarpelnhaterial,
functions, €.g., by reducing or preventing a hunoral respaonse el i‘éﬁfié%”ed by

the B cel Iwitibhesubsiantdldyelaifnsatho anthodp perdspibef iterast tigrcdomy Hedrat cells
(i.e., reduce.cireulating B-cell |evels). i i ¢ i th.
. sepr BP0 SHEE b RBAEEaL kBl e B BbSC Lkl b

ant i body- depeRdfRed@aht idmdindttad fiey ekl biiffert yPreRBOBE) tharmdl of the first wash

conpl enent - dependent cytotoxicit . 1 nhibition of B-cell
pr glp ifer at‘ﬁugﬁfpbﬁéiﬂoiﬁ ill%hf‘n’éﬂﬁé? if’@H%/ Bé"c“g-%ée‘fq "‘r‘]iﬁ’@fa? > prefgably o aboahd Jsios) .

As useg h%ﬁﬁt'&o ‘a4 ﬁ%sgpergﬁpelbﬁ @1@ g§oﬂtefﬁrspﬁ Sooht 7 8 PEIE @Ry the BorsRbiivityevel s

in an ani mal or 'human ner a ter drug or antibody treatnent, as
conpar ed tof thehiisi weashlbulief lomrein tis imaherengs frEMedbit (lipbabbwsmidemscionbbi al  or

lete. B L1 | bl I | | t i h
Chobe. desdrbabeu i Txer fboat S ommi gL gm0 §5 W6l BfFudy en °°
No. 5,736, %Bélﬁﬁ}@iﬁr HONVAhL 1AL is BYbstAYialdf FexXeMmaR (sueh avrweal) teeeig. a nor nal

pri mat e) e treated with various dosages of the antibody . or
i munoadhesi n, Ewrdxpresiiph sreatndsvesh|buffed fer e patmossiol vy aprlicadeteicfirhieg

e.g. a FA hod .t hat .cqunts . . i I£S

i ncl ugﬁ: acB ,bﬁ{%}lsceﬂ a{f—"rgr %#@a‘ﬁsg(})%%% ﬁ’u&%ﬂme?@nﬁ E@%%&%?%%@?q%ﬁs

Pat ent  NO.chRioA36 #37ititblg of tibtekdsm [1R0}eriatretdrelt <hBSIdmenti ee irderpickrddys

desi gnated "Y2B8" or "Ibritunomab Ti uxetan" (Z AL#\IC(I\% cormer{:i | |

avai | abl e ckeloding RO rR{rone O tROTFE additionah wash Qicptiesbufiers F‘”@?f%%,"fg‘?’?%ss
deposi ted w e S5l fFed RS is UT | ne
gtoa 81 B <, e R ™
gener at e therangd HonBibouos.0" to atbutes.q, §BdfeB01yt absirt & hparsibnod mrditrely PHBEXXARTM

i al | ilable from Corj , . US.Patent No. 5 595 721);
| @ OmorksH GG EntePEy o Bhdhe GepRCE P hERALR Bt hea oTe i Tory)
and vari 2 ©B6e0 %sztqﬂkaﬂciéfeabigﬂ%awwamt ¢ Restém OindioR picf@ablE B WO

2003/ 0026 Leung, S.; deposit HB-96450); nurine 2H7 and chineric
21 17 anti bbdyt (LB PeuehdmNem.5, 677, 180) ; hunmani zed 2H7 (WD 2004/ 056312,

Lowran et at, 35 and as..set forth I - -l by human,
high-affinity a ‘i‘%’é‘d@’ffeér detid tgteq't%ﬁg%%boﬁgl(ogcu %e%S‘i n ﬂ%{eggﬂﬂ pir}%sr?br ane
of B-cel | g4 GanmabiytoshimeKnassefibsthiall9Xammpised cldanivie rahdvy anthateo\iakel
Drug Discovety Today 8: 503-510 (2003) and 5Cragg et fal . . Bl ﬁ%d 101:

1045- 2352 seaou3yasivipiBasiadsbapthe dsrebanahsy projuct ih eluidninmnBn séighal
antibodies _set forth.in %f%%Qﬂ %ﬁ%@)ﬂ&%%@%ﬂgﬁlﬁi%ﬁ?ﬁﬁﬁr (decbdRgay at):

the anti bdCReR JOHRE c ohiS yCOSI i nked sugar chai ns bound to the
Fc regi on ges& ilagdihkin o/$he 084/ B0036 2hci SHi tharmecetlingl byfferyonoeloré|the

'?'gzjidte)(r)die'? S@ﬁﬂ%rz@&é}b%%g;, t%iirschfag bLtEﬁ?r,ngcP s',[e?:orch vrx]fgsih%%ftteg gypzs%bgtggiaﬁg(?g?e{a%gog()l’
conductivity is meant, for example, that the buffer has a 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
12mS/em to about 30mS/cm, and most preferably from about 12 to about 20mS/cm.

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

9-



10 HB20-3, 11B20-4, HB20-25, and ML320-11; CD20 bindi ng nol ecul es such as
the AMVE series of antibodies, e.g., AME 33 antibodies as set forth in WO
2004/ 103404 and US2005/ 0025764 (Watkins et al., Eli Lilly/Applied

Mol ecul ar Evol ution, A ME); CD20 bindi ng nol ecul es such as those descri bed
in US 2005/ 0025764 (Watkins et at); A20 antibody or variants thereof such
as chi ger igg4;af, '{;%&Qsiﬁ%octﬁdﬁdehadue [ otavi) buHAZOPreﬂe@bﬂ}e&p@elmtme Ibybferor

| MVLJ- 106 (US 2003/ 0219433, | nmunonedi csl\% CD20- bi ndi ng. ant.i bodi e

i ncl udi ng cepiptisidraie phaut 80 taabow300mM Nagil, refgrablynfiors saeyty) Se] Ji‘?g*&f’%td with

| L-2 006954 1.): b f
anti bog§ I@&Q@Bﬁgg? 3 ??%@%5%&@2}%9@?@&6@%%%03(W)ZOO'S/S Eigllsl :
Chang ot 21 ); ATasagtatoh 1ttt s uk (C0Bcic 06-% cEGhiOmIMAE:

aple 1rom e nernalona euKo | rKshno alent ne
:a:at | n:suhethabdiyeas sy pi-migd) | The oeRnceaiea) g“féalaf %HXVJ Ve 8114] @Jﬁue Persity
Press 161980 req ]tgk}ergl{;@ %L%g'taﬁﬁerlgl alﬁls(?fﬁ&nﬁgnt;%ﬂd Qﬂcggﬁl)o))dy @Ph‘lter@%m the

auristatin 'E conjugate att Cenetics); anti-
( EMD Bi ovahtionéChingeafatdipe) ; antl CD20 MAb t her apy (Ep| Q/t e); anti-CD20

antibody TRU 015 (Trubio The ant i bodi r

chi neri c, humaﬂ%‘i iﬁﬂm &pm t‘ﬁﬁ)‘r&'ﬁ %Otlil g'il'gpi‘lp aJUEHP SOEE‘&PE? g‘%)[fhu’g{ﬁ]
rituxi mb,el&%r?eﬁgbgthen aF? elebivod¥BX GOt ) MR e ek320 flawk iblpaety tré@mrt nab),
and humani zed A20 or | MMUN-106 anti body (1mTunorred| cs). For the purposes

herein, tHRhetafomswith b incromsing amopprTUNENErescail thazpgousieRER, tP‘éF gy g
reconmhi_nant, anti.b g;ggg, 0 as
descri‘Bed ‘Y‘Hq’l‘:’i hfg%ﬁ]i C%gu8g.¥tyv‘/glh§gz}§& ﬁ&g(e)frig%&nsn%tﬁag uch ant | body Sl

preferabl ?So hfh@ %/ GeRvYd ehdicmennied usihpg c%cirlﬂltj( BEIQ, IsIohNe. vaBipys CDR
H2 (SEQ | % H3 (SEQ ID No. 7),.and a light chain, wher, t he
light chaimodsiscelePepn VOW%H%%W@RSW@ elseieolytis Ry ugt)lVltY(}@ﬁlff_gaP(’igé@ﬁ D No.
9), and CIR L3 | (%%%oh s 'é@rry QicA" ﬁh@ﬁtaﬁlle%oﬁcﬂﬁ:u ﬁ’a Chaiidh SRS hige&d a
vari abl e HeaV i on” conpri sing . 3 and a variable |ight
(VL) regi @y e}@ngmgsﬂlmgpo&&(atraﬂax N ion; thamh mfst eparelﬂler tlis] Wf@@iﬁf?ﬁ%@é‘ %
heavy chain conpri si hou | ysi ne
resi dd¥), bafring Pgeﬁh?“dé‘?fgf'?\cmwaé’loﬂ g’wﬁéﬂ egght“’m% hloﬁl f (é’fsg ra J&%{c%eh%lfl ses
SEQ I'D No. TEROLEH TR BEPEASEIY nlahChel dRer¥d ih aﬂaerf R BEhiSeChe adesired
descri bed pogasﬁ}bu%r E@as%r et aL J. Ph anr?E]Bl oni erd 1Anal 16: 593- 603 é1997)
The term "doudenniviMEGPrefsblss atic vt epreentsttiansof thet vasiows Subfisris maediticc iiran
vascul ar engdot h&ng' al. cell %rowth factor, and related 121-, 189-, and

206- ani no 3&MIeHe (5 LEtiTedCoBIEH%1 i al cell growth factors, as described by
Leung et al. ‘NG R/t Oinl 2B odyl Botnld BShposaival ddﬁip@bmgttheahut;bohl@dnd one
Endocri n. 5180 1991) together with the naturally o;g_ﬁrln I 1.el] cand
proces¥ed dronms @htantingds gt B1eH ingiepsing the degree ofnpiriy of dhg aptikadyip She
provides anti - VEGE ant a on| s r aRhiGaff R hhdi ting
one or mor&EP* lFHIé CO&E’@&#’ ?aﬂﬁﬂ?{}%ﬁ@[—}a&f%} %@arrpll?a its

m t ogeni c &&np@g[gb@genl c @ﬁtdabidnf[ )step%\n:h@g(balISalrtsOf)fan\ffE@Falhgunﬁgatmntmocfeezr| ng
with the 15 binding of VEG- to a cellulgr receptor (maﬁlfmt or
Killing cersutinghinch homegepews’ sQapapttoad blp Ouﬁrlsbt?j/ te BFF |
vascul ar epdot ly GF R aReb R drneex ﬁ%el!)dsélcié‘ﬂ
receptor. Kﬁpoglﬁoh%mﬁ S“lflﬁg thg%sﬁ?‘édr“\?Z?}?|we‘ﬁa EéF adr}?agonl gt shal | be
consi oxr edoal]wicipht efithe fcompmmqno@&:fcmﬁlytahlesstlahwr&()fyobw WFlght mfée pﬁ@f%@éﬁés

herein, the terns "bevaci zumab, " " AVAST "r huMAb
VEGF" her eiticasietbept $450 By Wé’b&%‘ﬁtﬁ"ﬁhﬁf’f@rﬁi "f\lﬁg%a& 1%%%?3%31‘%%{? b%ﬂ’f’u ody whi ch

bi nds human va ldlﬁarﬁdlﬁ dqt Dgleb @l (§70MHdnf Behioe (oYl g Mhidage Bx ok MAO
VEGF) as descri be S Patent No. 7,169,901, Prcsta et al. Such anti body
pr ef er abl yrnckanqielmemeacdmeavwobmenmmp} |u9d¢¥gamrﬁle (CQ)E@HP@ fl apdfpr CDR
H2 (SEQ I D 16 ED.No. 17 and a t.c | n the
li ght chai WIBrEF, ﬁ%ﬁ%ﬂgﬁ )‘gﬁﬁ%ﬂg‘é‘ge EDRY Sﬂf%lilau? ﬁlk%la ?Ia w@h?%EQ | D
No. 1995 andh&ldR rhaedia?bisy HPcuUQ)f i3k inlRstion fhesabihy mélecude any acdhaigad
conprises a varl abl e heavy % region conprising SEQID No. 13 and a

vari abl e | ggi ofoMiaeed atsivon of Beriie (FghSEOMABTIG. 14; and preferably
conprises a heavy chain conprising SEQ ID No. 11 (vmth or without a

C-terminal lysine residue), and a light chain, wherein the |light chain

preferably conprises
-10-



30 SEQ ID No. 12. The terns expressly include variant fornms that form
during production of the reconbi nant antibody product. The term

"nmonocl onal antibody” as used herein refers to an anti body obtained froma
popul ati on of substantially honbgeneous antibodies, i.e., the individual
anti bodi es conprising the popul ation are identical except for possible

nat urald y occurBy fwashingstheorusios Sx¢hange matyridds peed eassingromppopriaiedules .
Monocl onal  antj bodi es are highly specific, being directed against a single
anti geni ¢ &f .°?ﬁ?¥ﬁ@?ﬁﬁ?%?gﬁﬁmﬁﬂﬁﬁﬁagt to conventional (polyclonal)

anti body prepargt ¢pimenal ©B1EYIRI (62! hititoB§ lod @6niBinfra8f) im andatibe @k &finge
directed b5against dlgferent determ nants (epitopes), each nonocl onal

anti body imatdiizlésmenht dyyminmse the wphegilethgeafiomm nant on the antigen. The

nmodi fier "nmonocl onal " .indicates t character of.-the anti] -bei ng

obt ai ned from :jt“B{fgﬂe&nﬁtx‘i‘q’é’ﬁf@“ﬁ%ﬂﬁﬁgﬁ%vc?ﬁgmbglﬁ)euﬁmé]tb?%mo %‘%ﬁ%oh ?eélg?s E[al'nd is
not toighbe reanshinae dnalodye GAli“Fdch@bREACARIbbOY’ ifont hehidnhdshedy phyduesdyin a
particul ar nethod. For exanple, the nonoclgnal antibodies to be used in
accor dancehogh cpl phiehh bas) peate transformedt plo HanpsrideWHAJRICKie aid Fnpadirgdin

met hod firgst. cri I er.. at, ; 7 . be
made by reazl%lbrrgﬁaé{ %‘Rﬁ%rﬁ‘gdgﬁt@t&é , tdse. %%%@S&Sggﬁgﬁggﬁé%o%@%ﬁ{%% . In
a further 'grastbirend,” dodoneasiociin” ant iseddneshaggablpeao irsfot &t te froass of
VEGaT 1 of 1 J0GbugtnE Tl 510 i i B R or o Y Qg e IR

352: 624 6284 15.(; [ | Blnomb, oMiiayBialt- as 222xB&hrd@kofnk091)
describe t%]led %ggllé%g%%e g?&'#uh/?ihﬁit gérlldg(%lnl?nan Oantaiyggdi e%s, reépectri vesloy, usi ng
phage | i braemas. Tisutimsoeedliitingudidsiaceedli inris vileseatl déturehs ywelbaue e¢lbwithin i gh

affinity (,nMrange), h n.anti bqdi es by, chain.shuffl.in rks et ,
ho/ Technol Yy 'f‘m&"gf ﬁ@tﬁ%ﬁ’( i 5‘@??%)“}“3%’ r‘\}bé’fs'{']mhgf B@%ﬁpﬁg?%%ﬁg zl\a%% S‘fﬂﬁjfg ct ?’E)Sn and
in vivo reeamhNaa% kN6 P eﬁft)r%snﬁaﬁm ofafd HeRMBhY MeEMmg, MeEsanipdd.ge 20 phage
libraries (Waterhouse et at, Nuc. Acids. Res., 21:2265-2266 (1993)). Thus,
these techni qued "wewsani] sl "emina epidasdvenset wriepla it ¢ Gilingrpalyperiids| 1s 2
antib hybrid t echni s far. i ' fa C i [+

At er 2y 1 AP o O i Rhin SPGB G TBEACHOAhatt B PLER:

m ce) thatpodyiepGdp @eh&ally ponrianmuitl poadesost Jeasf 8036 sdpencegdentity Ipkefereblgnt oi r e
of human antibodies in the absence‘%@g&do enogg0 25 i mmunogl.obul in ¢
product i oncasEPYescangIce 1dentith JBOTS URCHETCH HEH 7 1RatCArFiee A B¢ gnos

del etion i § 3 liBedt®y AR the Ha@ f1ee HefreffAlbdrer i C
and germ %rﬁ%pdﬁ{fg{ntl%g?g%gs\éﬂ?%géilﬁe élfgﬁfrrplletet I nhi bi Epgjig%)e%f enc?oéengus
ant i body peqetmet identityTis alestminedS for keathplepby therfitchiene!l.i Rragndgtlotheddi Acigene

ant | b o<t Sip s Taneriolh (DNaf Myt oulls et deserhol 15 SCSERRR 0oy o0
Nat t Acad. p5€1 5o NSB:443 05358 D 7€) 993 aﬁgrai@bwké;@eﬁesa&, NGBl 6, m3RiAnH5- 258

(1993); Bruggennann et at, Year in |Inununo. : 33 (1993); and Duchosal et
at Nat ure BERIGHS (AG9R) acithecquomsc votmals ahitd poliperidaemey nbes pedipfcdchy | y

include "chinmeric" antibodies (i nogl obul +0s) 1 n . whi o) t he
neavy. ands BFOTIellk AR BUertiE Cart DI hAsiea 65 RPRtd: 0 6

cor r espondid3elds SAMRREE Such ARkt aslileR, derdxwaglcl dafids FRn, Midlodinsspies es or
bel onging to a particul ar antibody class or subclass, while the renai nder
of t he3(chaintw(anyl/ar substiaions af, residuss withimghe PBYOESIY s1vHes akihe RelvAtPidefliences
in antibodi gs derived fror n er . i, nel ongl 0,

ant i body clflaeg%’go[r}mg ﬁ%ncl{ng‘sl%,n ‘gfs&\}\egfop’ {'}11% ?rgigdﬁg rsf?gssuo mgﬁc Ig{gen%oi rggél)%trs} ?lé SO

| ong as t higyal exddirbed plokiied @it tedimi cdBgucglosasses thetdgsi{dd. cBaraPatigivs. Nbe
4,816,567; and Nbrrison et at, Proc. Nat%._ Acad. Sci . UEA 81: 68%1- 6855
(1984)). amino apechppgematsny ey ¢ iPRBE TS REPHH ProsReE RS RRVBIANIPTIER s 1 o

the am no ﬂgﬁjﬁ 81{51%%2%&5 n%lb@po@g{)éi@(QQXf g‘g%:&s@laﬁ&ﬁ sTi&S PoRRt bb&-fRklational

ant i gen- bi ndi pervariable 10 r on conprises amno acid residues
from a5' conpdido®ivharindydedestdesxglation gofr mglimnindolysihGORbs thor datianesf bivkesy24- 34
(L1), 50-56 (L2). and 89-97 (L3) in the light chai.n variabl e dongin.and

31- 35 (H1)grouRs-@ie ﬂélile%%é Ogﬁf?%’éfﬁ(sllgfsai‘%&mig‘%é’i el %f&?l?sg‘?lbés“b"ormi n;
Kabat et a.(%, ﬁﬁ}%%&ﬁ_nﬁ@t%diﬁ@ SRRl MReRt hdes cafighieiunelagi salicdit SleMolecaldp Ed.

Public Hea ? Service, National Institutes of Health, Bethesda, MD.

(1991)) and/or those residues from L



15 a "hypervariable | oop" (i.e. residues 26-32 (L1), 50-52 (L2) and 91-96
(L3) in the light chain variable domain and 26-32 (H ), 53-55 (H2) and

96- 101 (H3) in the heavy chain variable donmain; Chothia and Lesk J. Mol.
Biol. 196:901-917 (1987)). "Franmework" or "FR' residues are those variable
domai n residues other than the hypervariable region residues as herein
defi ned. 2@bprrtresyi Wedl" Ffeomms &f Coorbahulfrancifce, gp, 7Ba86i (@33 )ant Metdide Joar e

chineric anti bodies.that, contain mni npl se nce deriyved.f on= human
oG OB SR gl R R S 15 daree b el O Rl G!
i munog! oby1bigg 5 _éﬁﬁése%yeﬂéorg&hﬂe_@ﬂ@wn HyeftRined) féleesciaﬁxg&s froma

hypervari abl e region of the recipient are replaced by residues froma
hypervari abl e rBii ¢anmof'amibadyi- fruneed dpebs dsoadasinsnnserini bwggificalyc kowss

, B . pdbs dxoule ypedictons
a1ty RS rRgo Rt "CHIRD Bl T Gl CplSPET, SRR

resi dugs afntibbded) widfispetiiid nagbatiel (e}, drigpct€iol MEBEHILY, 4R H8ibPON adigents
non- human resi dues. Furthernore, hunmani zed anti bodi es may conprise
resi dues vildilens asrtbeyrrhitiidhe desingd bHEINeSPPEiiERt anti body or in the donor

antibody. TheseyiaglibdfAtd-ans, AEcfP il ah UhAdiRh LEIADRANBLRABY, the
performance. In general’, the hunani ze O antibody wll conprise

subst ant i adnkigeraisl a bfol@ticadllgasipoaae, podypdptidepanciaddoyinisinatjonvall ihaihebalyntaians, in
which all or substantiglly all of the ervariabl e | oops.corr opd to
those of  dNHBENGHTGATE A AGESBRN PrOSHACAT ‘Braloun SRR DTt Tofst ha R
regi ong anfahfQs fodeve, IR ALY LOR hén-pagHEHIAE antd¥s (S4ORBE BBbr-

anti body optionally also will conprise at |east a portion of an

i munogl olstdcintabgistalipid prigeos seFdJS Patpni $091,178) e aled canthmplgted3Bhere

i mmunogl obulin. . The .chojce of human wvariabl.e dopmins, bath.light and
nenwy .t o 1eeissn it HooRRPHECHEH B ARt aRlC e BepSPred vl ©o
reduce antg,@em §btoyth ActR! BkaBplb dnfiger8ancludeCiBibicmblyiepsdesldidclissodtind, the
sequence of the variable donmain of a rodent antibody Is screened agai nst
the entir rifcedmploestila fsagis Frratbodes espapHesrhbn headowat ByentpRdoEidimn
sequenge kch i | osest t ' ] he
uan 2 areodr KPR FER o D 684, P CRID BN aEehie paGarh e B °F
151:h 2 396 (2 QB> ;falmptm%mhaasghe &GF -&ﬁeﬂg&rtﬂ_rﬂﬂjb,%HEEﬂﬂiﬂm ot HIRZ) tecepl@Anil her f
met hod uses_a partjcul ar franmewor erived fromthe consensus sequence o
a1 1 hurman hesSbaplseulss Suehsan et Mec s Bhgh-8upyIoh- TG brv oM Pt hs
The sane f; f LET elie MBI ZBek apthhodi es
(Cartor et QEIBREulRY cifer 88 o Qs Bieior Sk, SHECPI o EPEL REboT,

J. | nunnotCD Ikladibadict)1 @88Yth . fadtorsisecl us MU&IT; ilgioblbadhgraupantigensi Bk2ATEs be

humanized with retenti of high affinity of the anptigen a her
Favor 491 e s bt iercrud 2 et Thndh gohimebie §F iengopdis
preferred sELHRGD:r fRisARAIsZEE N LHRAMLS ToRTBRS BPAhEAmRecAleR! @k S us@f as

anal ysis of the parental sequences and various conceptual hunanized
product s usimgogénsder ginemtiog gnthodinsd Eerstrappmembrape phgcacs agugh Burssitiosd
sequences.,. Thr ee- di qensi.onal, i nogl obul i n_npdel s _are comonl i | abl e
and-ar et HEEER P ERoLER ol Fater il rtinnily B PP S8 BP st i e o
avai | abl e iwihi@Bgdn. |RHTELEly a8dlls Gk piebayg feaRahhenbian toliciRNGh Gdalsed as
conformational structures of selected candidate i mmunogl obulin sequences.
| nspedli orthofumpragsn diuspicaNscandieriesvethlpia natuspl sppwe (¢-&eppear 6elb1gss) phe

o he DA S e EHIAARR Bn WIS OREY EELEMTRANRBMANL D RN sat e

i mMmunogl obt#himernbrabé maldctle. antigen. In this way, FR residues can be 25

sel ected and comrmbined fromthe recipient and ipport sequences, so t the
desired anti bodyaplss qEriodics (o b 1eg§1‘3¥%1né BcP UL TS I 4191“?6?0514@& ar get
ant i gen( s)piibhuidCHl - il rﬁbRCk@?H@@Bﬁ&ﬁék@PSE BioR. Bhlleedddy sand
nost subsfgﬁ??% I@kﬁﬁg'ﬁaeﬁmgng?éfluencing antigen bi'nding. "Anti body

f r agmdit s"USQBpraz8e428pa0oRnb).SfPagent Mol 5,7 2h%fioh amhpirbedyab (RMATEARG T he 30

antigen bi pdi r..variabl e.region thereof anples o i body fragnments
"ol s PO askoChR shibaieler Biloannst YiRhBer by Foup sagg-

ant i bodi esjp3si3ngh99Hhahd ARbIBeAN PRIREEN.. N0 MbidcspevEGEC oA es
formed from anti body fragnments. Various techni ques have been devel oped for
the production of antibody fragnents. Traditionally, these fragnents were
derived via proteolytic digestion of i itact anti bodi es (see, e.g., 35
Morinmoto et at, Journal of Biochem cal and Bi ophysical Methods 24:107-117
(1992) and Brennan et at, Science, 229:81 (1985)). However, these
fragments can now be produced



directly by reconbi nant host cells. For exanple, the antibody fragnents
“can be isolated 5 fromthe antibody phage libraries discussed above.
Alternatively, Fab'-SH fragnments can be directly recovered fromE. coil
and chemcally coupled to form F(abl)2 fragnents (Carter et at,

Bi o/ Technol o 10:163-167 (1992)). In another enbodinment, the F(ab)2 is

f or ned susi@gptdiantiBshésnBchiPREunFNEd bad/pr offiaite n@s@emmﬁemmmezeﬂsmpz
nol ecul e. ccor di ng t o anot her approach, F(abl)2 fra rrents can

i sol at ed distkchymyenized W HGF a@dw#bhwéﬁﬁ Tsxaciguamb QY ASFIR! @tlﬁé%ﬂl‘%l@%%ﬁh ques
for the p[\@@h‘%ﬂﬁg(@ﬁ it Antl %‘?d ro LAIPRRLS, Wﬁ‘é |6§‘tt?9%2§8ﬁﬁ&$5t10§19l Pligicskdd | ed

pI’aCtltIO nent s, choice Is a
singl e chaig Wo ‘Dﬂ;/a@mananc( 5@6\98145861;, MBlGRA MBS 1ss|19@ﬂ),e%®m antibadiesor

"sFv" anti bod ragnents conprise.the Vil _and VL. i f 1 body,
wher ei n  HOCAUHUHAPRE AT & Brbedit et PREPEWoRARRIAR i Phet e
15CGengmal | t t of i h 'aes obypert pderntanbker
bet vveglr? thssé/@\%ﬁmando@g}%gﬁ%isﬁ V\héltlg% gﬁlgb%%g ]'?ﬁe gglf{ y)p formthe desired

st ruct ur e dioTranplagenobiSRATAGS0 FtR94Y); peliogins dhiat dimd Ig@emﬂudmgtomhzumﬂbme
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to small mlmfé}ﬁ Nd. amww@l\@ltws Pmntarmlfgﬂm BiRNALRG 2Onsiyt BSL09%kE ¢fs
fragments conprise a heavy chain variabl e domain (V& connect ‘ed to a_|ight

chai n var iRabine Neoflp h3 [J/lijsuphetivears afel 4981 Vit /D47 Samifished larch 44993, By
usi ng el% sa o l&g{?g}aﬁonatl I%ppggcgtzosnhﬂlrot P&Q/[%dBﬂgﬁl?@'fﬁédnﬂl %‘Aﬁ??‘%étlf@ phiph: Agnai ns

on th onal ns are force conpl ement ary
domai ns ofs ’mmoﬁlsgrcmt&nmlmiksqusamaeemm 5;&2{2@90, iosuediAygil 22t €297, masomdl es

d bed f 404, 097; d
ol 1 ngor WO 7B6Poculetal Jogct: BT Aeged doclorssisibedy (odbags (V0 i
eXpr essi oryg 41‘75??51;)1%@& Reguiser 19EeNSELuL RLQMOfRY L ttﬁzsuﬁs Ao dﬁ)é&ﬁfl)hféﬁt

refers to the an Ies descri Zapata et a pept i
8(110) : 105MNd.Q62(( 99098) gradtddeNbyemlich&s w%a.;t dodnegric @nqdquw (W%&B/I%fofi

t and Fd ts. (V11-Cl V h, f t
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di fferent epitopes efe the epitopes are usua fromdifferent
antigens. O} hatitgde soch &cOKaS (WS Pagdnit WondHSILS 8RB wsmanaY\Knl%&ﬁm Gehxsoy | .

bi specific_anti i es Wi t h |es
such as tri%&pal ‘P‘f Wl%ﬁ%@%@%@&%@%ﬁ?@ Zé S@@?:%#@E when
used her eiqgoEanplea lgéceﬁﬁ)'ePQ itbehudp4 hagpdieh shc0ag tias mvmmcmdo@ggal nst
a Stunor ¢elf antigen and the ot her arm direct ed agai nst a cytotoxic

trigges nd[?boyukmlsadhnasliémm 3¢y FE-AA/EI20DDER 2 Antibadiass iR CRMAF AN -
(CD16), anltﬁ ﬂ%ﬁer ex) lgﬂfn%tet %l. cj\%n';ra%?b.%%—%? (1988)); Fc receptor antibodies
| such as the M22 antibody directed against FcyRI as in Graziano et al. J. Immunol.
155(10):4996-5002 (1995); carcinoembryonic antigen (CEA) antibodies such as hMN-14

(Sharkey et al. Cancer Res. 55(23Suppl): 59355-5945s (1995)); antibodies directed

30  against breast epitbelial cells including huBrE-3, hu-Mc 3 and CHL6 (Ceriani et al.
Cancer Res. 55(23): 58525-5856s (1995); and Richman et al. Cancer Res. 55(23 Supp):

5916s-5920s (1995)); antibodies that bind to colon carcinoma cells such as C242 (Litton

et al. Eur J. Immunol. 26(1):1-9 (1996)); CD38 antibodies, e.g. AT 13/5 (Ellis et al. J.

Immunol. 155(2):925-937 (1995)); CD33 antibodies such as Hu MI195 (Jurcic ef al.

35  Cancer Res 55(23 Supp!):5908s-5910s (1995)) and CMA-676 or CDP771; EpCAM
antibodies such as 17-1A (PANOREX®), GpHb/lWla antibodies such as abciximab or

¢7E3 Fab (RECPRO®); RSV antibodies such as MEDI-493 (SYNAGIS®), CMV
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(110),185, D 10), anti-CD3/anti-panti-CD3/anti-p97, anti-CD3/anti-renal
cell carcinoma, anti-CD3/anti-OVCAR-3, anti-CD3/L-D1 (anti-col on
carcinoma), anti-CD3/anti- nelanocyte stinulating hointone anal og,
anti-EG- receptor/anti-CD3, anti-CD3/anti- 10 CAMAL anti-CD3/anti - CD19,
anti - CD3/ MoV18, anti-neural cell ahesion nolecule (NCAM/anti-CD3,

anti - f ¢l atatibbdiel sigh ps PRETOVEER) HEA antil©DB:s saclt as PROSEarkepaioirentibedes at ed

antigen (AMOC-31)/anti-CD3; Bs b h rm whi ch _binds .speci.fically to
2"t umor artihen hndtars “ARhedh oA hds 5 35Tl Rt ARRHIC LI

ant i - sapordyibadtibbdly BRCANG IR0 MY (e:gS FPPAKIN® Ak infehdf e Hubmas 2Q0I Ll
anti-CD38/ ant’i -saporin, anti-CEA anti-ricin A 15 chain, .

anti - i nt erdasriomaza(dnEdedy) Jughts S0 dB e itohympen 1 7ahdn agEbnds 6220 Hoa

al kal oi d; BsAbs for ,converting enzyne ivated prodrugs such. _

ant - Cosor g i SRR R At EUY (R YL Finfl dE TR Sl R4

m t oyl N fReeBRGAISst REIOY kbt fo9idBl dnRinbiGhdd LSRG el BroilsnaBFCls)cRinde used
as fibrinolytic agents such as anti-fibrin/anti-tissue plasm nogen

activat or leakeayte satigen- ¢Hlpk) mrthedy Suhols Pade IPy) and hestatndyenDBcntibedsor

(uPA); 20 f tar ! g'%'gglp I - Sur fra ors
such as an(?f?d-g\g%\llv @‘é’?}léﬁt 36 ‘??go%ﬂruot ﬁsu%@% giri\?ls Otllg @glgtﬁ%rﬁ(gfg%uﬁgc R1, or
FCc7R111) ; (BshbgenkacsNew Nordidkgy anyBodelli avftibody Quphelicsds esll JargttirgsMAD
anti-CD3/anti - herpes sinplex virus (HSV) ti-T-cell . rece .
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vitro@r ipn. i ang Q@g@ by @Nﬂ]'-(mfggh"n oAt -
25 p181§HEF@}1 gél i -S%g}gf&e%ﬁn Bg?Abgg as vgig?tﬁgﬁg%&al\l/ant s; and BsAb??gs

di agnost i (Enbmlcsd Sifedei. pBARE patitaidli(e.g) §E MB35 B BEFreceptariantbedye(seeadi sh

er oxi dase [ ne nt.i.so ostatin/anti - subst
Dt ey e+ ek (2Ot R Ao 5 B RRY Sichits Dbt P BT -
trispeci figmami podiassh/ROCHEIea6i) pbidixand (Id&DH 2R Bidgeedd); IL-6 receptor
anti-CD3/anti CD5/anti-CD37 and anti-CD3/anti-CD8/anti-CD37. Bispecific
ant i bodi esingberdybeuchopy ethigneab {AGTHNIRAL gERueH{Rosse ds1dranfhedshaen as

frag ts o [ o 2 hispeci{i | I i i Wd@ han

two va encé@%g(é}lélsg@ﬁ%%%ﬁ%egg’ Cl%glglgfél%g?mle@,ﬁ) %‘F}%g%%c%% %’S%mtl oéé{aggd%an be
prepar ed. (&gt tMEN12I2; Millidrtunyo bnti-tdnfpleiont( a@Bdily, suchnak€d amibobbpdyy. f or

t he purposes _herein is an antibody that .is t conjugated to 35a cytotoxic
moi ety or W&lﬁu&a&béf}ll;ﬁﬁxmﬁht%@tfogﬁ’ﬂlﬁﬁ%yggﬂ@?‘éil %goéﬂ@l%écﬁ'n Ig (lt)r'pri ses
two antig e ORE.12284; Gl @91 A8 LarmRbdort)! Mendiidad
anti body ?;g@gpstﬁgﬁugg%l Ijil\sfcur %g}bgﬁy shell W14 Tr gatﬁent “ref grs to both
t her apeut i(BMS-22418nBMENOCPH 0 phitjbagitds] 1clidingrS@@rind thuranimed sagiants thfilsoke i n

o wniien (OO Bl sPrg 380 RubeRtiern dNrG SRR mdRl eanE on
that woul 4,96l IREMRIADERA! OBBE7 WNRKLIS, apdlichedyy QUUMIR 8O RSedases | bed

herein. This 1 ncludes both Chronic and acute disorders and di seases and
t hose pat HoNIbgi estibodp nfikignica ssuahi ash CPPetiils flordbeohhe DAtiiminolly ameTHFgor der

in question he, wor.d | gbel " used herel efers..to a dete bl e

conpound dPBE nébr?ﬂﬂg?d[ﬁ 3ﬁgwﬁa\§%ﬁ’s iﬁﬁﬁﬁgam%i@%ﬂlﬁs LI ?j%gt PV to
the anti bogyawLhfs! abalprCIE®;t sehlindifedlay ealcalii efradiumbBdY 9i0seddpe
| abel s or fluorescent |abels) or, in the case of an enzymatic | abel, may

cat al Pe cipeiuoadb al-iBh atAbiegers a @Wst priitedy oPbingean.or telphpdsVIG oftwhi ch
is detectable The t . cyt [ et a [ fers
to a subsf(g\%%h/ FﬁlgFo}ﬁ)hﬁ?rBP‘%}gx oﬁhg](‘? 9 %(‘ée\%%ﬁﬁs %tI%g %H#gi ?%&nig’gl plé g%ﬁs Ii*gténg‘de/ or
causes deglmmehbAalied). PRIkEby.T R beibBdy Sthinisepaefitdt Berbincisudendkedli maet | ve
i sot opes (e._g. At211, 1131, 1125 5 90, Rel86, Rein, snil53, Bi 21&, p32 and
r adi oact i \aatibedst whiek bisks fq umeam ERE0 nerr apkadi Blaggetibady Whigh piws e bimdh as
smal | - nol e&%g toxins or enzymatically active toxins of bacterial, fungal,
pl ant or animal origin, or fragnents thereof

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. CD?20 is present on both normal B cells as well as malignant B cells,
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25 Modes for Carrying Qut the Invention The invention herein
provi des nmethods for purifying an anti body froma conposition (e.g. an
aqueous sol ution) conprising the anti body and one or nore contam nants.
The conposition is generally one resulting fromthe reconbi nant 30
production of the antibody, but may be that resulting from production of
t he antsi bagly ibyotpapidsdd dysthesils QOtiter abines fos yGT2eini the hiteaatsle iocludd EB-

antibody may be purified froma pative. source of. the antibody. Preferably

the ant | bOByPBAGHSTeHTHER “e820" L | BN - RSP LBl REBDeb et “Funman

VEGF anti £ ﬁﬁggc&%gggm@‘)z 13170 (Ifg%?nm Bamipl&r oduction of Antibodies
uction of the an

35For reconbinant pro i body, the nucleic acid encoding it
is isolated and iGB20 tettboidntaotagonig) herabiseanvatibody thet, uper bindingdp dAPHy

(anplification of the DNA) or for expression. A encodi the antibody is
oni 1y | <o Seel dinrosstimiee S aoB g SaoEnAB o shes FEEo Yy
usi ng 1@l i %ﬂ%&ﬁh&,@%,ﬁﬁ}pﬁﬁﬁciﬁ@%ﬁ Fﬂa"v@ntﬁl%ﬁaﬁhﬁ)r@ﬁreﬁﬂdﬂﬁﬂ agiepesitié Bally to

genes encodi ng the heavy and ITght chains of the antibody). Miny vectors
are avai | dBileentifiorty antagboist rolepsdhcin tiblege demetr Bycellh Gley deduch girculgtsie b el
limted tq, e or re of the followQg; I: 4.1 n of
replicati gﬁ‘,re?‘vgrf& %P%Cﬁémﬁ%sldk@ e étlr}fes, §%H %Hﬁzgggﬁaﬁﬁgﬁgﬁfg%da@%r‘%%%er,
and a trangsdhhfbin®Nsicdr NMnfBddyadepepituencsl-tbdisted. castodieigr (ABGC) n abiBoPat ent
5,534, 615, specifically incorporated herein by reference).. . S&i tabl e
host cel | somplengngdenrgdet exppeissy i e TNATPR hE-dc PRLEHIARYEE ¢  he
pr okar,yot qr.ihi eyka g cells. Suitable prokaryotes for
this p%r pgg%%:ﬁﬁgfoaggelel%%g?%%i gllé E%@h&gs Gram negative or Grampositive
organi sns, for AsxaeplierciEriBe cdbacpletivrdcedas suehredstigs dmd? icelhilevelselngan  E.

colt, Enterobacter, Erwinia, Klebsiella,. 15 Proteus, Sal nonel|l O, ,
Sal monel | AMTHHRTRRA BE0E Vragﬁ Arugsory ?‘I}tlbgg}’ tt'ﬁ?wnﬁtaér"(?@é’érg Jo at%ﬁev%l
Shi gel | a, @ﬂ@%&n@ﬁt Bagd] aérgleggma@@e gamgm chinbicte. BNE1 Beveld OBRAJ R S

(e.g., B. lichenifortnis 41P disclosed in DD 266, 710 published 12 April
1989), Psaustgmoelbnsuc kechsiqits aich agithass slescibed 8t Refftes fycBiood Bae4preter r ed

E. colt cloning host, is TCC 31,,4486) , t L1 ains
such 40 £ AR PonfSpadyo. 39ha’ bl a3yt AL RRME EhpThY
(ATCC 27, 325%) Amemsdli hhie) nfese guadpvat antousl dessgdsadbl whe ratibeiy bhan
limting. In addition to grokaryot es, eukaryotic ,mgrob%s }@1% as
fi 1 ament ousotumegdhesin, gskpsripheral Bkl spRenEatons Ay 6F deRPrassicdh PRast ¥ or
ant i body eng{gd&pg vec q(ﬁg.ﬂSSaccharonyces cerevisiae, or common baker's
yeast, is PRECHDEE UM IHTY used anong | ower eukaryotic 25 host

i cr oor gani sis Exkipky ef ChRonmibedicoinchidbetCapsiewhich Spaey esleddfwgmabl ns
e K1y v BITEEANRGR (O Ralfonaio. e oo, R0 (s ppEome 0 Fesch B amene "
12, 424), %@g&éﬂg%%ﬁ&&( A2 16 OfhpikumbmatMTEKREAM (7 EVAT BG@3 dotnifreially

wal tii (A drosophi | arum (ATCC 36, 906), K . thernotolerans,
and K.. t namvsilaieSomyiBrCoRtiaanidertiG0s,402 (U2 Bptentie i, B6padt PB§ depepiredrgith 070) ;

Candi da; Trichoderna reesia P 4, 234): SPOr.a £rasSa; » _
Schwanni or*%@@gémg%"r?c‘ﬁmgélﬁ i %i“‘%?cz&’Nzgdr?S’a pahe %ﬁ%af %I’la A Bl £ ungi
such as, eyt NGNS {agﬁ&yaulj’@éﬂeﬁicdt ki 150 lokpost agli «rp11-and oASpangi B us

hosts such as A nidulans and A niger. Suitable host cells for the
expr es¥i ortosifunginyabd sytibudy d BEXN DT cammeezlinavdildhio frmaCorinat(pece by (&Y

organi snms. I j~nvert ebrate cells,include . | teggel | s.
Numer ous b%PE%’I?% gglggégbaﬂﬁmﬁ%m\?gllpp‘gnngib%ﬁ(d iggrggé%%trﬂﬁ?ﬁ%m}per 'sss??ve

i nsect hosgo16@bs s dnd Qailas tierédf GhcladinSpRaoptek pafchéd girirmdaiiddre (o | ar) ,
Aedes aegypti (nosquito), Aedes -5 al bopictus (rms_qui%g?), (Pr ,sophii}g

mel anogast 0300264 E fleyng, &mdﬁB@CnWSIFr&?E@ﬁ% BWEAC i 24En e icg’ﬁ}e‘-’%& fiety
of viral str.ains transf i ) I i 17 € L-1
vari ant ofa‘nﬂg?@b%‘%ﬁage}ga (?égﬁffl%g)’%@%mg#gh? ﬁZXg@@i@@aﬁéz,gf&é%$$§?£., mor i
NPV, agpd sahehas/ kétURes bayw e ddutdax0TR0Y, 1 dsihanehn higbafiiiitygattbotihe
present invention, particular|y for transfectiqn o odoptera frugi perda
cel I's. Pl dntected|at theyClpd é’@lfﬁﬂle‘c@ti%ﬁ?u PERBFRe Oggffﬁ'll%,%%@%’e ﬁ’“mf)’é%g ¥ a,
tomato, angd, gg@gﬁg&g@g?%@%&% %Jn{;(glgygu%@;&%, Today 8: 5058 \(8603) 1Rl €T est

has been great rate cel nd propdgati on of vertebrate cells
in culture (tissue culture) has becone a routine procedure. Exanples of
useful mammalian host cell lines includg but are not limted to, nonkey
ki dney CV1 cells transfornmed by Sv40 (COS-7, ATCC CRL 1651); human
enbryoni ¢ kidney cells (293 or



15 293 cells subcloned for growmh in suspension culture, Gahamet at, J.
Gen Virot 36:59 (1977)); baby hanster kidney cells (BHK, ATCC CCL 10);

Chi nese hanster ovary cells/- DHFR (CHO, Urlaub a at, Proc. Natl. -Acad.
Sci. USA 77:4216 (1980)); nouse sertoli cells (TM4, Mather, Biot Reprod.
23:243-251 (1980)); nonkey kidney cells (Cvl ATCC CCL 70); African green
nonkey i d@ﬁgg eebl SBloYERO! 7 604ATGC CR3)1567) 20040886072 SCe04D a3 1 8artled noma

o i A A U i L B

75); hurrarr)ﬂe&nf[%feﬂa@* i 4diRdS2 ha\l-ﬁ% BABS NIDASRI OB Yught!diins(Wd @60562,

ATCC CCL51 S (Mather et Annal s Y. Acad. Sci. 383:44-68
(1982)); NRCFB r@dm écscﬁl&ﬂ iodl'$ @00%&®3ﬁ&hé$hlﬂq@p@taémn@r&cmal( pdiyodipy andor t en,
CHO cells 2 ref rred for S be
advant ageoat?g agﬁ}e{}ﬁu@@fd’f’ﬁe a | s ng 0 Bﬁ 210 elg(l'rll&aéécags gggnﬂgés with
the prmserﬂgzmyemama HB20-25, kimsMBzetllls aneo bindtsf eolBdesnich at iee AME
above- descri bed expression or cloning vectors for antibod producthp and
cul tured isrieonlentiboding egut AMIS3 nEdibadigbds selefpriising BHY of A& Hopn

d
I nduci ng ﬁggjﬂgg@i@g%@eﬂv@&ﬂn@%x bF aﬂ?i@lﬁ%@ﬁ%&}?&e&?ﬂﬂgﬂz&iﬁ% thgegenss 30

encodi ng sequences. used fo produce the
ant i body dfindihg malaw&stsudn asrmosbelemlbedmew& 2004/0025 76t kammdlaé) A20

i al | | ab] di h M |
S‘éﬁ?ﬁ%‘”(? jpocs e Gyt TheovalHn S CRPGRAPT Mt e L EAIOIRSHRI. A% o o
Medi um Qg@tftsuveﬁgg TR) 1ARAU St @b*se 2H@3/0E1B 3N 'IHﬁlLﬁlBﬁlCH‘i@@ eehbBindiny

addi t| on the media described in Hamet at, Enz. 58:44
(1979), Bamﬁboches ancludima bpitdpiealehieted . 102162 354( Q@%&,op@o@llmnjugpm with

a7 borea. T on PR SE afSRE SR et Bt R UPRY,

the host GgklsindsOB29fand TaSM, TedEAnPRY L2 EFENIest 146 8N eaagsaryf t h
hor nrones and/or other growth fact ors?ésuch as insulin, transferrin, or

epi der nal rg@m‘xﬁ/malf a@tﬂeﬂd)es 437t $728shcM-4B3s &iClndic I 6i2d @vailehlecfigm the

f PES Len)
ndonodne BREHROTIGIRbMe ANplngPRBHCRF QR e, BTCFORR AR °°
trace el er‘(MHl\ﬁcl(uféﬁEdleﬁ a0 lmﬁbgﬁnlnﬁfemaprnnwsc(wm) udra(Myisa es ehtBlasd f i nal

concentratijons in the m.cronolar ran .and uc
energy sodteE4 @Y8ht mati- %%‘é‘-‘ﬁ%}ms%pﬁ‘l’ gé‘ﬁ‘&ff §°§€P“g}e ]ﬁ]c‘té%ﬁi%t
appropri at i 1 e
ot e M}%@E&Eﬁﬁﬁtﬁ%ﬁ?@?wa‘@%%ﬁ% L PSR Bl GOA o0
t hose preVviRUSY (Tsbiobnpi The tpdedaksCD2@ bhtitedies dersth amwhaumceb@nmzedanﬁ will
be apparent to ordin r|I skille 15 Wen j r ecobi nant
t echni’ques“ifle ﬁﬁ@laﬁﬂ ‘PJTS HJF%H%I: ;“1" cl%'inf"ﬂfzﬁ?il%jﬁ :&2 ﬁgﬂp X
peripl as m@Dﬁﬂ%ﬁm Qfmb ﬁrﬁ%hy (G&GHAY Sfhdi lﬂltnﬁnlz'a@ Amedirumm UN-t dream@inbipody

[

i s produced tracelTularly, as a first step, the particulate debris,
ei t her hodimmehésedes). ysed cells (e.g. resulting from honpgenizati on) IS

renoved, for e centrifugation o ultrafi » e e
antibody is se h‘a Huf#o(?e? Plilgrefﬂéé U U SR nt s Froth s%&h gx%?esm on
systens ne¥rde ré}’&%%%étﬁﬁlﬁﬂaﬂt%hﬁﬂerﬂ; HEBBS @hish binda waileahhan WDReinbigen
concentration filter, for exanple, an Amcon or MIIlipore Pellicon

ul t r af30l t rast deserihediin. US HiatahtNo S, %an"éld@ﬁf’%r?ﬁtabgr%hwﬂ%‘?ch’oﬂeg’ﬁ@%e

| t 251n t ti
Lo be. subjatitbey il Sl FofpRIROEDIEAL (@oiDd BYXHRID SHIFERIRAS! {1 o
produced E(ElDRllmjﬁSE(Pﬂmehlayld?mhghnémm vm&taltbﬁﬂyzghedm:rgm&muwycm;[@tmmese
Hanst Ov CHO I nan 0s ure e
Comost t 1 GiD¥asl bR 150Rp cbr Sk d s b s i PR e LR LD Dor o
cation exgjggﬁé%gzycﬂﬁé %@Jyoafaﬁpba&n@&a; aGRRPAS 'hEé@WWﬂ%@bﬂ%oﬁEgsiﬁ?ts!E@ﬂ)’ of

i nt er est one or ‘nore contam nants, such as "Chi nese er Ovary
Pr ot eidss (MBHOPd h eadiide lighD(\elyregion rocipeisiog SEQ D aVov d; imahmost pl&@@hy

aggregate or derivative of the desi n t

endot oxi n:COPIRFEFS %E«m&ilﬁwmp&éwg e P3N 1 EoRbRbR R RER iRt
garanycin; re&ﬁb% hlg #t) ohair€ bherdixX AEAL @$ cRfin g%ﬁérﬁmr&ahmﬂwslsfﬂ@mlw 2,
procedures whi ¢h may be perforned prlor to, during, or follow ng the
cation exchange chromat ography nmet hod include fractionation on a

hydr ophobi ¢ interaction chronatography‘%é.g. on PHENYL- SEPHARCSETN) ,

et hanol precipitation, isoelectric focusing, Reverse Phase HPLC,

chromat ography on silica, 5 chromatography on HEPARI N SEPHAROCSE' TM ani on
exchange chromat ography, further cation exchange chromatography,

m xed- node i on exchange, chromatofocusing, SDSPAGE, ammoni um sul fate




According to the present invention, the cation exchange purification
schene typically includes the follow ng steps perforned sequentially: (1)
equi libration of the cation exchange material; (2) |oading the conposition
to be purified onto the cation exchange material, (3) a first wash step;
(4) a sccond wash step, and (5) elution of the 15anti body of interest.

By i nclsudi Heg tetnsl exaresly weluda yhristt dpsnsisnclt dsedesatibicd m Moothanspee! pl/i Pharat i on
schene, at_J] east t ich is conducted at high pH (about pH 6.8
or great er§iomg é"@?ﬁpégé%%ﬁgg%r fication can be significantly inproved.

I'n particular, TReref Mhiifad REGHT & ué&ﬁsﬁéreﬁﬁ eﬁeg%meamn@wtrdenuﬂmd h a
pH in the range from about 6.8 to about fromabout 20 7.0 to

8.0), suchvassilarf grdothehaiptadl gesydlt fagipr, 7and @Fa‘f@bégl' pBBP-7.apd %rﬂf%lﬁi’ ekt s as
descri bed above are,r.enoved ffr C t t nal

| ower pH rARgRsPaaBei © 1? (fn%gf% %sl %g%da]? yrafgeé1 ﬁ eP91 ’h‘% ? X@ﬁ‘]'s(?é)

prot ein cwmr)t af Hobek C@m@psmr OPvdooFpr §:380T (190€) aj’gtethbﬂdytheﬂhatredrrillwm t he
cation exchange material is typi caII | ess than about 200 ppm which is
bel ow t he c&pmgﬁﬂﬁtc@msipmsss%ﬁ@mwé hoge goBHERC9E ng one wash step at a 25
pri of about 5 UfhedpRsent invontbh &tﬁmw SHEVEREF GHROSHIR nifBbaikl utliy GRE T O,
the cation exchangg Pt er al rrses cross-|

pol y( st yr enpabdé vt nﬂaﬂbﬁngzmee@or mbmmﬁ the dnw@cbg@ra‘cm\ah@sof(‘%%l?,dfop Iaafseple,ckbsat ed

wi th a pol yhydroxyl at ed pol yner, funcron (o} S,
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30Usuglsl ¥, pigdin@8tVEGR 6L lcerlihrmfeéﬁrtoﬂ §y pREsetktRer kAling &m@ W@ficH e ®add on
exchange material prior to |oading the conposition conprising the anti body

of inter estctl‘aafwi on¥EGK, mdnem@fmamm@maecwteedqthfélahmlbrqtlaﬁﬂom giter NEGE
preferred rre f the inyenti,on u pH
from about ?f‘ﬁ)lBE’f reée%tor %ﬁ Sg%ha% & 0 o%'Y 5’19!9 g? g%&% mﬁQgﬁ&l?

equi | i bratue%nﬁwr&@é quRITERE f(ﬁ%ﬁqﬂc@éﬁ\dﬂ\bﬁﬁmv@ﬂﬂiﬂﬂ NaCl, pH 5.50. Anot her 35

exenpl ary equil i br atr on buffer conprises 23nM MES, 60n1Lv1 NaCl tgH 5,50
Fol | owi ng equr prﬂlﬁtnvmpse%hera@uéedﬁﬂ%ﬁrww% FAN YNGR artGBoldy of
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material. I n another & condi ti oned SEPHA ( pool , pH 5.5
i s | oaded I6int GDRhE3 ISEQaID oo, d)?brralrdgehglm @ramalwhcmml}ﬂ hghy d rd@rﬁé’rbt i es

bout 210 FOrRBRRCBR0 L OTLb I N of Gt 1 2R Al Bisel I?%J’é@out 5

g/ L resi n.Ng hg0)amidsb @edfei@blyl tHeeh@S{ dhginbostigtised af haridbad hedyeReipRgton

material as a result of this | oadi n%step After |oading, the cation
exchange ramgrisiak SES Tadeed3 pnd a vhiiz @he\bts(NLér@pwqmpr@ng,‘SEQ ARtNaydgh

exchange et aryibHCh TREPHBATERY AR LR R RS PP O B O o

to el ute agmiBiMysiNicoidueRahé adfphp ok, bhi&:rézﬁ@lﬁe ligte dhemmi prefatabhoctmelsed i ng a
subst anti al anount of the antibody of |nterest The glf—r of  the f| st. wash
buf f e0i s GEhEP AY9- y2hiTGEdermsraRrashiyindipde; yWelorldarms ke qr‘&rfiuﬁlﬁgﬁjé? ugliof or  of

t he | oade ?@dﬂp’ e about 2 to about 3 pH 20 units higher.
Pr ef er abl %fﬁlﬁé@?ﬁl ’ftﬂj{gﬁmﬁlgdy t wagsh buffer is in the range from about pH

6.8 to about 9.The fprefaabtiynd! rapmibabduts ykll GeBit efab owtn&nbodyosbtexetpl e

about pH 7.8 or about npl es of buffers which buffer in this pH
range i nclfiRie2 pepyl a%@%gstrrtm%@ewgeqq@t@i 85 1§eﬁ?ﬁfﬁ$‘é(t‘£‘tagatné1% Gids

TRI S/ HCL, cxﬁigﬁ%ﬂ? é’g}u[!ﬁionﬁgé RERLQ bARHNaR HossBiIE hatgfal ?Jsccu-l:ﬁh hﬁ@a[tﬁﬁ‘sl etc.

The preferre h buffer 25 conprises or consis Itt_)
HEPES,35pH tHat8ngyr bg les<d® ndVineR Smauilts7 M))noclonal antippdidsi we m@;;m &1300 mebfpr@s ent

i nvention provides.a co iti reconbi nan

ot + body. BGERY G i e oS eeat RS B SRR GokTREh oo
provi des E(pérzeeﬂm @ﬁ%d?%&ﬁr@eﬁs% Bt htlude Uifferept RRBGIcZ ld.ifﬁd‘ledl n
25mVvi MOPS 0. Such ¢onpositions are useful, anobng other things, as

30|nterned|ate conpositions used in the purrfrcatron of these products.
The invention herein generally entails’ '3t | east one further, or a second,
wash step using a second wash buffer. The pH of the second mash buf fer
preferably is lower than that of the first wash buffer, for exanple from
about 2 to about 3 pHunits lower. So, for exanple, the pH of the second
wash buffer may be in the range fromabout pH 5.0 to 35 about pH 6.0.



buffers which buffer in this pH range include, but are not limted to,
MES, acetic acid/sodium acetate or NaOH, NaH2P03/Na2M304, Bis. Tri s/ HCl.
MES, pH 5.5 is the 5 preferred buffer for the second wash. In one
enbodi ment, the second wash buffer conprises or consists of: 19mM MES,
10mM NaCl, pH 5.50. In another enbodi nent, the second wash buffer
conpri $es apninsodisieshsdaémdmid (VESopetD rhMbiNaGhqoclqril &thOdy is directeWsighigst a

addi ti onal .wash steps nmay, be enpl ayed, ef.erab nly a fjrst and second
mash Ston SHAS RRRrBRTGY G Frtecbo s teeist {RaRe Sadisfled sttt PO
Cont am nanks SBHdASs i&iﬁ?%iﬂé@%&ﬁeﬂ sabayRiafy endredR¥&ss f ppmididos 6aLT on

exchange nmaterial ‘during the first and/or second wash step. Preferably,
the first andbddies epd riemot tos bensenstivbd b geqameaniofegitog, of the antilmgly) Binveg t he

h st not ed the, desired antibody s el uted. f i
exahange MRtGHEFeER TP AR aitoRRa ARiobSoRalh i BPE R 10

t he 150congygtesdtit inveBiion MRY Be Blatle BYtHE hybEddmablethod e deenitud by Kiohler ef  t he
elution buffer is %reater t han about 10nS/cm | ncreased conduc%ivity may
be achi eved Bpara A0dPA 1Y D Py SEynadegly weppbigaHdaNAr BEPSd (SRS 19

el ution bufte I f I se 1 e Liheu

limtati o;t,J'g'S('i)) ﬁe%ﬁgglé‘?ﬁa%gﬁsgﬁﬁuﬁ%%wgﬁoggﬁ %@?ﬂ&%ﬁ%{% apn(glfwgilg?u%ncﬁ oride
(KC1). I n jsslgteéniboni aeibbdy tphegeelibiarion dondried wwomgpthies eshdineom ddsoutted100 t o
about 300nM 20 NaCl . The el ution_buffer neral ly w Ll have app Limtely
the same pYGETaHoe st dVfintad B3 PEl (Kb GHBFPEC eflu (et 020

conpr i;ges: 69yl NaGlo; BiibhiS- 2. ANSoh & 9P efegEdRaime! stk buf fer
conprilées:a%%mn@,m%7%%' %G? plt-l 5.5. Euti g:l prr)eferrabl y ilnvol ves step

el uti on (asuwopposdd umagr adiienicse| wspastiycly, using phagaHitirerisheSwiseducsh st ep

is optionally foll qwed by a regeneratjo e ch is.not 25.neg ry
accor di ng I’[‘%K‘f%@%ﬁ%ﬁ‘c‘é‘l’? ilbe B‘f?ﬁgﬁf%ﬁﬁ h’S’P aﬁ%& H@gﬁﬁ%’i h Bf3kn 2 “‘W%‘?%Z@f

addi ti onalghstheRBufliR GNRAHENRE afied BidTakesBBY.y 1017129088 | ARIBYChangell as
purification nmethod herein consists of only the foll ow ng steps:
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" oadedCconsl IPHS CPaBblRoifs Mic a2 Relnt patsd B S93R BBt it

el uti ng capdhaffueanirs (i@blg. aliGhagveli tes tratitiomabuhémeclopkl abtbidy7 hgbwdonid r st
wash buffer pH abqut 7.0), second vv%sh @tﬁg gﬁ . .using second htbuffer
pH about Gﬁ@l}l}quﬁﬁcﬁ)reils‘ﬂilﬁl%ogé‘?‘ﬁ‘."dﬂg? rRRHRPYEY: SH bRt gHsé‘SSVuPO%l. > “and

i ncreased (o3 MVA r.ekati v 0 h Lhee. | 8pors tifRfmiAfio€! Bf i ng
ant i body) _p‘f@d]ﬂ%! &én\é%ecaaﬁlhrﬁ lik)d?gtp’r é‘%a aglﬁgnrggﬁdg?ﬂ%dgg%cér di rlllg tl% t he
cation exgheahgmgdac fiulbmepagimphy mevdvodnhibedidsn inrathe babssudsj et tamdogagous
addi tignal. purifjcation steps,.if necessary.. EX lary further
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| abel (e.g. an enzynme, fluorescent |abel and/or radionuclide), or a.
cyt ot oxi ¢ afdhebuman ganglineinmwioglobylia Bseh arapBUILk sgirgne gutinhglietawtl ve

i sotope etg) ., .1 her a LC | I I Sil . 1 B0y
optional | fg%:ucl)tﬁflgﬁg\aaélgdu c\?]\AB ﬁlﬁ%g&ﬁggéﬁqo%gggoﬁn%%F%%ﬂglﬁgcgg%‘%gﬁlf’gpar ed tsby
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pharmaceutical ly acceptable carriers, excipje or abi |izer
( Remi ngt or{'1%93ﬁhéfqﬁ§%1€w(?él“l-lsg?‘@’rfée[gm%’@f)h 72%*. @.5%}? aei “Fh%?lzfécﬂ%- Ve450) ),
in the forysofs I(y@ ilized fornulati ons or aqueous sol utions.

y a

"Phar maceut’i cal | ceptabl e" carriers, 15 excipients, or stabilizers are
nont oxi ¢ to recihe emhsclatalt figibddisadeseinngeciboadlantnchude ofebiresrs!’ oyndibodiahd

i nclude buffers ch. as phosphate, citrate, and ot her, organic. acids;

ant i oxi darﬁrgm%‘tgﬁaﬂihﬁé 18@@6?@? goLiop fé\‘fﬁaxhw i) ‘f‘ﬁol@? chain, g*ela?}ﬁ&"?ﬁ‘égﬁ P5uch
as Octséde%'nww@h@ ¥d REREYINIHFTIONIABRGR a b sfss dBA¥RIMRGM QPaHIBuRRbRLies 6i
benzal koni um chl ori de, benzethonium chloride; phenol, butyl or benzyl

al cohol ; dicloplgmgao atperizub ettitady 20issret swpklags whtle el repaindéren theodreénas
resorcinol.; cyclohexanol; 3-pentanol;: and mcresol): |aw ol ecul ar i ght
('oss t harlsibi “16 Fogrinlaf oot fniie sFernd it S aiF

al bum n, gelatin, or imunoglobulins; hydrophilic polyners such as

pol yvi nyl pyrrol i done; am no acids such'as gl yci ne, glutam ne, asparagine,
hi stidi ne, arginine, or |ysine; nonosaccharides, disaccharides, and ot her
car bohydrates including 25 glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol, trehal ose or
sorbitol; salt-form ng counter-ions such as sodium netal conplexes (e.g.



3516t h edition, OGsol, A Ed. (1980). The fornulation to be used for
in vivo adm nistration nust be sterile. This is readily acconplished by
filtration through sterile filtration menbranes. Sust ai ned-r el ease
preparations nmay be prepared. Suitable exanples of sustained-rel ease
preparations include sem perneable matrices of solid hydrophobic polyners
cont ai i3i NnGinbther grtich odhelvaingntanothi alibodt ¢lass es swetrckiss, Bs tiek af fmgmaefts shaped
articles, e.g., filnms, or mcrocapsule. anpl.es of sustained-rel ease
matrices iNEF aptdbodipyexsloages ﬂl‘ﬁfo‘f"@ﬁ’é‘i e @Fede@ealﬁgwé, activity (US. Patent No.

pol y(2- hy%,ﬁ@%gbxﬁdmhﬂaﬁ%@ma Mo ROy kM1 gk 8h 8850k39s (19€uypol yl act i des
(U. S Pat. . 3,/773,919), copolyners of L-glutamc acid and y

et hyl - Lgl ut amatBic tvon- togeadadiiie regitry] ehen wised; hergirerefere, todégramiab|asid act i c

i d-glycolic aci | h as the LUP Tm.{i nj ect ab
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| eupr gloi dgc@68tcaiBlisesHend Qbm-rByilfucs-feorh adTcoKipleieytariey aqbehinihp togo@néd body
purified as disclosed herein or the congositlon conpri sing the anti body

and a phariadEutiiec sisidpengtapt(hbl, S04rdiZe pnd S9PRdR3IBedeflight igin wyipble

di agnostic, ther uf 4 r k | 18 )
Compos 1 REEEIPER frf)! s@haBia MR IS) B HER, AR DR
a manmal @abated dii Neghidrags of Rilglepidastof Gamlnnleditd difenst, StDEN Public Hbalth

anti body to the such as, 20

mal . h f CD20 ib
rituxi mab S%’Vl%ﬁ‘%@ﬂ%@ﬂf@é& afgﬁgaz@gB%be%af E/{P-t(f%db) ¥ fse 1stdes B9%hpl e
Non- H%gkiam@éa&ﬁm?{ﬁm N, resduch @HkeNa), (0052 @&2&9&1 9196108 f thyMRROCYLI C
as we S | Seases SucC

Leukenia, CL aut ol nmune d as rheunmdtoid arthritis
(RA), mul tchpinevasiablerdosiam 4S)6-32 (il 5836. (HRdrand A6l i(H3Hn thideai dhd t o

VEGF, such as bevaci z . 11 can used to inhihbit [ qgenesi s, , treat
cancer, aﬁ&“?l?léélf’mﬁﬁ’éEﬂg&“%é@‘%ﬁ@?‘aﬁ?ﬁé‘ﬁﬁ%&l‘c&@ﬁﬁ%G?%?Ni %E“é?va? | ¥s are
of fered byppayeQluds! drdl$hdsatvafRLIR A r&¥dueRYttRf thinMhk alyp&Rariable region

di sclosures of all citations in the specification are expressly

i ncor por atresidvee peherelpydefingder ence.  EXAMPLE 1: PURI FI CATI ON OF A CD20

ANTI BQDY 30 " Thi s e | e descri be n i nor i: C

chro ogr aphy Wé‘?&df ﬁ?frﬁ‘g%rfifgi}?‘ﬁgmga F-an qr’%i\ég%nﬁfgﬁlgg;iaﬁ%b&ﬂﬁa&fc uxi mab
is used fQutibdRésomyt htadbninifdal seqBéhce Morivel fom Hoa-hainay dhtiueogbbudline For

Ri tuxi mab nol ecule is disclosed in 5,736,137, Anderson et alL, (expressly

i ncor por atteeimest Rt hiypanigedbiibedics gge hyapan gynynoglobuling (1esinient @ppbodsy 14, xi mab
35 is co .Gi al .l f I ; Lon- hang
chr omat o% yf%ls@ﬂasg% o grrvfl ]{%‘g{@ %&%&ﬁ§£501b%&g?§4%¢19%9 DhlA,gfﬁoglac hed
prot ei n Aa lgptanidilaregleaNFAMSGIINIMan spidiasx o astiigrigpack 85 manst, r28 rpidtient i al

viruses. Rituximb binds to the coju under .the_l gad conditions. The
col unmi s OF HERDYREK FEimaly by tP%gJ@ﬁg%?iaﬁ@&ﬁ@&m pifigay, _aa@fﬂ&f-g@ W1 the
next use. ;M LD EhEwsk FRYoDERY $&HUES o PR G8HEn FimaRsdIsRilibakERpREed
affinity pool. The cation-exchangé pool may be held at Toomtenperature up

t o 30C f orbyuprtspodditgyen-hnman r&Givke Funpenm:d, haspgized hasibodics orey erwntsye
resin (PORGCS,50 HS(,r), i ed. Bi osyst.ens) .is,packed in a 10.col to a
hod hos gictucs g hie AoRBpuREin e WhaR E ybREDRC e i AmpRD). THksd

cati on- eXGhaRgeea: MiMdde & WirdRd rdine @hﬁaﬁ@@%&@mﬁnk@qngbﬁem,emu hliinbfiaéd on
buffer. After equilibration, the affinity pool is |oaded onto the_ col um

The pR8ducntibidydwill sompeise shbstantiahdead! phesdeasonas.t audntypicrhe tyel umbls t hen

washed with wash. 1 buff.er ol | owed..b r | ' ' ut ed
fromthe COMiHH llﬂ‘s‘?’l?‘}éh ?ﬁﬂ‘: sgli?f’rid%tﬁ%ﬁ?-agt(}rfeng%ﬁ e%glgi%l{’ ?)833 gﬂdk#@rmg those ﬁk
conpar i son f-KudeanciamaidokRbslid eid diher pibeasskdlyall dfiiee PR eSgits ardthend dfon
conpared to the original (control) process is provided in the follow ng

tabl e. Tatiuman:imgywpelebdnsegnensaf the ymagizediapiibadyeptionatly o pll kamgase
Chr omat Ogra@@e@ﬁt P 'i)8ﬁl%ﬁ%?san immunoglobulin constant region (Fc), typically that of a human

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

the humanized antibodies is very important to reduce antigenicity. According to the so-
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Phase Buffer conposition (original process) Buffer conposition
(exenplified process) Pre-equilibration 20mM MES, 500mM Nadl ,

pH 5. 50 None

Equi li bration 20nM MES, 60nM NaCl, pH 5.50 19nM MES, 60nM NaCl, pH 5.50
Load Conditioned Protein A pool, pH 5.00, Load density 5 50g/L resin
Condi tioned Protein A pool, pH 5.00, Load density < 50g/L resin Wash 1
20mM MBS, oﬁﬂm\/l'lb\daeﬁt“ 1nbthbd, 5{&6 XoqiintHERPE e pdﬂiaBleSﬂbﬂd!és hof2 Moo ddidMVES,

10mM NadCl
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SCIB:ened against the entire lr1111)\1{|a '\;ng k&o%)n uman var;gbngMO%E% se]qggnm I\ﬁg

human sequence which is closest to that of the rodent is then accepted as the human
framework (FR) for the humanized antibody (Sims et al., J. Immunol., 151:2296 (1993);
Chothia ef al., J. Mol. Biol., 196:901 (1987)).

Another method uses a particular framework derived from the consensus sequence
of all human antibodies of a particular subgroup of light or heavy chains. The same
framework may be used for several different humanized antibodies (Carter et al, Proc.
Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immnol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity
for the antigen and other favorable biological properties. To achieve this goal, according
to a preferred method, humanized antibodies are prepared by a process of analysis of the
parental sequences and various conceptual humanized products using three-dimensional
models of the parental and humanized sequences. Three-dimensional immunoglobulin
models are commonly available and are familiar to those skilled in the art. Computer
programs arc available which illustrate and display probable three-dimensional
conformational structures of selected candidate immunoglobulin seque.nces. Inspection of
these displays permits analysis of the likely role of the residues in the functioning of the
candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability
of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be
selected and combined from the recipient and import sequences so that the desired
antibody characteristic, such as increased affinity for the target antigen(s), is achieved. In
general, the CDR residues are directly and most substantially mvolved in influencing
antigen binding.

"Antibody fragments” comprise a portion of a full length antibody, generally the
antigen binding or variable region thereof. Examples of antibody fragments include Fab,
Fab', F(ab"),, and Fv fragments; diabodies; linear antibodies; single-chain antibody
molecules; and multispecific antibodies formed from antibody fragments. Various
techniques have been developed for the production of antibody fragments. Traditionally,
these fragments were derived via proteolytic digestion of intact antibodies (see, e.g.,
Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117 (1992) and
Brennan et al., Science, 229:81 (1985)). However, these fragments can now be produced

directly by recombinant host celfs. For example, the antibody fragments can be isolated

20-



pH 5.50 pH 5.50 Regeneration 20nM MES, 500naM NaCl, pH 5.50 None
Sanitization 0.5 N NaOH 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 rituxi mab process are provided in the follow ng table. Table 2:
Preferred pH, Conductivity and Mol arity Ranges for Rituxi mab Process

Buf f er Buffren tiGompibseily plage Tdrges dncuBee herveedltBuithaty, Vob'diH fipgiRarigean

Preferred Buffer pH
be directlyprecovered 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 (scEFv).

See WO 93/16185. "Single-chain Fv" or "sFv" antibody fragments comprise the Vy and
Vi, 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

Vi domains which enables the skv 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 (Vy) connected to a light
chain variable domain (V1) in the same polypeptide chain (Vi - V). 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 segments (Vy-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 antibodics, 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

221



Range Al |l owabl e Conductivity Range for Buffers Equilibr ation 19mVVES,
60mMM NaCl1 5.5 14 - 23mM MES 50 - 70 MM 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 Wsh 1 25nM
HEPES 7.8 15-35 MM HEPES 7.5 - 8.1

5  tumor cell antigen and the other arm directed against a cytotoxic trigger molecule such as

HERZ

anti-FcyRl/anti-CD15, anti-pl185 {FcyRIII (CD16), anti-CD3/anti-malignant B-cell

(1D10), anti-CD3/anti-p185"

anti-CD3/anti-OVCAR-3, anti-CD3/L-D1  (anti-colon  carcinoma), anti-CD3/anti-

, anti-CD3/anti-p97, anti-CD3/anti-renal cell carcinoma,

melanocyte stimulating hormone analog, anti-EGF receptor/anti-CD3, anti-CD3/anti-
10 CAMAI, anti-CD3/anti-CD19, anti-CD3/MoV18, anti-neural cell ahesion molecuier
(NCAM)/anti-CD3, anti-folate binding protein (FBP)/anti-CD3, anti-pan carcinoma
associated antigen (AMOC-31)/anti-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 converting 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. FeyRI, or FcyRI);, BsAbs for use in therapy of
infectious diseases such as anti-CD3/anti-herpes simplex virus (HSV), anti-T-cell
receptor:CD3 complex/aﬁti—inﬂuenza, anti-FeyR/anti-HIV; BsAbs for tumor detection in
vitro or in vive such as anti-CEA/anti-EOTUBE, anti-CEA/anti-DPTA, anti-

sHERY anti-hapten; BsAbs as vaccine adjuvants; and BsAbs as diagnostic tools such as

25  pl8
anti-rabbit IgG/anti-ferritin, anti-horse radish peroxidase (HRP)/anti-hormone, anti-
somatostatin/anti-substance P, anti-HRP/anti-FITC, anti-CEA/anti--galactosidase.
Examples of trispecific antibodies include anti—CD3/anﬁ—CD4/anti-CD37, anti-CI3/anti-
CD5/anti-CD37 and  anti-CD3/anti-CD8/anti-CD37. Bispecific antibodies can be

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

Antibodies with more than two valencies are contemplated. For example,
trispecific antibodies can be prepared. Tutt ef 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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0.5- 1 5 n5/cmWash 2 19mM MES 10mM NaCl 5.5 14 - 23mM MES 5- 15 nmM NaCl
5,0 - 6.0 0.6 - 2.2 nS/cmEl ution 19 nM MES 160 nM NaCl1 5.5 14 - 23 mM MES
140 -180 MM NaCl 5.3 - 5.7 13.4- 17.2 nS/cm Sanitizat ion 0.5N NaCH NA NA
NA NA Storage 0.1N NaOH

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 treatment 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" is 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 substrate 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. AL ) Y9, 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 Carrying Out the Invention

The invention herein provides methods for purifying an antibody 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 dntibodies

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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the resin. After |oading, the colum is shed with a high p(l—| buffer to
f | ush 26he hosta BUsTREIEARISINS-t Hﬁ@wr,t ﬁélug&eﬁﬁ other genera, Specles, and strains are

commonly available and useful 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; yarrowia (EP
30 402,226); Pichia pastoris (EP 183,070), Candida; Trichoderma reesia (EP 244,234);
Neurospora crassa, Schwannionyces such as Schwanniomyces occidentalis; and
filamentous fungi such as, e.g., Neurospora, Penicillium, Tolypocladium, and Aspergillus

hosts such as A. nidulans and A. niger.
Suitable host cells for the expression of glycosylated antibody are derived from
35 multicellular organisms. Fxamples of invertebrate cells include plant and insect cells.
Numerous baculoviral strains and variants and corresponding permissive insect host cells

from hosts such as Spedoptera frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes

4.



5 and renove CHOP inpurities. The colum is then washed with a | ow salt
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~ particularly for transfection of Spodoptera frugiperda cells. Plant cell cultures of cotton,
16 | cotn, potato, soybean, petunia, tomato, and tobacco can also be utilized as hosts.

However, interest has been greatest in vertebrate cells, and propagation of
vertebrate cells in culture (tissue culture) has become a routine procedure. Examples of
useful mammalian host cell lines include, but are not limited to, monkey kidney CV1 cells |
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney cells (293 or

15 293 cells subcloned for growth in suspension culture, Graham et al., J. Gen Virol. 36:59
(1977)); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-
DHFR (CHO, Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)); mouse sertoli
célls (TM4,_Mather,l Biol. Reprod. 23:243-251 (1980)); monkey kidney cells (CV1 ATCC
CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587);, human

20 cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC

 CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human fung cells (W138,
'ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT
060562, ATCC CCL51); TRI cells (Mather et al, Annals N.Y. Acad. Sci. 383:44-68
(1982)); MRC 5 cells; FS4 cells; and human hepatoma cells (Hep G2). Often, CHO cells

25  are preferred for the expression of antibodies, and may be advantageously used to produce
the antibodies purified in accordance with the present invention.

Host cells are transformed with the above-described expression or cloning vectors
for antibody production and cultured in conventional nutrient media modified as
appropriate for inducing promoters, selecting transformants, or amplifying the genes

30  encoding the desired sequences.

The host cells used to produce the antibody of this invention may be cultured in a
variety of media. Commerciaily 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), Bamnes et al., Anal.
Biochem.102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,866, 4,927,762, 4,560,055, or
5,122,469, WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as

-25-



bevaci zumab / L of resin 100 Wash 1 25nM MOPS, pH 7.0 3 CV 100 Wash 2 23nM
MES / 10mM NaCl pH 5.5, cond.1.5 nS/cm 3 CV 100 Elution 23nM MES / 175 nM
NaCl Start Pooling End Pooling 7 Cv OD 280 > 0.5 OD 280 < 1.0 100 NA NA
Sanitization 0.5N NaOH 3 - 6 CV 50 - 100

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 elements (defined as inorganic compounds

10 usually present at final concentrations in the micromolar range), and glucose or an
equivalent energy source. Any other necessary supplements may also be included at -
appropriate concentrations that would be known to those skiiled 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 i_lsing recombinant techniques, the antibody can be produced intracellularly,
in the periplasmic space, or directly secreted into the medium. If the antibody is produced
intracellularly, as-a first step, the particulate debris, either 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, supematants from such

20  cxpression systems may be concentrated using a commercially available protem

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 Chi.nese Hamster Ovary (CHO) recombinant host cell culture.

Optionally, the composition has been subjected to at least one purification step prior o

| cation exchange cﬁromatography. The composition contains the antibody of interest and

30  one or more contaminants, such as Chinesc Hamster Ovary Proteins (CHOP); leached

protein A; nucleic acid; a variant, {ragment, 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 pu:riﬁcatioh procedures which may be performed prior to,

35  during, or foll-owi'ng the cation exchange chrofnatography method include fractionation on

a hydrophobic interaction chromatography (e.g. on PHENYL-SEPHAROSE™), ethanol

precipitation, isoelectric focusing, Reverse Phase HPLC, chromatography on silica,
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Storage 0.1N NaOH 3 - 6. Cv 50 - 100 15 The desired pH, conductivity
and nolarity ranges for the |oad and buffers in the bevaci zumab process
are provided in the following table. 5 Table 4: Preferred pit,
Conductivity and Mol arity Ranges for Bevaci zumab Process Target buffer
Target pH range Target conductivity range Preferred buffer nolarity range
Pr ef er sed dpedrhisgraityroanger RN SEPRARNSYES, abéinddch@fst chrofatdpr@iySutther

7.7n5/ cm 13-33nM MES 50- 70mM NaCl 5.1-5.9 Load VF poqal diluted with water

for injectibyn 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 substrate,

10 ligand or anﬁgen 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
ckchange material, (3) a first wash step; (4) a sccond 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 protcin 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 - pH ofabout 5t0 5.5.

In the preferred embodiment 6f 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 available 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
exemplaiy equilibration buffer comprises 19mM MES, 60mM NaCl, pH 5.50. Another

35  exemplary equilibration buffer comprises 23mM MES, 60mM NaCl, pH 5.50.

Foﬂowing equilibration, an aqueous solution comprising the antibody of interest

and one or more contaminants is loaded onto the cation exchange material. Optionally,
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the pH of the load is in the range from about 4.0 to about 6.0, for example about pH 5.0 or

about pH 5.5. In 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

chmmatography purification, pH 5.0 is loaded on the cation exchange material. In
another embodnnent a conditioned Q-SEPHAROSE® pool, pH 5. 5 is loaded onto the
cation excharige material. Exemplary load densities are in the range from about 10 fo
about 100 g/L fesin, preferably from about 10 to about 60g/L resin, most preferably fr(_)m
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

. 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 elute 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
units hig_her; 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 {0 HEPES, MES, sodium acefate, TRIS/HCIL, Triethanolamine
hydrochloride/NaOH, Bicine/HCl, Tricine/HCl etc. The preferred first wash buffer
comprises or consists of: (1) 25mM HEPES, pH 7.8 or (2) 25mM MOPS, pH 7.0.

~ In this tegard, the present invention provides a composition comprising a
recombinant chimeric CD20 antibody, such as rituximab, in 25mM HEPES, pH 7.8. The
invention also provides a recombinant humanized VEGF antibody, such as bevacizumab,
in 25mM MOPS, pH 7.0. Such compositions are useful, among other things, as
intermediate compositions uscd in the purification of these products.

The invention herein generally entails at least one further, or a second, wash step
using a second wash buffer. The pH of the second wash buffer preferably is lower than
that of the first wash buffer, for example from about 2 to about 3 pH units lower. So, for
example, the pH of the second wash buffer may be in the range from about pH 5.0 to
about pH 6.0. Preferably, the pH of the second wash buffer is about 5.5. Examples of
buffers which buffer in this pH range include, but are not limited to, MES, acetic

acid/sodium acetate or NaQH, NaH,P0,/Na,HPQ,, Bis.Tris/HCL. MES, pH 5.5 is the

_28-

-5.7 < 5.5 nB/cm< 6.5n5/cm 5.2-5.8 Wash 1 25nmM MOPS 6.9-7.1
cm.15- 35nM MOPs 6. 6-7.4 Wash 2 23mM MES 10mM NaCl 5.4-5.6
cm 13- 33rT1\/IIVI ES 5-20nM NaCl 5.1-5.9 Elution 23nM MES 175nmM



5.45-5.55 17.5-18.5 n/cm 13-33nM MES 160-190mM NaCl 5.4-5.6 Sanitization
0. 5N NaOH NA 50-60nS/cm (1:1 diluted) 0.5N NaCl NA Storage 0.1N NaOH NA
17-27mB/ cm 0. IN NaOH NA The present process was found to be
superior to the original bevaci zumab process 10 which used a first wash
buffer pH 5.5. The new process herein was able to achieve pools 5 with
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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 ecluting the desired antibody. Contaminants such as

10  those discussed above are removed from the cation exchange material during the first
arid/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 cxchange material. Elution of the antibody may be achieved by increasing the

15  -conductivity or ionic strength. Desirably, the conductivity of the elution bufler is greater
than- about 10mS/cm. Increased conductivity may be achieved by including a relatively

“high salt coﬁccntration in the elution buffer. Exemplary salts for this purpose include,

without limitation, sodium acetate, sodium chloride (NaCl), and potassium chloride
(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 préferred clution buffer comprises: 23mM MES, 175mM NaCl, pH 5.5. Elution
preferably involves step elution (as opposed to gradient elution).

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

25  necessary 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
cdntaminant(s) (e. g. where pIl of the loaded composition is about 5.0 or about 5.5), first

30 wash Step for cluting 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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anti body and at feast one contam nant, which nmethod conprises the
sequenti at steps of: (a) loading the conposition onto a cation
exchange material wherein the 10conposition 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 conposition in (a), wherein the pH of the first
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sul fopropyl groups. 109. The nethod of claim1 wherein the contam nant is
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anti body to one or npre further purification steps either before, d1 ring,
or 20° methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-creso l)J;

low molecular weight (less than about 10 residues) polypeptide; proteins, such as serum
albumin, gelatin, or immunoglobulins, hydrophilic  polymers such as
polyvinylpyﬁoliddne; 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 TWEEN™,

PLURONICS™ or polyethylene 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-(methylmethacylate)
microcapsule, respectively, in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in
macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences

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 filiration membranes.
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after steps (a) through (d) so as to obtain a honogeneous preparation of

t he anti body. 11. The method of claim 10 further conprising
conjugating the purified anti body with a heterol ogous nol ecul e. 20

12. The method of claim 10 or 11 further conprising preparing a

phar maceuti cal conposition by conbining the honbgeneous preparation of the

anti body or comjusghigdelantiphgyatiohs Mmag bohaepareie Suitatdd byanglees abhiied-
carrier. 2513. A method for purifying an antibody that binds_ hunan CD20

froma corpl§aiet PisRatakeRsr nsiudg ﬁteﬁépe&ﬁ??bé‘bdlgﬁt%‘ﬁd olyt byggprhadis pakmsENt s
| ected f
(G0 1 B BN B0 SOOI e e G R o BB Y, Tk et noa

conpri ses ﬂlhxs mqluemdapéuhst Ep&nldés of sustained-reledse) mlatmels ngclodee poyrpos) ti on
onto a cati- change ma erla ein e Oco S|t|on|s from
about 4.0 °§ ?f%B @Y‘a“( LY%@IW&%EP}%W an‘ﬁe H‘B’p@?ﬁ%lf:aw?}

first jpas Lbh?ﬁcftﬁés Al sa PQ\H ]‘fI(S OfTy PP, &)p%lytn%rﬁgfjlﬂ glafhic a&@)anﬁ@s@thﬂgbt he

cation ex nge material wi th’'a Second wash buffer at afrom about 5.0 to
about 6. 0;glamdat85 fd)-dedradabieg cthiylenaminyb edstates degredublec biviioncidxdyratigecid

t I | ut ff Hf b 50t t 6.0 d
T conduct [ OPUGmPR hEtbuTE LSRG ATl S hiec b comherss SommRiel ShleHB of
claim13 "J@ﬁr@&lﬁ:hﬁuﬁ@%ﬁ&ﬁﬁé’r b [aubfalu@%em@ ahdepdipithed; wﬁkghmrﬂes

wherein the ution buffer” conprises about t o ‘about 300mMM
16. A et hadidf or pur| fy| ng an anti body that b| nds human vascul ar

endotglial gr %%{%Sg%rsif 03| I an conp risin %
antib gy and o?ﬁg tﬁyepg ésﬁfsqe 8{1 t ?8%“??@ Gr 8(1)}8%(1:% e | ng
of a cell aﬁﬂﬂ)dd-}'r&d@gh@nﬁ@éﬁ@@&ﬂ%ﬂﬁcceﬁ%ﬁr&ﬂwﬂas @Grnnese fhlavmioes dgadsyic,
Proteins (CHOP), DNA, viral contam nant, and
therapeuhc or other uses known for such antibodies and compositions. For example, the
antibody may be used to treat a disorder in a mammal by administering a therapeutically
effective amount of the antibody to the mammal. In the case of a CD20 antibody such as
20 rituximab it can be used to deplete B-cells, treat lymphoma (for example Non-Hodgkin’s
Lymphoma, NHL), or leukemia (for example Chronic Lymphocytic Leukemia, CLL) as
well as autoimmune diseases such as rheumatoid arthritis (RA), multiple scletosis (MS),
lupus etc. For an antihody 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 example describes an improved cation exchange chromatography process for
purifying a CD20Q antibody, rituximab. Rituximab is used for therapy of NHL, CLL, RA,
MS, etc. The structure of the Rituximab molecule is disclosed in 5,736,137, Anderson et
al., {expressly incorporated herein by reference) as well as Figs. 1A-1B herein. Rituximab
35  is commercially available from Genentech, Inc.
Cation-exchange chromatography is used to further reduce the levels of CHOP,
DNA, Icached protein A, garamycin (GENTAMY CIN®), Rituximab aggregates, and
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15 aggregated VEGF anti body, which nethod conprises the sequential steps
of: (a) loading the conposition onto a cation exchange material wherein
the conposition is at a pH fromabout 4.0 to about 6.0; (b) washing the
- cation exchange material with a first wash buffer at a pH from about 6.8
to about 8.0; 20(c) washing the cation exchange material with a second
wash bgf f gioteatialaviuisbst Ratmxahduiiings 0 theocoabmutndsr Ore laaidcopdifiord. utherglunire

anti body fromthe cation exchan mat eri al ,using.. elytion buffer with a
pH from aﬁ%glﬁn Bﬁa@eﬁoel‘étﬁwﬁg%leﬁ“%nﬁzﬁ% ﬁfb‘kﬁ?‘ieg |“ﬁ§}ﬁp‘? B?ﬁqé‘ﬁ%ﬂ}'\fd“g@%ﬁ/ cmto
about 100@?61@%&@@6 dséd (o PR chB LA AR fhatch 3F AIGhRy YOAT GhB cithie-BBhdnkegyoli S
bevaci zumab. 18.” The nethod of claim 16 wherein the el ution buffer

conpr i ses madyduthelkxo roam &ivenerat@EOMW BREY for3p ta § days erawpeSifor entocdods.i si ng
rituximab in a buffer conprising about 25mM HEPES, at a pH of about 7.8.

0 heTorm LSO 208, OB TSR R L B SRS AT, 2™
Vandai i TEBECo R ABBYABUR B R ek B Y e RO B Rovmroomapi
<130> P2288fRin-wMohaids@olupd BLASS 082bragd Sluti@0iTh i Bgationeailcp 0ARS1 0> 1
equiﬁbration, the affinity pool is loaded onto the column. The product binds to the
column under these cdnditions. The column is then washed with wash 1 buffer, followed
by wash 2 buffer. Rituximab is eluted from the column using a high-ionic-strength
15  elution buffer.

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

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

Table 1: Comparison 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
Kquilibration 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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<211> 432 <212> PRT <213> Artifici al sequence <220> <223> sequence is

synt hesi zed <400> 1 G n Val
Pro Gy 151015 Ala Ser Val
202530 Ser Tyr Asn Met His Trp Val
Ile Gy Ala Ile Tyr

Qu Trp
Lys Phe
Tyr Met
Ala Arg
Ala Gy
Val Phe

10

Lys G n Thr

Pro Ay Asn Ay Asp Thr

Gnleu Gn Gn Pro dy Ala Qu Leu Val
Lys Met Ser Cys Lys Ala Ser Gy Tyr Thr
Pro Gy Arg Ay Leu 354045
505560 Asn G n

Ser Tyr

Lys
Phe Thr

Lys Ay Lys Ala Thr LegiH3bo Ala Asp Lys Sei 633075 Ser Ser Thr Ala
G n Leu Ser Ser Leu Thr .Ser G u Asp 808590 Ser Ala val Tyr Tyr Cys
$er N FYT Ty &y G354 Nk Phe Asti"val Trp [y
'I'F\i{reg‘!fﬁéra@é " Thr val Sef ?ﬁ%@gﬁjﬁa gpa enre Thr Lys Ay Prg Ser
Pro Leu Ala Pro Ser 12%1 ‘0135
Sanitization 0.5 N NaOH 0.5 N NaOH
Storage 0.1 N NaOH 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: Pi‘eferred pH, Conduectivity and Molarity Ranges for Rituximab Process
Buffer Target pH | Preferred Buffer | Preferred Allowable
_B uifer Composition Molarity Range | Buffer pH | Conductivity
Range Range for
Buffers
Equilibr | 19mM MES, 5.5 14 -23mMMES | 5.0-60 [50-72mS/cm
ation 60mM NaCl 50 — 70 mM NaCl
Load Conditioned 5.0 NA 45-55 |2.5-55mS/cm
Protein A Pool
Wash 1 | 25mM HEPES 7.8 15-35 mM HEPES | 7.5-8.1 |0.5-1.5mS/cm
Wash 2 | 19mM MES 5.5 14 — 23mM MES 50-6.0 10.6-2.2mS/cm
_ 5 — 15 mM NaCl
10mM NaCl
Elution | 19 mM MES 55 14.-23 mM MES 5357 13.4-172
140 -180 mM Na(l mS/cm
160 mM NaCl
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.
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Ser

Thr
Tyr
Gn
Val
Pro
Phe
Val
Au
H s

Lys Ser Thr Ser Ay @y Thr Ala Ala Leu Ay Cys Leu Val 140145150 Lys
Tyr Phe Pro A u Pro Val Thr Val Ser Trp Asn Ser Ay 155160165 Ala Leu
Ser Gy Val H's Thr Phe Pro Ala Val Leu G n Ser 170175180 Ser Ay Leu
Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser 185190195 Ser Leu dy Thr
Thr Tyr Ile Cys Asn Val Asn H s Lys Pro 200205210 2 Ser Asn Thr Lys
Asg Lys Ly%héleﬁergalkﬁeﬁrp?odeyﬁoﬁmtu%b Aficdha 20R0ed #6 radbkinkisf Thr  Cys
Pro Cys Pro Ala Pro Q'u Leu Leu Ay 230235240 Gy Pro Ser VaI Phe Leu
Pro PrhgstLOﬁﬁ pﬁrt@nLS}rsowéby Wﬂbhll%blghm%?@@f hest celf arotins inilig Wwash Pro QG u
o SRSyl 2SRRI it ol By 08 L8
A n Aspd Fichithiais tAs &n&&@?&ﬁﬁ@&lpmmes in the subsequent downstream step. Fig. 3
illustrates the advantages of the present process in tetms 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 (rhuMAb VEGF),
bevacizumab. The structure of the bevacizumab molecule is d.iscloéed in US Patent
7,169,901, Presta et al., expressly incorporated herein by reference. See also Figs. 2A-2B
15  herein. Bevacizumab is commercially available from Genentech, 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 resing were evaluated with respect to: process performance
~ (impurities Temoval, 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 éelected 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-elute 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 storage by washing with
equilibration buffer. The viral filtered pool will be diluted with 0.3 volumes of water for
injection (WFT) to meet the conductivity limit of < 5.5 mS/cm. The viral filtered pool is
35  then loaded onto the equilibrated cotumn. 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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Ay
I'le
Val
Ser
du
Pro
Val
Met
Ser

Adn

Lys Qu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala 305310315 Pro
GQu Lys Thr Ile ser Lys Ala Lys (fly Gn Pro Arg G u 320325330 Pro @ n

Tyr Thr Leu Pro Pro Ser Arg Asp GQu Leu Thr Lys 335340345 Asn G n

Leu Thr Cys Leu val Lys Ay Phe Tyr Pro Ser 350355360 Asp Ile Ala
Trp Gu Ser Asn Ay A n Pro Gu Asn Asn 365370375 Tyr Lys Thr Thr

Vals L%ﬂd%éﬂm%e(ﬁﬂéﬁ @ﬂueﬁem?&ﬁmﬁﬂ% ﬁ&@%&é@@%&m&mu%&%ﬁ%@u
Asp Lys Ser Arg T @ n dy 395400405 Asn Val Phe Cys S

H s Qthe N{and@wpmeﬁhﬁsmumﬁonimgﬁﬁ@dﬂpyrs 6hi¢pd ®ing Ryisp Sbmomﬁ h%lr

Ser  Prsgnifb@l 1t sdo@tib-aBeh sdNi@onS@rs RMuOH) prior to storage in storage solution (0.1
N NaOH) until its next use.
10 The following table provides a description of the conditions for the bevacizumab

process of the invention herein.

Table 3 - Bevaciznmab Process

Phase | Buffer / Solution Process Parameter | I10W rate
{cm/hr)
Bed  Height :
(em) 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¢g
Load (VF) Pool pH 5.5+ bevacizumab / 100
0.2, cond. 5.5 mS/cm L of resin
Wash 1 25mM MOPS, pH 7.0 3CV 100
Wash 2 23mM MES / 10mM NaCl 30V 100
pH 5.5, cond.1.5 mS/cm
p 5.5, cond. 18 mS/cm
Elution Start Pooling OD. 55 > 0.5 N/A
End Pooling oD 280 = 1.0 N/ A
Sanitization | 0.5N NaOH 3-6CV 50 - 100
Storage | 0.1N NaOH 3-6CV 50 - 100

15

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

bevacizumab process are iarovided in the following table.

35-
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151015 dy du Lys Val
Ile
Tyr Al a

Tyr

Ser

Al a
Ay

Phe
Val

Trp
Thr
Thr

10

Thr Met Thr Cys Arg Ala Ser Ser Ser Val
Hs Trp Phe G n A n Lys Pro Gy Ser Ser Pro Lys Pro 354045 Trp lle
Thr Ser Asn Leu Ala ser Ay Val Pro Val Arg 505560 Phe Ser Ay Ser
Gy Thr Ser Tyr Ser Leu Thr Ile Ser 657075 3 Arg Val u Ala Qu
Ala Thr Tyr Tyr Cys Gn Gn Trp 808590 Thr Ser Asn Pro Pro Thr Phe
Gpabldd: Baeserk&LpIE Qondwetidfig @01 0olhyisy Ragee ior BataciximaBblPxoéso ser

Ile Phe Pro Pro ser 110115120 Asp Gu G n Leu Lys ser Gy Thr Al a

Ser 202530

Val Cys Leu' Leu 125130135 Asn Asn Phe Tyr Pro Arg Qu Ala Lys val
Lys Val Asp 140145150 Asn Ala leu Gn Ser Gy Asn Ser G n 3 u Ser
Hu G n 155116@385 Asp Hegelpyld ASprSdr Thr| PieferB8sl LdtreBaredSer| Thr
Leu buffer range conductivity | buffer buffer pH
range molarity range
range
Equil. 23mM MES, | 5.4-5.60 6.1 - 13-33mM 5.1-59
60mM NaCl 7. 7mS/cm MES
50-70mM
NaCl
Load VF pool 53-5.7 <55mS/cm | <6.5mS/em | 52-5.8
diluted with :
| water for
injection
(WKL)
Wash 1 25mM 69-7.1 0.2-1.2 15-35mM 6.6-7.4
MOPS mS/cm MOPs
Wash 2 23mM MES | 54-5.6 1.2-1.8 13-33mM | 5.1-59
. mS/cm MES
10mM NaCl ,
5-20mM
NaCl
Elution 23mM MES | 545-5.55 17.5-18.5 13-33mM 54-5.6
mS/cm MES
175mM
NaCl 160-190mM
NaCl
S'aﬁitization 0.5NNaOH | NA 50-60mS/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

which used a first wash buffer pH 5.5. The new process herein was able to achieve pools



170175180 Ser Lys Ala Asp Tyr GQu Lys H's Lys Val Tyr Ala Cys du Val
185190195 Thr Hs Gn Ay Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg
200205210 Gy @ u Cys <210> 3 <211> 121 <212> PRT <213> Artifici al
sequence <220> <223> sequence is synthesized <400> 3 Gn Val Gn Leu Gn
Gn Pro Ay Ala Qu Leu Val Lys Pro Ay 151015 Ala Ser Val Lys Met Ser Cys
Lys Al 8 Setitlowed YHOENevEBeit dbiic A 25/ gheBatep Tyeld Asd wak tin bivaall tprd/edbuktys G n
Thr Pro Ay Arg Gy Leu 354045 Qu Trp Ile Ay Ala lle Tyr Pro Ay Asn Gy
Asp Thr ' S@FOCEyy losebBgnaadit g Lys Phe Lys Ay Lys Ala Thr Leu Thr Ala Asp
Lys Ser 657075 Ser Ser Thr Ala Tyr Met G n Leu Ser Ser Leu Thr Ser du Asp
808590 Ser Ala Val Tyr Tyr cys Ala Arg Ser Thr Tyr Tyr Gy Ay Asp



95100105 Trp Tyr Phe Asn Val Trp Gy Ala Ay Thr Thr Val Thr Val Ser
110115120 Al a <210> 4 <211> 106 <212> PRT <213> Artificial sequence <220>
<223> sequence is synthesized <400> 4 An Ile val Leu Ser A n ser Pro Ala
Ile Leu Ser Ala ser Pro 151015 dy GQu Lys Val Thr Met Thr Cys Arg Al a Ser
Ser Ser val Ser 202530 Tyr Ile Hs Trp Phe Gn.An Lys Pro Gy Ser Ser Pro
- Lys Prag 3540y iIfr@LAINEDYE: Ala Thr ser Asn Leu Ala Ser Gy Vval Pro val Arg
505560 Phe Ser Ay Ser Ay Ser Ay Thr ser Tyr Ser Leu Thr Ile Ser 657075
Arg Val Qu Ala Gu Asp Ala Ala Thr Tyr Tyr Cys G n d@n Trp 808590

1. A. method for purifying an antibody from a composition comprising the

antibody and at least one contaminant, which method comprises the sequential steps of:
(a) loading the composition onto a cation exchange material wherein the
10 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 about 6.8 to about 9.0;

(c) washing the cation cxchange material with a second wash buffer at a pH which
15 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 substantially greater than that of the second wash

buffer.

20 2, The method of claim 1 wherein the pH of the second wash buffer and the

pH of the clution buffer are approximately the same.
3. The nmethod of claim 1 wherein the antibody binds to human CDZ20,

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

endothelial growth factor (VEGF).

5. The method of claim 1 wherein the pH of the composition in (a) is from
about 4.0 to about 6.0, the pH of the first wash buffer is from about 6.8 to about 8.0, the
30  pH of the sccond wash buffer is from about 5.0 to about 6.0, and the pH of the clution

buffer is from about 5.0 to about 6.0.

6. The method of claim 1 wherein the conductivity of the elution buffer is
from about 10mS/cm to about 100mS/cm.
35 |
7. The method of claim 1 wherein the elution buffer comprises about 100 to

about 300mM NaCl.



Thr Ser Asn Pro Pro Thr Phe Ay Gy Gy Thr Lys Leu Qu Ile 95100105 Lys
<210> 5 <211> 5 <212> PRT <213> Artificial sequence <220> <223> seguence
i s synthesized <400> 5 Ser Tyr Asn net His 5 <210> 6 <211> 17 <212> PRT
<213> Artificial sequence <220> <223> sequence is synthesized <400> 6 Al a
Ile Tyr Pro Gy Asn Ay Asp Thr Ser Tyr Asn G n Lys Phe 151015 Lys Gy
<210> % <211> 12 <212> PRT <213> Artificial sequence

8. The method of claim 1 wherein the cation exchange material comprises
cross-linked  poly(styrene-divinylbenzene) flow-through particles coated with a
polyhydroxylated polymer functionalized with sulfopropyl groups.

10 9. The method of claim 1 wherein the contaminant is selected from the group
consisting of Chinese Hamster Ovary Proteins (CHOP), leached protein A, DNA,

aggregated antibody, cell culture media component, garamycin, and viral contarninant.

10. ~ The mcthod of claim 1 further comprising subjecting the composition
15 coinprising 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.

11.  The method of claim 10 further comprising conjugating the purified
_antibody with a heterologous molecule.
20
12. The method of claim 10 or 11 further comprising preparng a
pharmaceutical composition by combining the homogencous preparation of the antibody

- or conjugated antibody with a pharmaceutically acceptable carrier.

25 13. 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 material wherein the

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

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

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

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

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

ahout 100mS/cm.
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<220> <223> sequence is synthesized <400> 7 Ser Thr Tyr Tyr Ay Ay Asp
Trp Tyr Phe Asn val 510 <210> 8 <211> 10 <212> PRT <213> Artificial

sequence <220> <223> sequence i s synthesized <400> 8 Arg Ala Ser Ser Ser

Val Ser Tyr Ile Hs 510 <210> 9 <211> 7 <212> PRT <213> Artifici al
sequence <220> <223> sequence i s synthesized <400> 9 Ala Thr Ser Asn Leu
Ala Seg 5 <210> 10 <211> 9

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

15.  The method of claim 13 wherein the elution buffer comprises about 100 to
about 300mM NaCl.
10
16. 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
15  aggregated VEGF antibody, which method comprises the sequential steps of:
(a) loading the composition onto a cation exchange matérial wherein the
composition is at a pH from about 4.0 to about 6.0;
| (b) washing the cation exchange material with a first wash buffer at a pH from
about 6.8 tb about 8.0,
20 (c) washing the cation exchange material with a second wash buffer at a pH: from
about 5.0 to about 6.0, and
(d) eluting the antibody from the cation exchange material using an elution buffer
with a pH from about 5.0 to about 6.0 and a conductivity from about 10mS/cm to
about 100mS/cm.
25 |

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

18. The method of claim 16 wherein the elution buffer comprises about 100 to
about 300mM NaCl.

30
19. A composition comprising rituximab in a buffer comprising about 25mM

HEPES, at a pH of about 7.8,

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

35 MOPS at a pH of about 7.0.
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<212> PRT <213> Artificial

sequence <220> <223> sequence i s synthesized

<400> 10 G n d@n Trp Thr Ser Asn Pro Pro Thr 5 <210> 11 <211> 453 <212>
<213> Artificial sequence <220> <223> sequence i s synthesized <400> 11

PRT
du
Leu
Asn
Asn
Thr

Leu
Tyr

Val dn Leu Val Gu Ser dy Ay Ay Leu val Gdn Pro Ay 151015
Arg Leu Ser Cys Ala Ala Ser Ay Tyr Thr Phe Thr 202530 Asn Tyr
Trp Val Arg Gi n Ala Pro Gaqueyse Giytingu 354045 G u Trp val Ay
Thr Tyr Thr G u Pro Thr Tyr 505560 Ala Ala Asp Phe Lys Arg

fﬁ«“ Efgﬁ ﬁg&g& E§g075 Lys Ser Thr Ala Tyr Leu Gn net
Arg n‘? r Ala Val Tyr Tyr Cys Ala Lys Tyr Pro
Ay Serfta, Aureha

Sharma mMandakini

<120> ANTIBODY PURIFICATION BY CATION EXCHANGE CHROMATOGRAPHY

<130> P2280R1 WO

<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 61n Lteu GIn G1n 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 Asn Met His Trp val Lys G1n Thr pro Gly Arg Gly Leu
35 40 45

Glu Trp Ile Gly Ala Ile Tyr Pro Gly Asn Gly Asp Thr ser T%B
50 55

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

ser Ser Thr Ala Tyr Met GIn Leu Ser Ser Leu Thr Ser Glu Asp
80 85 90

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 Sser 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 pPro 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 Gln 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 Gln Thr Tyr Ile Cys Asn val Asn His Lys Pro
200 205 10

Gy Ser
Gy Mt
Trp Ile
Arg Phe
Asn Ser
Hs Tyr



95100105 Ser His Trp Tyr Phe Asp Val Trp Ay @n Gy Thr Leu Val Thr
110115120 6 val Ser Ser Ala Ser Thr Lys Gy Pro Ser Val Phe Pro Leu Ala
125130135 Pro Ser Ser Lys Ser Thr Ser Ay Ay Thr Ala Ala Leu Ay cys
140145150 Leu Val Lys Asp Tyr Phe Pro Qu Pro Val Thr Val Ser Trp Asn
155160165 Ser Ay Ala Leu Thr Ser dy>vVal H's Thr Phe Pro Ala Val Leu
17017&k8Rskahr Sers ST a6byLlseuysTwlaSelu bea LJerseseryd/alspVal Thr Val Pro
588590195 Ser Ser Bkr Leu Gy Thr @ Thr Tyr lle Of45Asn Val Asn His
1 h S A u Pro Lys Ser
ZISZ%Zgh'LmS (il Efg PAﬁnP;El Ey# C§I§; 19*?(2 dIJDI)rﬂoLéuyge‘}I;%g%Al Pro Glyu Leu
230235240 Leu GI Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
245256255!"%%8%‘@\] g)ﬁ Lep P8 ProvPaoTHES PO L@P&%Paﬂrh'“r@ggq/s val Val val

Met TIle Ser Arg Thr Pro Glu val Thr Asp Gly val Glu val His

260 265 270
Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn 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 Gln Pro Arg Glu
320 325 330
pro Gln val Tyr-Thr teu 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 GIn 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 Gin 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 is synthesized
<400> 2
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 Gln Lys Pro Gly Ser Ser Pro Lys Pro
35 40 45

Trp Ile Tyr Ala Thr Ser Asn teu 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



260265270 Asp Val
275280285 Asp Gy
290295300 G n Tyr
305310315 His G n
320325330 Asn Lys

335340348BalLy3u@hn

350355360 Arg Qu

36537
9% 'Iémén Gn

380385

395400405 Ser Asp G
410415420 BdPr AR
425430435 G u Al a

Asp Glu Gin Leu

Asn Asn

Asn Ala

Asp ser

ser Lys

Thr His

Gly Glu

<210 3

Phe

Leu

Tyr

Gln

Ser Hs Qu Asp Pro Gu Val Lys Phe Asn
Val Qu Val Hs Asn Ala Lys Thr Lys Pro
Asn Ser Thr Tyr Arg val Val Ser Val Leu
Asp Trp Leu Asn Ay Lys Au Tyr Lys Cys
Ala Leu Pro Ala Pro3lle Qu Lys Thr Ile
A APp A lar §1@Thr Py Grih Cval G imyel nTFrrp Leu
dU Met Thr Lys ASPE G n val Ser Led®Thr

ER?TFI-W He' @101 yASIY Trhe LAk a.eviak LGItI'eTrp
G u Asn ‘Asn Tmo Lys hr Thr Prio5Pro

Ser Phe Phe Lys Leu Th
g)Aaﬁ?rr@ %erevw%s it BherrelProgtr sor
y

eu Hs Asn H's rr Thr G n Lys Ser Leu
Lys Sser Gly Thr Ala Ser val val Cys Leu Leu

125 130 135
Pro Arg Glu Ala Lys val GIn Trp Lys val Asp
140 145 150

Ser Gly Asn Ser GIn Glu Ser val Thr Glu Gln
155 160 165

Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr teu Thr Leu

170 175 180

Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Giu val

Glin

cys

<211> 121
<212> PRT
<213> Artificial sequence

<220>

Gly

185 190 195

Leu Ser Ser Pro val Thr Lys Ser Phe Asn Arg
200 205 210

<223> sequence is synthesized

<400> 3
GIn val
1
Ala ser
ser Tyr
Glu Trp
Asn Gln
Ser Sser
ser Ala
Trp Tyr

Ala

<210> 4
<211> 106

GIn Leu GIn GIn Pro Gly Ala Glu Leu val Lys Pro Gly

val
Asn
Ile
LyS
Thr
val

Phe

<212> PRT

Lys

Met

Gly

Phe

Ala

Tyr

Asn

5 10 15

Met Ser Cys Lys Ala Ser Gly Tyr Thr phe Thr
20 25 30

His Trp val Lys GIn Thr Pro Gly Arg Gly Leu
35 40 45

Ala Ile Tyr Pro Gly Asn Gly Asp Thr Ser Tyr
50 5% 60

Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser
65 70 75

Tyr Met GIn Leu Ser Ser Leu Thr Ser Glu Asp
80 85 90

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

val Trp Gly Ala Gly Thr Thr val Thr val Ser
110 115 120

Trp
Arg
Thr
Lys
Ser
Pro
Cys
Au
Val

Val

Val

Ser

Tyr
Au
val

val

Lys
Pro
Leu
ser
Leu

Met
Leu

Val
Au
Leu
Ser
Al a
Ser
Val
Asn
Asp
Lys
H s
Ser



440445450 <210> 12 <211> 214 <212> PRT <213> Artificial sequence <220>

G@n Ser Pro Ser
Cys Ser Ala Ser
Pro Gy Lys Ala
Ay val Pro Ser

<223> sequence i s synthesized <400> 12 Asp Ile G n Met Thr
Ser Leu Ser Ala Ser val 151015 Ay Asp Arg Val Thr Ile Thr
Gn Asp Ile Ser 202530 Asn Tyr Leu Asn Trp Tyr Gn G n Lys
Pro Lys 354045 Val Leu Ile Tyr Phe Thg ser Ser Leu Hi's Ser
505568Q 3Ar g tPhiciSér sdgugnSer Ay Ser Gy Thr Asp Phe Thr Leu

Thr

e 657075

Ser Ser Leu Gn Pro Qu Asp Phe Ala Thr Tyr Tyr Cys G n G n 808590 Tyr Ser

Thr %gifﬁl’%% l?gs)}étaﬁegzyéd(] n Ay Thr Lys val du 95100105 Ile Lys Arg

Thr er Val Phe Ile Phe Pro Pro 110115120 Ser Asp Qu Gn
Leu 44pe>skr Ay Thr Ala Ser Val Val _Cys Leu 1%5130135
¢ln 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 49 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 sSer Leu Thr Ile Ser
: 65 70 75
Arg val Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln GIn Trp
80 35 90
Thr Ser Asn Pro pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile
95 100 105
Lys
<210> 5
<211l> 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 GIn Lys Phe
1 3 10 15

Lys Gly

<210> 7

<211> 12

<2125 PRT

<213> Artificial sequence

<220> .
<223> sequence is synthesized

<400> 7
ser Thr Tyr Tyr Gly Gly Asp Trp Tyr PQS Asn val
5 1



Leu Asn Asn Phe Tyr Pro Arg Gu Ala Lys Val Gn Trp Lys val 140145150 Asp
Asn Ala Leu Gn Ser Ay Asn Ser Gn GQu Ser Val Thr Qu 155160165 G n Asp
Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr 170175180 Leu Ser Lys
Ala Asp Tyr Gu Lys His Lys Val Tyr Ala Cys du 185190195 Val Thr H's Gn
Gy Leu Ser Ser Pro Val Thr Lys Ser Phe Asn 200205210 Arg Ay G u Cys
<21022118 &211> 123 <212> PRT <213> Artificial sequence <220> <223>
sequedide 1& synt hesi zed <400> 13 Gu Val Gn Leu Val Gu ser Ay Ay dy

Leu%ﬁtz}gr-- 5 Ay Ser Leu Arg Leu Ser Cys Ala Ala Ser Ay Tyr
Thr Bhe~ h?“%g%a?oxe%%% | Y

<220>

<223> sequence is synthesized

<400> 8

Arg Ala Ser Ser Ser val Ser Tyr Ile His
5 10

<210> 9

<211> 7

<212> PRT

<213> Artificial sequence

<220>

<223> sequence is synthesized

<400> 9

Ala Thr Ser Asn Leu Ala Ser
5

<210> 10

<211> 9

<212> PRT

<213> Artificial sequence

<220>

<223> sequence is synthesized

<400> 10

GIn G1In Trp Thr Ser Asn Pro Pro Thr
5

<210> 11
<211> 453
<212> PRT
<213> Artificial seguence

<220>
«223> sequence is synthesized

<400> 11
- Glu val GIn Leu val Glu ser Gly Gly Gly Leu val GIn pro Gly
L 5 10 15

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 Gilu 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 GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 920

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 GlIn Gly Thr Leu val Thr
110 115 120



Asn Tyr Ay nmet Asn Trp Val Arg Gn Ala Pro Ay Lys Ay Leu 354045 Gu 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
Gn Met Asn ser Leu Arg Ala G u Asp 808590 Thr Ala Val Tyr Tyr Cys Ala Lys
Tyr Pro His Tyr Tyr Gy Ser 95100105 ger H's Trp Tyr Phe Asp Val Trp Gy

G n Gay Jé skewVaderThhr 1181461200 vsalr Ber PBerpra20d>Ald <211> 108 <212> PRT
<213> Artificial sBjpuence <220> <2239 sequence i s sydthesized <400> 14 Asp

Ile Gn t . Thr G n S R rnl.e | 151015 Ay Asp Ar
Var TP Te sThirE Rercthe b &8 cFf ekl &P 85,548 YR
Leu val Lys Asp Tyr Phe Pro Glu pPro 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 pPhe 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 Glu Glu
290 295 300

Gln Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu
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 GIn Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser
: 350 355 360

Arg Glu Glu Met Thr Lys Asn Gln val Ser lLeu 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 Gln 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 teu 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

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser lLeu Ser
440 445 450

Pro Gly Lys



Asn Tyr
Ile Tyr

Leu Asn
Phe Thr
Ser Gy Ser Qy
Asp Phe Ala Thr
dy Gn dy Thr

Trp
Ser
Thr
Tyr
Lys

PFW-Sﬁb§>uArtificia

I1e 7%}

<220> . )
<223> sequence is synthesized

<400> 12

Asp
1
Gly
Asn
val
Arg
Ser
Tyr
Ile
Ser
Leu
Asp
Gln
Leu
val
Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>
1

Ile

Asp

Tyr

Leu

Phe

Ser

Ser

Lys

Asp

Asn

Asn

Asp

ser

Thr

Gly

13

123

Ser

Tyr
val

Leu H s Ser
Asp Phe Thr
Cys G n Gn 808590 Tyr
d u 95100105 Kl e Lys Arg <210> 15 <211> 10

Ay Vval
Leu Thr

Tyr Gn Gn Lys Pro Ay Lys Ala Pro Lys 354045
Pro Ser 505560 Arg Phe
Il e 657075 Ser
Ser Thr Val

Leu G n
Pro Trp

Val Leu
Ser Gy
Pro Gu
Thr Phe
<212>

sequence <220> <223> sequence i s synthesized <400> 15
1>TH¥4 Phe Thr Asn Tyr Ay Met Asn 510 <210> 16 <211> 17 <212> PRT
<21 F’t f?Tl %I ial

SSHFDEE

Gln Met Thr GIn Ser

Arg

Leu

Ile

ser

Leu

Thr

Arg

Glu

ASn

Ala

Ser

Lys

His

Glu

PRT
Artificial sequence

val

Asn

Tyr

Gly

Gln

val

Thr

Gln

Phe

Leu

Lys

Ala

GIn

Cys

5

Thr
20

Trp
35

Phe
50

ser
65

Pro
80

Pro
95

val
110

Leu
125

Tyr
140

GIn
155

Asp
170

Asp
185

Gly
200

Ile

TYr

Thr

Gly

Glu

Trp

Ala

Lys

Pro

ser

Ser

Tyr

Leu

Thr

Gln

Ser

Ser

ASp

Thr

Ala

Ser

Arg

Gly

Thr

Glu

Ser

Pro

Cys

Gln

Ser

Gly

Phe

Phe

Pro

Gly

Glu

Asn

Tyr

LyS

Ser

sequence is synthesized

13

5

ser

Ser

Lys

Leu

Thr

Ala

Gly

Ser

Thr

Ala

ser

sSer

His

Pro

Ser
10

Ala
25

Pro
40
His
55

Asp
70

Thr
&5

Gln
100

val
115

Ala
130

Lys
145

GIn
160

Leu
175

LYS
190

val
205

Gly Ser Leu Arg Leu Ser Cys Ala Ala ser
20 25

Leu Ser Ala
Ser GIn Asp
Gly Lys Ala
ser Gly val
Phe Thr iLeu
Tyr Tyr Cys
Gly Thr Lys
Phe Ile Phe
ser val val
val Gln Trp
Glu Ser val
Ser Ser Thr
val Tyr Ala

Thr Lys Sser

Ser

Ile

Pro

Pro

Thr

GIn

val

Pro

Cys

Lys

Thr

Leu

Cys

Phe

Glu val GlIn Leu val Glu Ser Gly Gly 61% Leu val GIn Pro Gly

val
15

Ser
30

LysS
45

ser
60

Ile
75

Gin
90

Glu
105

Pro
120

Leu
135

va'l
150

Glu
165

Thr
180

Glu
195

Asn
210

15

Gly Tyr Thr Phe Thr

30

<220> <223> sequence is synthesized <400> 16 Trp
u Pro Thr Tyr Ala Ala Asp Phe



151015 Lys Arg <210> 17 <211> 13 <212> PRT <213> Artificial

<223> sequence is synthesized <400> 17 Pro His Tyr Tyr

Tyr Phe Asp Val

510 <210> 18 <211> 11 <212> PRT <213> Artifici al

Ay Ser

sequence <220>

Ser Hs Trp
sequence

<220> <223> sequence i s synthesized <400> 18 Ser Ala Ser Gn Asp Ile Ser

Asn Tyr

Leu Asn 510 <210> 19 <211> 7 §212> PRT <213> Artifici al

<220asﬁ2%3>e$¢qumnx?1hsps&ﬂtm3552$dﬁg406>619lﬁheGEhL§§er Ser Leu His Ser 5
5

<210> 20
Glu Trp

Ala Ala

Lys

Thr

Ser

val

Ser

Ala

His

ser

<210> 14

<211>
<212>
<213>

108

val Gly Trp Ile Asn Thr Tyr

50

Asp Phe Lys
65

Thr Ala Tyr
80

val Tyr Tyr
95

Trp Tyr Phe

Ser

PRT _
Artificial sequence

<220>

«<223>

sequence s synthesized

<400> 14

ASp

1
Gly
Asn
val
Arg
Ser
Tyr

Ile

Ile

Asp

Tyr

Leu

Phe

ser

Ser

Lys

<210> 15
<211> 10
<212> PRT
<213> Artificial sequence

<220>

<223> sequence is synthesized

<400> 15

Gly Tyr Thr Phe Thr Asn Tyr Gly Met Aig

<210> 16
<21il> 17
PRT

<212>

Gln

Arg

L.eu

ITe

ser

Leu

Thr

Arg

Met

val

Asnh

TYr

Gly

Gln

val

110

Thr
5
Thr
20

Trp
35

Phe
50

sSer
65

Pro
80

Pro
95

5

Arg Arg Phe

Leu GIn Met

Cys Ala Lys

Asp val Trp

GIn

Ile

Tyr

Thr

Gly

Glu

Trp

Ser

Thr

Gln

Ser

Ser

Asp

Thr

Pro

Cys

GIn

ser

Gly

Phe

Phe

Thr

Asn

TYr

Gly

Ser

ser

Lys

Leu

Thr

Ala

Gly

Thr Gly Glu

55

Phe
70

ser
85

Pro
100

GIn
115

ser
10

Ala
25

Pro
40
His
55

Asp
70

Thr
85

GIn
100

Ser
Leu
His

Gly

Leu
ser
Gly
Ser
Phe
Tyr

Gly

Leu

Arg

Tyr

Thr

ser

Gln

Lys

Gly

Thr

Tyr

Thr

Pro Thr Tyr
60

Asp

Ala

Tyr

Leu

Ala

Asp

Ala

val

Leu

Cys

LysS

Thr

Glu

Gly

val

ser

Ile

Pro

Pro

Thr

GlIn

val

Ser
75

Asp
90

ser
105

Thr
120

val
15

ser
30

LYS
45

ser
60

Ile
75

Gin
90

Glu
105

sequence



<211> 9 <212> PRT <213> Artificial sequence <220> <223> sequence is
synt hesi zed <400> 20 G n @n Tyr Ser Thr Val Pro Trp Thr 5

<213> Artificial sequence

<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 ng Asn
5

<210> 19

<211> 7

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

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

<210> 20

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 20
GIn GIn Tyr ser Thr val Pro Trp Thr
5



