WO 03/ 011878 PCT/ US02/ 24739 1 ANTI BODY GLYCOSYLATI ON VARI ANTS HAVI NG

| NCREASED ANTI BODY- DEPENDENT CELLULAR CYTOTOXI CI TY BACKGROUND OF THE

| NVENTI ONwBioglotise$ t he | nvention [0001] The present inventPCaruSopbeases to
the field of glycosylation engineering of proteins. Mre particularly, the
present invention relates to glycosylation enginee 'ring to generate
proteins with inproved therapeutic properties, including 'antibodies with
i ncreased anti body-dependent cellular cytotoxicity. Background Art [0002]

G ycoprotein *f‘% ot her
eukaryotic c@é g%%gmg@ﬁ%ﬁﬁéﬁﬁ SF‘ Si s si gnal i ng,
cell- cell co dYassoci ati on. They

make up the nmajority of non-cytosolic proteins in eukaryotic organi smns.
(Lis et al., Eur. J. Biochem 218:1-27 (1993)). Mny gl ycoproteins have
been exploited for therapeutic purposes, and during the |ast two decades,

reconbi nant versi ons GACHGROWGNDYOPCEIBRINVENTEINGr et ed gl ycoprot ei ns have
been a nmaj or product of the biotechnology industry. Exanples include
eryt hr opoi etin (EPO, therapeutic nonoclonal antibodies (therapeutic

mAbs) , ??eﬂfoﬂh@ Lhogen activator (tPA), interferon-j3, (IFN-(err)),

granul ocyt e- nacr ophage col ony stimlating factor (GW CSF), and hunan
chorioni ¢ gonadotrophin (hCG. (Cunm ng et al. G ycobi ol ogy 1:115-13 0
(199%420){) [0003 The ol i gosacchari de congfnent can si gnificantly affect

prop prasent mvmieoneﬂeiaitqsé@t,heéife dfgly&pédaﬁqn qigiepnpoei n, i ncl udi ng

h | b | t t t ith th
Pmﬁhgasyg'ii b veors eiela ol Ul BRO BT RSO IFIE M ebieonaies. and
speci fic bighQfuss) geﬁéﬂate‘ﬁr&ﬁéms%&%Bf&@@&%faﬁéutf@i*oﬁ@ﬂ@snﬂmldaﬁg only on the

presence or absence, but "al so on the specific structurés,
antibodies with increased antibody-dependent cellular cytotoxicity.

Background Art

{0002] Glycoproteins mediate many essential functions in human beings, other
eukaryotic organisms, and some prokaryotes, including catalysis, signaling, cell-
cell communication, and molecular recognition and association. They make up
the majority of non-cytosolic proteins in eukaryotic organisms. (Lis ef al., Eur.
J. Biochem. 218:1-27 (1993)). Many glycoproteins have been exploited for
therapeutic purposes, and during the last two decades, recombinant versions of
naturally-occurring, secreted glycoproteins have been a major product of the
biotechnology industry. Examples include erythropoietin (EPO), therapeutic
monoclonal antibodies (therapeutic mAbs), tissue plasminogen activator (tPA),
interferon-B, (IFN-), granulocyte-macrophage ¢olony stimulating factor (GM-
CSF), and human chorionic gonadotrophin (hCG). (Cumming et al.,
Glycobiology 1:115-130 (1991)).

[0003] The oligosaccharide component can significantly affect properties
relevantto the efficacy ofatherapeutic glycoprotein, including physical stability,

resistance to protease attack, interactions with the immune system,



ol i gosacchari des. Some generalizations between oligosaccharide structure
and glycoprotein function can be nmade. For exanple, certain

ol i gosaccweros@els7st ruct ures nedi ate rapid cl earance of thecglusopptiet ei n
fromthe bl oodstream through interac®ions with specific carbohydrate

bi ndi ng proteins, while others can be bound by antibodies and trigger
undesired i mmune reactions. (Jenkins et al., Nature Biotechnol. 14:975-81
(1996)). [00041 Manmalian cells are the preferred hosts for production of

t her apeut IgharBdWRRBHA! fld¥pecifid Bid16pit A GtiviGARAG éﬂghé&ﬁ%%n%#n}iﬁ%ﬁ&' ate proteins

in the nost corrpatibie formfor human appli cat et al.,
d ycobi ol oy onlyldibthe30regenod Dy ; abjenvkej et aso e the dacificestRicotres; fiol . 14: 975- 81

of comron TESTEEHEn ' Sems Beel e G eerR A EOTRGHGT de SAYGBE B pl ant |
cel IS, V1 AfbabtoleRHh@dnOlhaPBE LIS PSS BEIANEIcortlid ik ARIthaflugar ance from

t he bl ood eam undesirable 1 mmune 1nter I‘'ons, an I'n sone specific

cases, r edtmenirdsi medige capidatdaraticeyof therglygopraeimiroanthe lb&dstredehi nese hamst er
ovary (CHO cel]s have been npst commnlé used during the last two

decades. [tAroyglinfsrastiopgwih segiicsarbohyratefindingpyateins.srhilsatheessoas, t hese cel | s
|1 | I f i.cal- | hi,gh ti | |
el 1 1'F e Yo bARREOHCL il (e B0RK A mahudl Rl fons (A BT 2007 o1 cct o o

usi ng ser UVatuftel Bigtetiomi. aA: R 1p@00EY. t he devel opnent of safe and

reproduci bl e bi oprocesses. QO her comonly, used animal cells include baby
hanstl8004di dney Nmpmplianceglls are fspreferrad Bpsts bor pooductiopeif dherapsutics. Mor e

tly, t ' imals. h | b t ested.
(Senki ny AEPHEGLE e ol TRRRATY oS0 TR R PhuBieg Y BB omeT )
ant i bodi escoafatielt forfpfop Bliel abificafiéd! QUuMBSn@b: AQTIRINESo BB f4-0ns in the

heavy chain constant regions, with each isotype possessing a distinct array
of N-Ii nikéd18x)bleniias at &., NaruretRioee/nohHtT 5SvEdr([1996)). Badtens very ot ei n

oSSeml ). AR S b K L B0 M son S

N-11nked qahetyel@hs, WebQ3hPphar&UESILYRRRSAARR patterns associated
with rapid clearance from the blood stream, undesirable immune interactions, and
in some specific cases, reduced biological activity. Among mammalian cells,
Chinese hamster ovary (CHO) cells have been most commonly used during the
last two decades. In addition to giving suitable glycosylation patterns, these cells
allow consistent generation of genetically stable, highly productive clonal cell
lines. They can be cultured to high densities in simple bioreactors using serum-
free media, and permit the development of safe and reproducible bioprocesses.
Other commonly used animal cells include baby hamster kidney (BHK) cells,
NSO- and SP2/0-mouse myeloma cells. More recently, production ﬁoﬁ
transgenic animals has also been tested. (Jenkins et al., Nature Biotechnol. .
14:975-81 (1996)).

[0005] All antibodies contain carbohydrate structures at conserved positions in

the heavy chain constant regions, with each isotype possessing a distinct array of
N-linked carbohydrate structures, which variably affect protein assembly,
secretion or functional activity. (Wright, A., and Morrison, S. L., Trends
Biotech. 15:26-32 (1997)). The structure of the attached N-linked carbohydrate



vari es considerably, depending on the degree of processing, and can include
hi gh- mannose, nultiply-branched as well as biantennary conpl ex
ol i gosaccwearmsdess78 (Wi ght, A, and Morrison, S. L., Trend®CBiusvze4739
15:26-32 (1997)). Typically, there i8 heterogeneous processing of the core
ol i gosaccharide structures attached at a particular glycosylation site
such that even nonoclonal antibodies exist as nultiple glycoforns.

Li kewi se, it has been shown that nmajor differences in antibody

| ycosyl qr ' ences are
Jetn 1 or LR BRSHERBE, YEERMHE dn HdBRres i BURHnE ilcan thathl P0G,
(Lifely, Mghﬂnaxﬁios@ muﬁpl&ﬁblﬁh@iedgyaﬁ(&}:lw 13- 281aﬁtl=ﬂ%j/) cdnifl&s]
Unconj ugat ednonocl onal anti bodi es can beuseful nedicines for the
t r eat ment oligoseegheddes. Vdgttoh staﬂéﬂvguﬂﬁﬁp Shé-, Jrendsigotgcald: 393

d Ri H I
san 0 el TuRRRR AR ShrCTobtoUEnt Sh PG 6 g ehp e 7 cat mont
of CD20 &ﬁ?dt&r’eé’@tt@h@@h’dapér@&ﬁ&gﬁ? auéﬁklkd%hﬁ{atmrhm&mais | ynphona,

and Trastuzumab (HerceptinTM ech Inc,) for the treatnment of
advanced batdwdlies exmhasanultifieiglycofarope bikemviseit haseheemlsho,wrsbafﬁ majoOncol .

26: 66-73 99): (ol denberg, M C.in. Ther.. 21:309-18 (1999)). The
success olghjf?eﬁ%ézgs %‘&Eeg lgécl’sp'glgoﬂé‘Pcur&’r‘?FwyeeBﬁe{lHB LY but al so on
their out gff ﬁ'?éﬂc@garé Qée‘ﬁtfé{ra%]ﬁ%'clel?ﬁné é%{vhluﬁdér‘aﬁ%antctﬁturéconcﬁio gl ., Semn.
Oncol . 26:66-73 (1999); &l denber g, , din. Ther. 21:309-18 (1999)).
In spite (ihfdljn,d\/IaRhemleﬁ;)nbézobq‘gyﬁkf@)s&ﬂtam(l@?ﬁl)gs, there is currently a

| ar i nterest _jn obtaining higher ec antibo ivity than what is
typigff%?PﬁL affoF@éBﬁJﬁﬁatGﬁln@Bﬁg?%gp ib mé\gaﬁ?l e[ue %&.@ %é’i/ to obtain

| arge | NChEARESmd AA! etk WbGoTRLMALY G & S %Bégg anfll Lt on_pr ocess

and potentially avoi ding signi |cant I rable si isto

enhance t Agmiadstiatidn's apptdvalafRiitak@ehbe Ritecdnd¥™, IDBURNaonsceoficalR)Ban by
engi neering thejr oI [ gosaccharl de conmponent (Umafia, P. et al., Nature

Bi ot echnoPlegry Ciz60d Gonqrisshdyq., W%Wecé%tfpﬁbﬂﬁé@m{l‘rﬁ% comonl y
d t t h
conser ved PREGE R sy 3G Sade B CRINGIAP Non M0, L0 PRGBS 12V E

two conpl qxasmm@wﬂa@a;stmmj GoRmbshila,) fofhe atdmenofladvanAeIbiéét are buri ed

bet ween the CH2
cancer (Grillo-Lopez, A.-J., et al., Semin. Oncol. 26:66-73 (1999); Goldenberg,

M. M., Clin. Ther. 21:309-18 (1999)). The success of these products relies not

only on their efficacy but also on their outstanding safety profiles (Grillo-Lopez,
A, et al., Semin. Oncol. 26:66-73 (1999); Goldenberg, M. M., Clin. Ther.
21:309-18 (1999)). In spite of the achievements of these two drugs, there is
currently a large interest in obtaining higher specific antibody activity than what
is typically afforded by unconjugated mAb therapy.

[0007] One way to obtain large increases in potency, while maintaining a simple
production process and potentially avoiding significant, undesirable side effects,
is to enhance the natural, cell-mediated effector functions of mAbs by
engineering their oligosaccharide component (Umafia, P. et al,, Nature
Biotechnol. 17:176-180 (1999)). IgGl type antibodies, the most commonly used
antibodies in cancer immunotherapy, are glycoproteins that have a conserved N-
linked glycosylation site at Asn297 in each CH2 domain. The two complex bi-
antennary oligosaécharides attached to Asn297 are buried between the CH2



WO 03/011878 PCT/ US02/ 24739 4 domains, form ng extensive contacts with the
pol ypepti de backbone, and their presence is essential for the antibody to
medi at e eWDasors7§ uncti ons such as anti body dependent celPICOIEs02/24739
cytotoxicity (ADCC) (Lifely, M R, et# al., dycobiology 5:813-822 (1995);
Jefferis, R, et al., I'munol Rev. 163:59-76 (1998); Wight, A and
Morrison, S. L., Trends Biotechnol. 15:26-32 (1997)). [00081 The present

i nventors showed previously that overexpression in Chinese hanster ovary
(CHO cel ldenmins( Sdrinidy cde@ses sdnedcopiBRie Molype AR RCRES e! ddd i TI 1), a

gl ycosyl transferase catal yzing the formati on of bisected oligosaccharides,
si gni fi caPEgsgngentsr essegwial o thenangibodso toadediatec efifadtdryfuaétians smolt ias

bl hi [ I I tib h d by th
engi neer e EaScdrpe Er SERo fpiegiy ] ek i &b dennol

17:176- 18@@&0%%28@ 5 :|8'T§—33r295(t1-9§5)ﬁk effeHb| R C 3 iap,nln]bk?uncf

9 the entire
contents of eac of which are’hereby 1 ncorporate V\?f%'rg‘?fe’l%ﬁ%e in their

entirety) (1998 Wiight ¢dynd M@EFor) S| by dserido Beotbahngk 1602692 (@99Tyconj ugat ed

mAbs ich have high tunor affinity and specificity, but have too little
pot ed@@dsﬁ o be gfl‘%erﬁ’?@s%l?"%%ﬁ ahowwwbdgmeieﬁp@ﬁ%m@mmust rial cell

| i nes | aclgl e ( 1Ry . ure Biotechnol .
17:176- 180%5%%@*%0)3%%;%%@2? ?(%:épsl%lu?(%sa%rlp ltrg\!?srﬁear?sel ﬁ:lge i ncreases
of maxi nmal(Gnfill) t no ghiocsy laadsfetbdey canbilzthghethebfahdadon byf bReste@si ng the
proportion of caonstant region (Fc)-associated, bisected oligosaccharides
above t he Oligowreharidan Figmiicaaily ingreagesihe inr virrap RGEiasbvibeef ammasti- det er ni ne | f
this fordi b a t un j-Wgat e mAbt i ch already
has si gni ﬁ@gré’ﬁ%%%&%‘éc %I{/Ci ?@Anl%%ﬁﬂ ﬁeg%%s%g?ﬁc °%§wgipsf8 yosd %mq@osacchari des,

t he presegiedrad EH®cellhalSee ARRATacEl d& i SNERFOBRIQBYoL 97- 17610 mab, the
anti-CD20, |DEC- - C2B8 chineric antibody. The present inventors have

li kewi se ApP9)datapatiopalBubbicatipn Ne WA 6 tharatisacantents afzader  mAb
ch&50. ng %ﬁc%lgrg Zlgregﬂrlxc%%o%tgé g}:f)’ rgefergnce in their entirety). The antibody

chCE7 belongs to a large class of unconjugated mAbs which have high tumor

affinity and specificity, but have too little potency to be clinically useful when
produced in standard industrial cell lines lacking the GnTIII enzyme (Umana, P.,
et al., Nature Biotechnol. 17:176-180 (1999)). That study was the first to show
that large increases of maximal in vitro ADCC activity could be obtained by
increasing the proportion of constant rtegion (Fc)-associated, bisected
oligosaccharides above the levels found in naturally occurring antibodies. To
determine if this finding could be extrapolated to an unconjugated mAb, which
already has significant ADCC activity in the absence of bisected
oligosaccharides, ' the present inventors have applied this technology to
Rituximab, the anti-CD20, IDEC-C2B8 chimeric antibody. The present
inventors have likewise applied the technology to the unconjugated anti-cancer
mAb chG250.



BRI EF SUMVARY OF THE | NVENTI ON [ 0009] The present inventors have now
generated new gl ycosylation variants of the anti-CD20 nonocl onal anti body
(mAb) | DERo@2BBi1s(&i t uxi mab) and the anti-cancer mAb ch@POTUSOIY739

genetically engi neered mAb-producing 8ell lines that overexpress
N-acetyl gl ucosam nyl transferase I1l (GTlll; EC 2.1.4.144) in a
tetracycline regulated fashion. G1TIIl is required for the synthesis of

bi sected oligosaccharides, which are found at low to internedi ate | evels
in naturally- occurri { J issing in mAbs produced
in standard i ndust rﬂiﬁ%%ﬂhﬁ%@@?&i@l ated versions

out perfornmed Mabthera(err) (the version of Ri xtuximab nmarketed in Europe)

and nouse-nyel oma derived c¢hG50 in biological (ADCC) activity. For
exanio0@9] a t enThoprdsdnbineentarstant nowendnated sev glycosytatiopivaganthel hi ghest

| evel s of _bisec ol i ggsacchari de S Lred.to. reach.t.he maxi mal ADCC
activity e "Wﬁﬁfglﬁgq ’é’@%‘?‘ﬁ?‘?ailﬂﬁfl{’ﬁm mﬁwgﬁi( th‘é‘?f?’Slnglé)het he hi ghest

| evel s of hi SHABLAEPSAL ' ﬁt?c%]l Lade mAb SR ddc 1AREC activity at
a 125-fol gﬁ%& co?u%%ntrat P%?e? an tha reequi re%%to etect even | ow ADCC
activity that dveeexpraspNi-dcegtploastmidylicdncae IM(GhHEE, EC:Dt Ad4d) imn was found
between the |l evel of Tl I .expression and AD%# activity. [0010]

Accor di ngF&‘%tfaFYFh@ﬁéﬁg&?ﬁ’éicf?Sttl% @Bﬂh@aequﬁsféfﬁ TPSICHP PETEE 4 o0 a host cell
ena! neer il RaPadies iAok RGRId %R AEhARKESRE RoadRdipl od cel lul ar
cyt ot oxi cl Sy expréssion of at [east one nucleic acid encodi ng

(err) (1, 4pcoirrime Blimba latibsdies bitl dre anisfieg as enAbs| pro@ckd| inl gtandaker ei n t he

pol ypeptide produced by the host cell is, selected fromthe group .

consi st i nidystrigl ¢glidines.akbe pow glycasylaed vasiognouperfasard Mabtheraht | and a
fusion pratein wi .1.nel udes ' ' t egi on of an

i mmunog| o@l&? iVﬁI;SIOzI-ilno Ii{\}\?ﬁtéur( %I?a(ri:’ ‘%‘%‘36@% %gfw?g&d\é@é&égsrgé‘go%%%gﬁg%dmunt

suf fi ci enth&250 AWisiasiealt(ADET)REK ) O Fobéxabiple] a - e Rivitemoraf I'yi ng

bi sected hybrid oligosaccharides or gal actosyl ated conpl ex

ol i gosacchhthelzariant cairxingrtbe highestelavels roft bisectad pligpsaerhpdies woe t o

pol ynept | des,, GarLxung. bl.sech o GATRL G QiARRaEAIF 4R850 de Fe region

variant carrying the highest levels of bisected oligosaccharides mediated

significant ADCC activity at a 125-fold lower concentration than that required
to detect even low ADCC activity by the unmodified control chG250. A clear
correlation was found between the level of GnTII expression and ADCC
activity.

[0010] Accordingly, in one aspect the claimed invention is directed to ahost cell
engineered to produce a polypeptide having increased Fc-mediated cellular
cytotoxicity by expression of at least one nucleic acid encoding B(1,4)-N-
acetylglucosaminyltransferase III (GnT III), wherein the polypeptide produced
by the host cell is selected from the group consisting of a whole antibody
molecule, an antibody fragment, and a fusion protein which includes a region
equivalent to the Fc region of an immunoglobulin, and wherein the GnT II is
expressed in an amount sufficient to increase the proportion of said polypeptide
carrying bisected hybrid oligosaccharides or galactosylated complex
oligosaccharides or mixtures thereof in the Fc region relative to polypeptides

carrying bisected complex oligosaccharides in the Fc region.



6 [00111 In a preferred enbodi nent, the polypeptide is 1gG or a fragnent
thereof, nost preferably, 1gGlL or a fragnent thereof In a further

pr ef er r edwoermdodisnent, the pol ypeptide is a fusion protei ®Crhsn2/2476% udes a
regi on equivalent to the Fc region of a human 1gG [0012] In another
aspect of the claimed invention, a nucleic acid nolecule conprising at

| east one gene encoding GhTllIl has been introduced into the host <cell. In
a preferred enbodi ment, at |east one gene encoding GnTlI1 has been

intr d int ] : i y, the host
cel | Rﬁgg]&been g}lég ngegl%ggn@g%ﬂlﬁm? Egt an ‘e g%%%?%éﬁér%ﬁﬁ%fﬂ%%ﬁe IS

act i vat edmobtprefexsbip IgG1 bya firapsent thereod fin a fikidr preferrdiembbiietent,i ncr eases gene

expression into the host chronosome.. I na preferred enbodinent, the
endogenoutheqptynepiide s »asipngueteipdhaiophidena sseionopauivalent 5o Hiedier, an
enhancer, _a. §ﬂ§ﬁ[' ty factor binding site, atransposon, or aretroviral
el enent ggyé%nblnéﬁﬁgigﬁthereof into the host cell chronosone. In another
aspepiol2}f he hostanegikt akirst betie gahratiftertionCamiylert 4Bid aidlevuld ri ggering
expression of an endogenous GhTlIl. Preferably, the host cell is the CHO

cel | nut apempaging et legs oneigene gnepding GBI hns beery intradwoet g therhosbf t he ¢l ai med

i nvention he at |.eas ne nuclei c acid encodi.n I1] is operably

[ nked ¢ oodt cBREbroried emBi Gratiap ot Bk fe (RoHaH P bt besiS, “bref or t ed
enbodi menintrddicediagd the Bbit ckl chrofddsdeel | a BHK cell, a NSO cell, a SP2/0
cell, or a hybridoma cell, a YO nyeloma cell, a P3X63 nouse nyel oma cell,

aPERI®MB] or aAPEmatiselycthe hosidelbhas heot snempeeradsuckstharanantipgenOmP0 ant i body.

| n anot her erred enbodj nent, the host .cell. i P2/ 0 cell and the

pol ypept i giéﬁlr@{ g?f@lﬁﬁﬁ%‘@?%fng‘% CXAP OBX/?HSE‘W@?E?@?% mcinﬁwglh@t her aspect,
the clai mpghrlRUERLE ggaresiioﬂaﬁt@%ﬁgsﬂcﬁmﬁldgeﬁfe. €l prefthi@demtodih@f! conprises at

| east one transfect nucl ei ¢ acid encodi ng an anti body nolecule, an

ant i body theagmimgenousr GaTHLdao bequr attaiatedt batinseriminudes prometgi,oam equi val ent
to the Fc region of an i,(&nﬁ%no I,o%gli.n. In a preferred enbodi nent, the host
cel | conpFRRAEer,p rpRsgEpt ctprhif 8 8% A TARPOM, OLRICHO UL B1GPRBE an ant i -

or combinations thereof into the host cell chromosome. In another aspect, the

hbst cell has been selected to carry a mutation triggering expression of an
endogenous GnTIIL. Preferably, the host cell is the CHO cell mutant lec 10.

[0014] In a further preferred embodiment of the claimed invention, the at least
one nucleic acid encoding a GnTII is operably linked to a constitutive promoter
element.

[0015] In a further preferred embodiment, the host cell is a CHO cell, a BHK
cell, a NSO cell, a SP2/0 cell, or a hybridoma cell, a YO myeloma cell, a P3X63
mouse myeloma cell, aPER cell or a PER.C6 cell and said polypeptide is an anti-
CD20 antibody. In another preferred embodiment, the host cell is a SP2/0 cell
and the polypeptide is the monoclonal antibody chG250.

[0016] In another aspect, the claimed invention is directed to a host cell that
further comprises at least one transfected nucleic acid encoding an antibody
molecule, an antibody fragment, or a fusion protein that includes a region
equivalent to the Fc region of an immunoglobulin. In a preferred embodiment,
the host cell comprises at least one transfected nucleic acid encoding an anti-

CD20 antibody, the chimeric anti-human neuroblastoma monoclonal antibody



CD20 anti body, the chineric anti-human neurobl astoma nonocl onal anti body WO
03/ 011878 PCT/ US02/ 24739 7 chCE7, the chimeric anti-human renal cell

car ci nomewpmaocisehal anti body ch@&50, the chineric anti - raemarsozed7enh, | ung,
and breast carcinoma nonoclonal antiBody ING 1, the humani zed anti-human
17- 1A anti gen nonocl onal antibody 3622W4, the humani zed anti - human
colorectal tunor antibody A33, the anti- human nel anoma anti body directed
agai nst GD3 ganglioside R24, or the chinmeric anti-human squanous-cel |

car ci noma JROEIC HRNEHinBAL I AQhimah- #Ral R cafdthéma WidHdblehiRa@bolPody, an
anti-human EGFRvI 11 antibody, an anti-human PSMA anti body, and anti-human
PSCA ant i 5b§250,4ke ehimierit amti-hu@BbR @lem fung ooy bresaicaaritomimoaccl @3B0 ant i body,

CD40 ant | HORPOIAN e R 358 B Gayh 241 AT HAHOERS2 ant | body.
an anti-h o], kol -_nglp'- vadd ant. anti body, an
anti - huna;%%pCAM %ﬁth?gfgg%?gg’%u gntl hﬂ%ﬁ@&mc}gﬁ ogy‘?ﬁég&aar??i - human MUC
ant i body, hmaantielahomaranidbody clireeted ragaiedtnGDangAnptidyide ®R4amkrithBuman

aberrantly gl ycosyl ated MJUCL anti body, an anti body _agai nst human
fi bronect iqngW‘%/{F‘i g aamprycelifardmons meneglenal aptibody SFS: 20 human

HER2/ neu iRaY: herk [ -knvention is
directed .fdgtﬂa rret'k?o%ﬁ?%lﬁbdgs)’o uc:nng aa%po yp‘é%[tﬁggg&%bﬁaggﬁ%é?mﬁ%l | conprising
cul turi ng RSMAefititiddy, adeve-huaas PECAELJI, Aosti-IRehdnTDIMRELERNdI ti ons whi ch
permt the production of said polypeptide havi ng i ncreased Fc-nedi at ed

cel | ul ar Aptastidwman; D39 gniboglye pr piteluman© 3B wetibody; e aptbbvoan f ur t her
conprises dsad ati sai d..pol e hayin Lncrea Fc-. iated cellul ar
cyt ot oxi cidgésé %{6}%}{’ r?ggﬁ)f uraglﬁ(g%d;arngggé’yrg%a%ﬁwﬂ@ﬁﬁs ‘?’Hgg ost cel |
conpri ses aatantid@stanA®52 Mtbody Cend@tiGufRs O 138 Atiboks), af apfi BhMhM CONPrising a

region equivalent to a glycosylated Fc region of an ininmunoglobulin.
[0019] | n BLpIER waraatargibodyliapanti-humareEpsiAdantibaly, of ankir s eetndEA

01| 905aCCh AL A> oo o HIEE AR RSl 2R RS ol gt o Ehar

antibody, an anti-human aberrantly glycosylated MUC1 antibody, an antibody

against human fibronectin variants containing the ED-B domain, and an anti-
human HER2/neu antibody.

[0017] In another aspect, the claimed invention is directed to a method for
producing a polypeptide in a host cell comprising culturing any of the above-
described the host cells under conditions which permit the production of said
polypeptide having increased Fc-mediated cellular cytotoxicity. In a preferred
embodiment, the method further comprises isolating said polypeptide having
increased Fc-mediated cellular cytotoxicity.

[0018] In a further preferred embodiment, the host cell comprises at least one
nucleic acid encoding a fusion protein comprising a region equivalent to a
glycosylated Fc region of an immunoglobulin.

[0019] In a preferred embodiment, the proportion of bisected oligosaccharides
in the Fc region of said polypeptides is greater than 50%, more preferably,
greater than 70%. In another embodiment, the proportion of bisected hybrid

oligosaccharides or galactosylated complex oligosaccharides or mixtures thereof



greater than 70% In another enbodi nent, the proportion of bisected hybrid
ol i gosacchari des or gal act osyl at ed conpl ex ol i gosaccharides or m xtures

t her eof WDO03/00BIB78 PCT/ US02/ 24739 8 in the Fc region i Cyrisar/e473e han t he
proportion of bisected conplex oligo8accharides in the Fc region of said
pol ypeptide. [0020] In a preferred aspect of the clained nethod, the

pol ypeptide is an anti- CD20 anti body and the anti-CD20 anti bodi es produced
by said host cell have a glycosylation profile, as analyzed by

MALDI / TORnMihe fHeakegisn S¢DstaBE itRdd Vthe §UpMAbLNSS bRetRAL ¢ ?l@ﬂ in FIG 2E
[0021] In another preferred aspect of the clainmed nmethod, the pol ypeptide
is the cH@s&chamdss iothalFcaegipbobisaidpolypémidehG250 anti bodi es produced by
sai t cel] have a.glycosy| aton ofil e, as analyzed by MALD / TOF- M5,
thalsh)lﬂg(ﬁ substllé‘rﬂli’rﬁfefrﬁd gﬁ%ﬁfﬁgﬁﬂa{n&g‘h‘iﬁ OE%WOIVWF’@F%‘S ai"[).gﬂ’“[“OOZZ] In a
further ; | X HOR; ' &ﬁ%,esg] L.hody having
increasegéggtg?%té%dﬁég%giﬁggﬁtm%f%f@@% {cg![ugm itf}%& pr%duced by any
of the neglhcmylaties profiledasahmalyeed by MALIRYTER-MSlthali isebsantidlly anti body is
selected fromthe rou.lllp consi sting of an anti-CD20 anti body, chCE7,

ch- &50, e‘&‘lmﬁ?ﬁmg’éﬁﬁ gwpie BER2Epnocl onal antibody, |ING 1, 362294, SF- 25,
A33, d R24. ¢ . i . ,hody fragnent

t hat [Oﬂ?ﬂcl udeslnéhégng%%fe}érg{lj?s\})g{igﬁttﬁ {%Mﬁ%@%@?ﬂd‘é@?gﬁ@g?ﬂ 5%q%{r1711%unogl obul i n,
havi ng id¢G25aseshdchnaieiibb@acithd AGZS0cHtibédE fFbduce@bPeaia@dstby any of the
met hods described_above. [0023] In a further aspect, the clained invention

i s direct@d bayeaa mhgosdaton grefils, a3 maalyred by MALRVIEN-MS, dbati ial ent to t he
i 24 I ' d. [ i d Fc- nedi d |1 ul
Fc regi Or%ut%gta;?ﬁ'alm n{)t%%étnspg\?ﬁénf}%' i ncreased Fc-nedi ated cel |l ul ar

cytotoxicity pro y any o t'hods descri bed above. [0024] In a

furtfeer2jaspectin 4 lf@tiel abgeeel the \cediine@inventidh i£akQkd © & BRMJImceut i cal
conposi ti on conprising the antibody, antibody fragment, or fusion protein

of the ilAvingineisaseddntibodhidependenticelulat gytetoxicity @IPECrprodiigad by
any of the methods described above. In preferred embodiments, the antibody is

selected from the group consisting of an anti-CD20 antibody, chCE7, ch-G250,
a humanized anti-HER2 monoclonal antibody, ING-1, 3622W94, SF-25, A33,
and R24. Altemnatively, the polypeptide can be an antibody fragment that
includes a region equivalent to the Fc region of an immunoglobulin, having
increased Fc-mediated cellular cytotoxicity produced by any of the methods
described above.

[0023] In a further aspect, the claimed invention is directed to a fusion protein
that includes a region equivalent to the Fc région of an immunoglobulin and
having increased Fc-mediated cellular cytotoxicity produced by any of the
methods described above.

[0024] In a further aspect, the claimed invention is directed to a pharmaceutical
composition comprising the antibody, antibody fragment, or fusion protein of the
invention and a pharmaceutically acceptable carrier.

[0025] In a further aspect, the claimed invention is directed to a method for the
treatment of cancer comprising administering a therapeutically effective amount

of said pharmaceutical composition to a patient in need thereof.



[0025] In a further aspect, the clainmed invention is directed to a nethod
for the treatnent of cancer conprising admnistering a therapeutically

ef f ecti vewermonts78 of sai d pharmaceuti cal conposition to aPgatisent473h need
thereof . WO 03/011878 PCT/ US02/ 24739 99 [00261 In a further aspect, the
invention is directed to an inproved nethod for treating an autoi nmune

di sease produced in whole or in part by pathogenic autoantibodi es based on
B-cell depletion conprising adm nistering a therapeutically effective

anoupeo26ff | muihal fagtheedshyct Gk lint@niddi isbm@ytea@oalmpfwedrﬁethb@ﬁir in need.
thereof, the inprovenent conprising admnjstering a_ therapeutically

ef fect i veﬁmrﬁﬂ @ﬁoqﬁnmdlmpwéwngml ‘M@lé@ﬁé@i,ﬁm&ym%}mﬁe@@ as descri bed

above. rr ﬁ odi t11 c{ f: ant i bodﬁ;{ S a - CD20 anti body.
Exanples % &Wﬁu EQi QBa <« 68698?d8?§m He lnﬁdFm§r@ not limted
to, i Mun@eAReiahRg effwtﬁ@hﬁﬁxﬁmﬁﬁhaﬁ@m%xl Ay &ﬁv@wib%dyﬂiaqm{ahl c

t hrombocyt openi ¢ purpurea and chronic idiopathic thronmbocytopenic purpurea,
dennat onysbjack sin  Bgeid nihardos, diteorlmarovbmpnls cnemhsmgl sdmimfiséeringt iac f ever,

ol Iand | ar Henoch- Scho ura, stre tococcal
b o e et Al s Ao pLapaiioads by BE i ane I L perad conce.
erythema as%és&ﬁﬁéardg%%vep% X? ﬁf)otén?qdaﬂﬁaﬁ%e%ﬂ%ydd%w&aﬁpéﬁéw itis,

Goodpasture’'s syn angitis ubiterans, primary bil iary
ci rrhosi santideghi Betmpkes of hytoonmudd disedsésyoratimrias fickidechutane notact i ve

hepatitis, .polynyositis/dernmatonypsitis,. polychondriti nphi gus
vul garisﬁ%‘gﬁgfl@mﬂa\%m thsamBocyiienchiasn ?ﬁeaﬁ%aaaoﬁ@tﬁwanyotropmc

| at I ' i dl
2t eralS6h 03 kA6 Rty PR RochBROLCp o 2, b dl
r esponsesdatforayositisl | Sydeahany ehorea, HipheasgshritisClrbelimgicpFever,asi s and

dermatitis (e.g. atopic dermatitis); %stem c scl erodermaand scl erosis;
r espons esPA¥ERH e FindIoness | Henegh-Selo m/emumugeeaeest-scrénteﬁposél Crohn's

di sease a e [es, r S (1 ncl uding
adul t respi rg}ttﬁ ﬁ%‘l S regééglﬁglyﬁ aga&go%k%g‘? X%‘ﬂr ITB.tI e%se lefél r’?gl tis;
encephal i flultifol&i tpobjarteMiid thdtloss)! anmeodifn eoniflits; @bb@agﬂufescondl tions

such as syndrome, thromboangitis ubiterans, primary biliary cirthosis, Hashimoto's
thyroiditis, thyrotoxicosis, chronic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pamphigus vulgaris, Wegener's
granulomatosis, membranous nephropathy, amyotrophic lateral sclerosis, tabes

' dorsalié, polymyaglia, pernicious anemia, rapidly progressive glomerulonephritis
and fibrosing alveolitis, inflammatory responses such as inflammatory skin
diseases including psoriasis and dermatitis (e.g. atopic dermatitis); systemic
sclerodermaand sclerosis; responses associated with inflammatory bowel disease
(such as Crohn's disease and ulcerative colitis); respiratory distress syndrome
(including adult réspiratory distress syndrome; ARDS); dermatitis; meningitis;
encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration of T cells and
chronic inflammatory responses; atherosclerosis; leukocyte adhesion deficiency;
rheumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus (e.g.
Type 1 diabetes mellitus or insulin dependent diabetes mellitus); multiple

sclerosis; Reynaud's syndrome; autoimmune thyroiditis; allergic



eczema and asthma and other conditions involving infiltration of T cells
and chronic inflammtory responses; atherosclerosis; |eukocyte adhesion
defi ci encyp o3fp0hmosrat oi d arthritis; system c | upus erythen®RCadse2/¢SGBE) ;

di abetes nellitus (e.g. Type 1, diab®Wtes nellitus or insulin dependent
di abetes nellitus); multiple sclerosis; Reynaud' s syndrone; autoi nmune
thyroiditis; allergic WO 03/011878 PCT/ US02/ 24739 10 encephal onyelitis;
Sjorgen's syndrone; juvenile onset diabetes; -and inmune responses
associ at e i .2 _anhd de| persensitivity mediated b cyt oki nes
and Ty el e YoM RN b e e Ry

pol ynyosi tresponSHsaddibamd GRitts aoid atdsadlhyelll IpeRehstiviyo uedai®@Nba (Addi son' s
di sease); diseases involving |eukocyte diapedesis; central nervous system
(CNS) i nfdytakinesomnd drlyowpteeytesrigpi¢ably efoondyam tivbgrowlysis,y sadeadasis, henol yti ¢
anem a (including, but_ not l.imted tq.cryoglobinema o onps positive
Anem =) | RO atas s oy otesilieh D S A A AORS ai Benses.

anti - gl omggigd ;di%%rﬁ%mlviﬂg@&k AhFABIE erﬁﬁ!lh&b@ﬁ%g%' ' yndr omre;
allergic neluri I's; Gaves' di sg{a@ee; arrberct -Eaton ny st%’gg?hcsssyndr one;
penphi goi dnfiarhinetosy disoedaphivgulisple augai mjmy esypdioypesn deorolytiwpadeizs; Reiter's
di sease; stiff-man syndrane; Behcet disease;, giant cell arteritis; inmmune
conpl ex ndgHRdiRg; bt et qﬁ@m@pﬁv@?@ww GOt T aeidhune

t hr onmbocyt,g lefi L TP): &hggw% LOIbOCVHhORERiR etc. In this
aspect of tﬁ%mlen\?«%ﬁv?%%@%ehgﬁhg%ﬂcg%? es of t e&’ir nv’e%tﬁl 1((ril)rﬂgljra1e&ﬁ1used to

depl et e t easdthandnahbrane nhisecak; caitiphodpholigid syaddoated edlerige inedriti3Rl EF

DESCRI PTION OF THE FI GURES [0027] FIG 1. Indirect inmmnaofluorescence assay
showi ng t Haravesa disedse J-appertfiatony myasbenjc pynsseme pepphazpd brpus o cD20
positive - JNegat | i NGl udl t B,CP2Q negative cell
| ine and ce g’k%u?’eél e orllll}ﬁg ﬁﬁ?‘%}r{dtgk%mpg%%g’nS%I}tgpﬁzld?‘%?%gn?tggag%d anti - human
Fc pol ycl asyaliroaidt Belxsty dReegibntsdell\Witerifid) @ tiun & bémpRAnEBhrifidAidA / TOF- M5
spectra of the oligosaccharides derived from Mabthera(err) %FI G 2A), C2B
8- nt ( FI Gneplyopatty;1fzd! polyoeurppatiges; romunethrggbocytopenic purpura (ITP)

or autoimmune thrombocytopenia etc. In this aspect of the invention, the

antibodies of the invention are used to deplete the blood of normal B-cells for an

extended period.
BRIEF DESCRIPTION OF THE FIGURES

[0027] FIG. 1. Indirect immunofluorescence assay showing the reactivity of the
antibody preparation C2B8-25t to CD20 positive SB cells. Negative controls,
including the HSB CD20 negative cell line and cells treated only with the
secondary FITC-conjugated anti-human Fc polyclonal antibody are not shown.

[0028] FIG. 2A-2E. MALDI/TOF-MS spectra of the oligosaccharides derived
from Mabthera™ (FIG. 2A), C2B8-nt (FIG. 2B), C2B8-2000t (FIG. 2C), C2B8-
50t (FIG. 2D), and C2B8-25t (FIG. 2E) antibody samples. Oligosaccharides
appear as [M+Na'] and [M+K*]ions. Oligosaccharide appearing in the first two
spectra were derived from cell cultures that do not express GnTII, whereas
oligosaccharides in C, D, and E were derived from a single cell line expressing

GnTII at different levels (i.e. tetracycline concentrations).



50t (FIG 2D), and C2B8-25t (FIG 2E) antibody sanples. digosaccharides
appear as [ M+Na+] and [ MK+] i1ons. O igosaccharide appearing in the first
two specwoasmerses derived fromcell cultures that do not exprEses24@alll,
whereas oligosaccharides in C, D, and E were derived froma single cell
i ne expressing GnTlIl at different levels (i.e. tetracycline
concentrations). WO 03/011878 PCT/ US02/ 24739 11 [0029] FIG 3A and 3B.
II'lustration of a typical human |1gG Fc-associated oligosaccharide

stru (A rti ' \ vliat i o V; (FIG 3A
The orgFof thgrg'l ?‘go%g?&gw%gjé ?stn ggﬁpqg@g%}% "th eepx\rrlgaﬁsnégg%ed(l\/) and two
N- acet yl gbligssaathanide cgturAY aad phaial Ndinked ighicesylaichgaktahyt (B) ASn297.

Gal act ose é{g% fucose (F), and bisecting Nacetyl glucosam ne (Gn, boxed)
can be pfd&eRd) dbegpreaiithe qligasaqeharide is camppsed o drpnmannesedMaybe al so

o eony s Al e R il 11 v
ol i gosaccraldctige (p FeSe (FJCdddasisdctiagBBicetyl BusRahinRqGY; B&gIdy b4l ucosani ne is

denoted as Gnb. Subscript nunbers indicate how many nonosacchari de
resi dues heprepend seshsentn Temsinaldlageylaceiminicacid Fay he alge presenibat appear s

t oget her wi.th .t di ym.assogl.at . . The.mas of those
st grguct ur el lﬁﬁ%tmci‘b%%é?ﬁe S@I?}f W%ﬁi&“‘%ﬁ&@ﬂ?ﬁ? B G 4A and
4B. ADCC Péaaingitbitﬁéfda&a&ﬂmm&dfgf@@egﬁdemﬁ%@egi(a&g&i fralh8lg. per centage of

cytotoxicity was nmeasured via |ySis of " abel ed CD20- positive SB cells
by human Byjseptig)tapstylgiucosamineds dénot@DasiGn’mSabsdriptiniopberdiifdieatent mAb

concentrations. (FIG 4A) .Activity of C2B8 sa es derived _from a single
col | 1 ne oy apRsa b S er e PR SRR ESRr OB B (1 6.
decr easi ngirbGhicapyGl REHANERNII Hidi@RRksoctRA RATR iRad! TnERRSs 2000t,

C2B8-50t, (C2B8- and C2B8-nt (control froma clone that
does not ekfhossstructndd thht dohtaim futBye BDECakoinchided. of C2B8- 50t and C2B8- 25t

conmpared. to heraTM _[0031] FI G 5. \Western bl ot anal ysis of the seven
Tl 19938k pr es 2/% ié @Pé%@'ag@cé REIHEgs f Rytygimabglygosylaionyynanpl e wer e
| oaded on e Gercantaplst Sbtoxicity was measured via Iysis of 5'Cr labeled CD20-

positive SB cells by human lymphocytes (E:T ratio of 100:1) mediated by

different mAb concentrations. (FIG. 4A) Activity of C2B8 samples derived from

et

a single cell line but produced at increasing GnTIII expression levels (i.e.,
decreasing tetracycline concentrations). The samples are C2B8-2000t, C2B8-50t,
C2B8-25t, and C2B8-nt (control mAb derived from a clone that does not express
GnTIII (FIG. 4B) ADCC activity of C2B8-50t and C2B8-25t compared to
Mabthera™.

[0031] FIG. 5. Western blot analysis of the seven GnTIII expressing clones and
the wild type. 30 ug of each sample were loaded on a 8.75% SDS gel,
transferred to a PVDF membrane and probed with the anti-c-myc monoclonal
antibody (9E10). WT refers to wt-chG250-SP2/0 cells.

[0032] FIG. 6. SDS polyacrylamide gel electrophoresis of resolved purified
antibody samples.

[0033] FIG. 7A-7D. MALDITOF-MS specira of neutral oligosaccharide
mixtures from chG250 mAb samples produced by clones expressing different



transferred to a PVDF nenbrane and probed wth the anti-c-myc nonocl onal
anti body (9E10). WI refers to w-ch@50-SP2/0 cells. [0032] FIG 6. SDS

pol yacrylwoiod®iges el ectrophoresis of resolved purified aomiusozys73anpl es.
[0033] FIG 7A-7D. MALDI / TOF- M5 specti2a of neutral oligosaccharide

m xtures from ch@50 mAb sanpl es produced by cl ones expressing different WO
03/011878 PCT/ US02/ 24739 12 G1TllIl levels and w-ch@&50-SP2/0 cells: W
(FIG 7A), 2F1 (FIG 7B), 3D3 (FIG 7C), 4E6 (FIG 7D). [0034] FIG 8A-8D.

MALDI / TOFGIBITS eelsraad &ft-ch6a50-3P2,0! del9 ST CRRG. 1748, 251 (?u@r ), Bpam ch&50 mAb
sanpl es produced by clones expressing different GiTlIII levels: 4E8, (FIG
8A) ; 5@,(Rlﬁ@),9@)%;(FKE£ZD)(F|G 8C); 5H12, (FIG 8D), [0035] FIG 9. In

vitr ass (o] i b derived.from.cgntrol - ch@50- SP2/ -
cel | g"‘é%@nﬂ fiG. %ﬂéééct&%@@ﬁ@@wsm sHpsutral (pERsIGERIYeSCRI PTI ON OF
THE | NVENi€ ek m&hG@sM%rmP&@%r&ﬁE@d B};%ﬁ)ngﬁ@ﬁfr@sls diff&end N the art,
unl ess otherwise defined as follows: [0037] As used hérein, the term
anti body (eTlhieynliedES,(FIG.C3AHSGRNEILE. 8R);i468¢ (FIG1SICECIH ES (Flant i body

f ragment Sg 2rf usi onproteins thatinclude aregion equivalent to the Fc

regi on of % | mmunogl obul in. [0038] As used herein, the termregion

equi yeusspt to fhe g_:anv?[g(% luYed ﬁ@n?féﬁg?%ﬁggidgﬁj@d £obheafes to include

natural ly occurring al IC va regi on of "an i mrunogl obulin
as wel | awtchG2IHREB2/h aslisnmpdabi Hildtanssetedwihinek 3Dpraad SER 2subst i t ut i ons,
additions, or deletions but which do not decrease substantially the
ability of the i munoglobulin to nediate anti body dependent cellular

oo L, £ SR T QAT be cel oTed o (1
substantial |oss of biological function. Such variants can be sel ected
accor[(gtlﬂlsr&rq Terms are used herein as generally used in the art, unless otherwise
defined as follows:
[0037] As used herein, the term antibody is intended to include whole antibody
molecules, antibody fragments, or fusion proteins that include aregion equivalent
to the Fc region of an immunoglobulin.
[0038] As used herein, the term region equivalent to the Fc region of an
immunoglobulin is intended to include naturally occurring allelic variants of the
Fc region of an immunoglobulin as well as variants having alterations which
produce substitutions, additions, or deletions but which do not decrease
substantially the ability of the immunoglobulin to mediate antibody dependent
cellular cytotoxicity. For example, one or more amino acids can be deleted from
the N-terminus or C-terminus of the Fc region of an immunoglobulin without
substantial loss of biological function. Such variants can be selected according
to general rules known in the art so as to have minimal effect on activity. (See,
e.g., Bowie, J. U. ef al., Science 247:1306-10 (1990).
[0039] As used herein, the term glycoprotein-modifying glycosyl transferase
refers to B(1,4)-N-acetylglucosaminyltransferase Il (GnTIII).
[0040] As used herein, the terms engineer, engineered, engineering and

glycosylation engineering are considered to include any manipulation of the



to general rules known in the art so as to have mninmal effect on activity.
(See, e.g., Bowe, J. U et al., Science 247:1306-10 (1990). [0039] As
used her ewn,030he878 er m gl ycopr ot ei n- nodi fyi ng gl ycosyl tramefrarsaye:739 ef er s
to 0(1,4) N acetyl glucosam nyltransfetdase 11l (GTII1). [0040] As used
herein, the terns engi neer, engi neered, engineering and glycosylation

engi neering are considered to include any mani pul ati on of the WD 03/011878
PCT/ US02/ 24739 13 gl ycosyl ation pattern of a naturally occurring

pol ypept i gigcoyldtion paRdth of AakRedlly odehi@POlRehIt GBIARSE tiRGeorNC! udes

met abol i c_engineering of the glycosylation hachinery of a cell, including
genet i ¢ nEhyoosylatidnomginetringhimclidespmstaboliaengiecrisy nf theglsopdatiomys t o achi eve
altered gl ycasyl atji on_ of. gl ycoprotei ns expresse in.cells. Furthernore,

ol yoosyl SPERR g eet indidies Basets ManERBEERSCh e digmrharidand cel |

envi r onmegd o mz dh¥e 211024 1) l‘ﬁiﬁ%dof Lfbtei host cell
covers an@ﬁnki nlc?ngf C ﬁu ar system%yvc\/r'%?% can eC% %?1%§;§crﬂé§fs§% generate
modi fi ed glogioffurtharnate, piyebsilation eapgmeaing indludeg therffects of mpagbagdes of

interest, inpncluding antibodies and anti body fragnents. Typically, the host
cells hav@%@@ﬁnﬁﬁﬂﬂfﬁ%ﬂt%&ywwlé%-ess optinized levels of G1T IIl. Host

cel | maqpe! ude I e . i r el | such as CHO
cel | @,M%K cel ?‘g ,urs%g%qge }:ﬂsestegﬁf% Bt %ég?ﬁ@}s@%%({l %ﬁﬁaglel% S?’,Sﬁalng.XGS nouse
nyel oma cehich caPbResgihtged BfRneiate plodified glyvpbirind @frdtein, proféast cel |'s,

and insect cells, to nanme only a few, but also cells conprised within a
t r ansgeni Eagmentener peptides pf inteaestiineludiag aptdmdizs and antthedy fragmients. t he term

Fc- medi at toxi ity inclu ant i body-.dependent cel |l ul ar

cyt ot oxi c??f}l%gﬁ dwéeglﬁsﬁf’(%fr% h%)‘/’% g%%‘irln%?l ‘&}la%ég? 8’%%8?%0;?% Ze?@fa"(l fg% Fe-f usi on
protei n coaTamiHgt 118 WshiekattaRdicall, eld , thim@Rlidnbukid B Rad sm | eading to
the lysis of "antibody-targeted cells"” by "human i nmune effector cells",
wher ei n: %@Hmmihan, NE0 ecliniSP2H) tells, ¥iemyelvopudels BIX@GF | eukocyt es

}zg?t di Sprlo% er'rzlgelz)r%%ecgltls?&’%Rocréllg,%l{c%%glsa grei:\ytbpl(rigrlrjlg QelY\s{“yeCagt ;[:e s}/ bi nd t_o the

and insect cells, to name only a few, but also cells comprised within a transgenic
animal or cultured tissue. '

[0042] As used herein, the term Fe-mediated cellular cytotoxicity includes
antibody-dependent cellular cytotoxicity and cellular cytotoxicity mediated by
a soluble Fc-fusion protein containing a human Fc-region. It is an immune
mechanism leading to the lysis of “antibody-targeted cells” by “human immune
effector cells”, wherein:

The “human immune effector cells” are a population of leukocytes that
display Fc receptors on their surface through which they bind to the Fc-
region of antibodies or of Fc-fusion proteins and perform effector
functions. Such a population may include, but is not limited to,
peripheral blood mononuclear cells (PBMC) and/or natural killer (NK)
cells. ;

Thé “antibody-targeted cells” are cells bound by the antibodies or Fc-
fusion proteins. The antibodies or Fc fusion-proteins bind to target cells

via the protein part N-terminal to the Fc region.



regi on of antibodies or of Fc-fusion proteins and perform effector
functions. Such a population may include, but is not limted to,

peri pher aWwolBood7srononucl ear cells (PBMC) and/ or natural PCITIES02/¢4989

cells. The "anti body-targeted cells" ®re cells bound by the antibodies or
Fc- fusion proteins. The antibodies or Fc fusion-proteins bind to target
cells via the protein part NNtermnal to the Fc region. WO 03/011878

PCT/ US02/ 24739 14 <£004.3] As used herein, the termincreased Fe-nediated
cel | (048] cyt ot dsiveed hereiw, thdddrimindrasedit-hexlictad defiole agetdaxivitie nunber of
"anti body~tarqgeted. cell.s" that are . lysed in a given tine, at a given
concentra ?f?fﬁ Clher apdagreasg m @ HPE‘-bFMGHUbWC}P@FWQ cplls”tthat affedi um
surroundi Rged i€ 2l GClimESht! 5 iv%}/ cbR&niaG82 8 §ﬁﬁlﬂ)fdy':ﬁf of Risdi &0 cellular
cytotoxicity defined above, %n or a reduction 1n"the ‘concentration of
ant i body, pwiteinfinfbe inesivomsyprainding, the targdteehs diyule sitchmigidionc- t he tar get
cells, required to _achieve the lysis of a given nunber of "anti body-

target ed tfiated CFH‘%QI giy%‘??ﬂ?l?ynégﬁﬁ@ ehavee@in 8neductiva imglhe at ed cel | ul ar
cyt ot oxi cj [ ' - Aedi . C |l ar..cytotoxigity is relative
to the cgﬁétej?%-%?ogyﬁ?gg? i’%) gcﬁcdﬁgfgggﬁﬁtémf ﬁdeéhgégn%dl%ﬁf%%‘ﬂﬁﬁn r Fc-fusion
protein, thertegecedlspiequiial HaBievy Pe DisishsFl git@l hsmbed of Nghiftedysame st andar d
production, purification, fornulation and storage nethods, which are known
to those &kgqtedeells)nin ygivsn timey by theamechanismorf Feeanediatod sebdahy host cel | s

engi neere ﬁ?((gr . l.ycosyl t ransf.era GnJll 1 by the nethods

descri bedgﬁéér%el N F‘Z%}éf? eg’é%/gap/ﬁfrfl%%la‘ﬁt‘?dﬁgjﬁ?/'flﬁgcy?ﬁg’flg’g’%]éaelﬁ%ﬁtB dependent

cel lul ar ecaltubdroxyitetokitity (X KR iby HRAMMARtHIE], PO Y FaNbDGrdtlinl eased ADCC as
det ermi ned by an% sui tabl e nmet hod known to those of ordinary skill in the

art. One H@é€s the samertype ¢fost eddbsaysing thessafelstandard mrpdudienassay uses
target cells-that are kpown to express.the.target antigen.recognized by
the anti gé‘rll{l%(faﬁaflr@mmélﬁﬁ%a“gfs?qrﬁ%eplﬁ P50 drpic eqﬂ‘?@’né% efﬂ%@%‘fhun&n
peri pher ajn #t e dbutaie AR BEenGRbduRed by host cells engineered to express the

. glycosyltransferase GnTIII by the methods described herein.

[0044] By antibody having increased antibody dependent cellular cytotoxicity
(ADCC) is meant an antibody having increased ADCC as determined by any
suitable method known to those of ordinary skill in the art. One accepted in vitro
ADCC assay is as follows: '

1) the assay uses target cells that are known to express the target
antigen recognized by the antigen-binding region of the antibody;

2) the assay uses human peripheral blood mononuclear cells
(PBMCS), isolated from blood of a randomly chosen healthy donor, as effector
cells;

3) the assay is carried out according to following protocol:

1) the PBMCs are isolated using standard density
centrifugation procedures and are suspended at 5 x 106 cells/ml in RPMI cell
culture médium;

ii) the target cells are grown by standard tissue culture
methods, harvested from the exponential growth phase with a viability higher
than 90%, washed in RPMI cell culture medium, labelled with 100 micro-Curies



(PBMCs), isolated fromblood of a randomy chosen heal thy donor, as
effector <cells; 3) the assay is carried out according to follow ng

pr ot ocol :wD)03hes7#BMCs ar e i sol ated usi ng standard densi t pCTasnr/e478ugat i on
procedures and are suspended at 5 x 106 cells/m in RPM cell culture
medium ii) the target cells are grown by standard tissue culture nethods,
harvested fromthe exponential growth phase with a viability higher than
90% washed in RPM cell culture medium |abelledwi th 100 mcro-Curies WO

03/ 011878 X, %@%@M@@Wlfrg’elp&ﬂtﬁ H\ﬁﬁpgﬁjdlte @neﬂédtlﬁ fcglih@t yesll ture medi um

and resuspended In cel ture arimat a 5| ty cells/m; iii)
100 m cr olmetamsataf ddnkity 6f h@lcellanget cel | suspenS| on above are transferred
to each well of a 96-well mcrotiter plate; iv) the antibody is

serially-diluted fr8m 40@@0wgqrﬁiltefsof@eﬁnalta@tﬁﬁllsusp@@nqnabevqame nedi um and

50 m crol 'trhx‘?srfé%&ftotc Qn%gﬁ‘ok ggveqpﬂcb&g%/rgs@gl utions are added to the target

cells int m cro g in triplicate various

anti body concentrat igns q&vambaayimnmah@ut@@ﬂ@ﬁmmﬂ {RAnge above; v)
for the maxi numrel ease (MR) controls, 3 additional wells in the plate

cont ai ni n§gfHein| eableFylage ¢ a0d $& mierebiers, ef §@ msultmgu angibedypf a 2% (V/V)

f det L
Motead of It pafid)o di e RAR B R odp o Uyt B £ERREHE s pont aneous
rel ease ( gipliceePricis Gntibdbdgdehdeh@B@ons c&%hh%tﬂeﬂvﬂohﬁ:dﬁbéﬁtﬁﬂ%ﬂ%@é ning the

| abel l ed target cells, receive 50 microliters of RPM cell culture medium
i nst ead ofbavee anti body solution (point iv above) vii) the 96-well

For 1 hour at 4G i1y 0 BIEPERTRar Goss Ml comen A aBoRPoHS (poi nt 1
above) ar ¢ the plate containing the labelled target cells, receive 50 microliters of a 2%

(V/V) aqueous solution of non-ionic detergent (Nonidet, Sigma, St. Louis),

instead of the antibody solution (point iv above);

vi)  for the spontaneous release (SR) controls, 3 additional
wells in the plate containing the labelled target cells, receive 50 microliters of
RPMI cell culture medium instead of the antibody solution (point iv above);

vii)  the 96-well microtiter plate is then centrifuged at 50 x g
for 1 minute and incubated for 1 hour at 4°C;

viii) 50 microliters of the PBMC suspension (pointi above) are
added to each well to yield an effector:target cell ratio of 25:1 and the plates are
placed in an incubator under 5% CO, atmosphere at 37°C for 4 hours;

ix)  the cell-free supernatant from each well is harvested and
the experimentally released radioactivity (ER) is quantified using a gamma
counter;

X) the percentage of specific lysis is calculated for each
antibody concentration according to the formula (ER-MR)/(MR-SR) x 100,
where ER is the average radioactivity quantified (see point ix above) for that
antibody concentration, MR is the average radioactivity quantified (see point ix

above) for the MR controls (see point v above), and SR is the average



added to each well to yield an effector: target cell ratio of 25:1 and the
pl ates are placed in an incubator under 5% CO2 at nosphere at 37C for 4
hours; ixywotoheied | -free supernatant from each well is hawrcagatsezi2¢mse t he
experinmentally rel eased radioactivitylo( ER) is quantified using a ganma
counter; x) the percentage of specific lysis is calculated for each

anti body concentration according to the formula (ER-MR)/ (MR- SR) x 100,
where ER is the.average radioactivity quantified (see point ix above) for
t hat  ant } Qs 6 Had (@B, -4 j b¥int i qQuant i fied
(see point ix ag;g@gi)ﬁh}fig(trlh{%ﬁgo&@%%ﬁ%ﬁlf?”%&%@g%x?ﬁn{l&@s%gggﬂ%% and SR is

t he aver agleov) 03/ 011878 PCT/ US02/ 24739 16 radioactivity quantified (see
poi nt ix above) for the SR controls ee, poi nél vi above); 4) "increased
ADOC' i 5 dof i ndl as BFERER AMGrc i ssingd 2 Ha chaki WEFARe it dbt age of
speci fi cl ysi O E DL : | : . j tested
above, ané‘%%ﬁmgﬁ %géélgcﬁéﬂgzgﬂeglfﬁc%1@%%%%%?%%%@@%%@?5%@ %e&w(ggui red to
achi eve ormgbédstedaboid)andierd rediiatiaric tretcagecndhtiGpefintibedy seguigedbser ved
within the antibody concentration range tested above. The increase in ADCC
i s rel ati tachieye ppehalfwithe mesimwneperegntageoh spesiisrsiaasgyred withinat ed by t he
sane anti . . he tvp host. si.hg the sane
standard .El(r%o Hl(): &cﬁg&%ﬁg?&#a%%ﬂe%%@oﬁ rmﬂl% f%iﬁseamn%‘%s(lfﬁéséég{l t hods, which

are knowntd hetATOCE, mkdstiteddvith theladbBvalissay, MuddididtBby e Samebntiesly, produced by
host cells engineered to overexpress the glycosyltransferase GTlI 1.

[ 00451 Aspipsieeediley diersame ype ef kashaells, oong thensanisodiandard protiectidad to mean an
anti body whi.ch specifi.cally recogni zes.a cell surface non- osyl at ed
phosphopr Brafsrid myaE hd Sie pEaR AR R S o B

| ynphocyt ¢ thesit! it iReh£dinbt SecfproRicb @By Ritt tIRRBnERGRed ©URRRb¥sS ef erred to as
CD20. ldentification and Generation of Nucleic Acids Encoding A Protein for
Wi ch the glycosyltransferase GnTIIL

[0045] As used herein, the term anti-CD20 antibody is intended to mean an
antibody which specifically recognizes a cell surface non-glycosylated
phosphoprotein of 35,000 Daltons, typically designated as the human B
lymphocyte restricted differentiation antigen Bp35, commonly referred to as

CD20.

Identification and Generation of Nucleic Acids Encoding A Protein for Which
Modification of The Glycosylation Pattern Is Desired

[0046] The present invention provides methods for the generation and use of host
cell systems for the production of glycoforms of antibodies or antibody
fragments or fusion proteins which include antibody fragments with increased
antibody-dependent cellular cytotoxicity. Identification of taiget epitopes and
generation of antibodies having potential therapeutic value, for which
modification of the glycosylation pattern is desired, and isolation of their
respective coding nucleic acid sequence is within the scope of the invention.

[0047] Various procedures known in the art may be used for the production of

antibodies to tafget epitopes of interest. Such antibodies include but are not



Modi fication of The dycosylation Pattern Is Desired [00461 The present

i nvention provides nethods for the generation anduse of host cell systens
for the pwodaotiseh of gl ycoforns of antibodies or anti bodycCTfusazesst s or
fusion proteins which include anti body fragnents with increased

ant i body- dependent cellular cytotoxicity. ldentification of target epitopes
and generation of antibodi es having potential therapeutic value, for which
nodi fication of the glycosylation pattern is desired, and isolation of

their re Hit¥ @ ohR i L se, 4 S Ehi cope of the

i nvent i ongﬁ?gom% \F}g??dggsrﬂ%&gdggggﬂ?@gggﬁbﬂnh@ig%ﬁ?h’e]ﬁ%wr%%?E%%dﬁsed for the
product i ofragientarrododidy smFiaexetssiopi lilopgs Sfchi aitidodss magueh anti bodi es

i ncl ude but _are not Vg 03/ 011878 PCT/ US02/ 24739 17 limted to polyclonal,
nmonocl onalSei¥hig%r 28, diagnaghe & nlpmpeytishagentsgmeht sheimrputic raggaent s pr oduced
by an Fabjgxnii i.onl . C ti i .he .useful ., e.g., as

di agnosti f;l or 1t r%%gh#%a%%’et%?% : ‘Qﬁigﬂt"ﬁg‘?’gfﬁ?ﬁ i%?déﬁfevr‘ﬂt‘é,aeh%g’t rali zi ng

ant i bodi esybsirate.or atliineemuvletyls, a@@@mf)@iél@rprbfeﬁeamefeéﬂh a ligand, substrate
or adapter nolecule, are of especially preferred interest. [0048] For the
pr od bn of &Atthependustion efandbediesowarionnhens peimalsare immmmiizestbyby i nj ect i on

ith th I f i.nt t o i buyt. t,. limted to, bbits,
M co. 1 ot HBSEh B hE ke ol S Ffdred B e s by (O MO
i mrunol oghl@, rat, a8 ONafoudifR@Rdls HBayt B8 ()RR fcaSP@E iffhunbidgickidi Ng but not

limted to Freund's (conplete and inconplete), mineral gel's such as
al uni num FpBPRi drpending foadhe hept spagies sinbutimgdes neulimitedto Krswidéci t hi n,

Pl et heltQeaHE e HobRRIaEn oA sefiaten, of SREMM pdoafirsuittan adi tvant s
such as B&&ivdabhtah@s GaLHTRS fy8ol6difi, Plurfid pofsRiiy/ %@é@ﬁ%g& 5}&

i gﬁ&@rvum [ 0049]
Monocl onal anti bodies to thé target of interest repared using any

t echni quesagionth it ostdllgions,okeyhiode dingubti chéngoryamif, atititdoplibnohyoheul es by
continuous cel.l..lin in culture. These include ut are not |imted to,
the hybr P‘&%Wéﬂl%‘@ﬁﬁﬁ bvman Adigyas ﬁ%ﬂa%&d@eﬂﬂﬁ?aﬁme&ue&ﬁw | stein,

Nat ur e

Corynebacterium parvum.

[0049] Monoclonal antibodies to the target of interest may be prepared using any
technique which provides for the production of antibody molecules by
continuous cell lines in culture. These include, but are not limited to, the
hybridoma technique originally described by Kohler and Milstein, Nature
256:495-97 (1975), the human B-cell hybridoma technique (Kosbor et al.,
Immunology Today 4:72 (1983), Cote et al., Proc. Natl. Acad. Sci. U.SA.
80:2026-30 (1983 ) and the EBV-hybridoma technique (Cole et al., Monoclonal
Antibodies and Cancer Therapy 77-96 (Alan R. Liss, Inc., 1985)). In addition,
techniques developed for the production of "chimeric antibodies" (Morrison e?
al., Proc. Natl. Acad. Sci. U.S.4. 81:6851-55 (1984); Neuberger et al;, Nature
312:604-08 (1984) ; Takeda ef al., Nature 314:452-54 (1985) by splicing the
genes from amouse antibody molecule of appropriate antigen specificity together
with genes from a human antibody molecule of appropriate biological activity
can be used. Alternatively, techniques described for the production of single
chain antibodies (U.S. Patent No. 4,946,778) can be adapted to produce single

chain antibodies having a desired specificity.



256: 495-97 (1975), the human B-cell hybridoma techni que (Kosbor et al.,

| mmunol ogy Today 4:72 (1983); Cote et al., Proc. Natl. Acad. Sci. U S A
80: 2026- 3WO(03083B79 and t he EBV- hybri dona techni que (Col e @CTalSN2/24MN0c| onal
Ant i bodi es and Cancer Therapy 77-96 (W an R Liss, Inc., 1985)). In
addition, techniques devel oped for the production of "chineric antibodies"
(Morrison et al., Proc. Natl. Acad. Sci. U S. A 81:6851-55 (1984);
Neuberger et al., Nature 312:604-08 (1984) ; Takeda et al., Nature

314: 4 (19 Lici e n i nol ecul e of
appr@@%?gte anggggﬁwggﬁ%#é?%g?@ﬁ%%%§§355%Cﬁ&ﬁ¥hﬁggggg;?@%ﬁ?ggﬁhnan ant i body
nol ecul e proteiPpf Bidrést bRiylieQefgiafed byd@bivititéchniquad be exaegle, fldher nati vel y,

t echni ques described for the production of single chain antibodies (US.
Pat ent Nofragmems irchgle, dwih are natibiptited tooFisbod fregmentp gylich @aaibe anti bodi es

havi desi i fi.city. 03/.011878 PCT/ USO2/24739 18.[ 0050
At 1 bocy PR digtshish of eaRiis Hidprid e A b, Uy oo
protein o{yhicht LBt FERKrRRY W%?@ﬁﬂﬁyd&ﬂrﬁd@ BredReigiugs. F@@py, exanpl e, such

fragments include, but are not 'ted to, F(ab')2 fragnents which can be
produced fygpepsi Altetngwdy,diab ekpresséorditirarins dyayrhs! coostrusted(@ust et Fab

f ts' ich d dugi t he. di | fid id f th
Fan )2 ihaderes BN G- AR Jo ol Gl bl eehy idpRtFHsE Sy be o
const r uct g, bS8 Feb fra%fnents%ﬁ'd?ﬁ%?leﬁfe@ &ciRciBlio(th9 BRget Rorld & rapi d and

easy identiftication of ~ nonocl onal Fabsﬁragnents “wth the desired
speci ficiinterkgs. t he target protein of interest. [0051] Once an anti body or

ti body. f t h b id ified f whj ch . ificati inth
B e R
[ ifi :%FQ . . . a.
Cenerat i o%l (aj{elﬁlfhﬁhﬁgy@g?gﬁlhg%%l?éggﬁ?égﬁéddtﬁg%@%é %‘é} I\Q/V&taﬁ{é Al tered
A ycosyl abéquendeds identifid@nPikolated uping seshhiquesvetlt koowipinaie dgs host cel |

expression systens for the generation of proteins having nodified
gl ycosyl ation patterns. In particular, the

a. Generation Of Cell Lines For The Production Of Proteins With
Altered Glycosylation Pattern

[0052] " The present invention provides host cell expression systems for the
generation of proteins having modified glycosylation patterns. In particular, the
present invention provides host cell systems for the generation of glycoforms of
proteins having an improved therapeutic value. Therefore, the invention -
provides host cell expression systems selected or engineered to increase the
expression of a glycoprotein-modifying glycosyltransferase, namely p(1,4)-N-
acetylglucosaminyltransferase I (GnTII). Specifically, such host cell
expression systems may be engineered to comiprise a recombinant nucleic acid
molecule encoding GnTT, operatively linked to a constitutive or regulated
promoter system. Alternatively, host cell expression systems may be employed
that naturally produce, are induced to produce, and/or are selected to produce ‘
GnTIL

[0053] In one specific embodiment, the present invention provides a host cell

that has been eﬂgineered to express at least one nucleic acid encoding GnTIIL



present invention provides host cell systens for the generation of

gl ycoforns of proteins having an inproved therapeutic value. Therefore,

t he i nvernwDma/018rovi des host cel |l expression systens sel eecadisor24sgi neer ed
to increase the expression of a glyc®protein-nodifying

gl ycosyl transferase, nanely (3(1,4) N acetyl glucosam nyltransferase I
(&GnTIll). Specifically, such host cell expression systens may be

engi neered to conprise a reconbi nant nucleic acid nol ecul e encoding

GnTl i, qwn@tds @Jtythk hI'BFte&lltlQ tBn§BRREd bitrhnéfechid \F/ﬁﬂlél rﬁfcf'éilc aRdonot er system
Alternatlvely, os expression systens may be enployed that naturally
pr oduce, raoleculadu@pﬂsmgatﬁendmenamktc@un@@ﬂﬁbIIean ellerhaepsmdiice GnTII 1.

[ 0053] In_one specifjc enbodlng present. i nventi on provi des a host

cel |  t hdhe hay gl bas Beryi sHedees %5/@& %st%d igsuplyyay 5@ W‘%‘Fc aci d

encodi ng I G4, t he host
cell is t@éﬁg %)Srerlrce a%?f tr%%%%nﬁl{grg}ésﬁﬁ%é@%&%e?ﬂ%gagﬁ no ecul e conprising

at | east mnatigeneigeatdiegessivh bf . endoga@vusl GETIIRt easpecdpecifithe host cel |
has been engi neered and/or selected in such way that endogengus GTIII is

acti vat e@mmmWa%Ih@St qeHds #6HHO LastP W%tbé“?&%?l&dﬂlﬁéoéﬁaﬁﬁﬂy a mutation

triggering expression 0 nous s enbodi ment ,

t he host %@fﬁgﬂgué % %g}fg % ﬂelrl%%ét}v\?{e%?y, &%?nﬁé)s el |- may be
engi neer eghehiififve! MathosNeags @@gjﬁee@a’ bch that cdbgansheGnTIINhageden anot her
alternative, the host cell is engi neered such that endogenous GhTIII has
been actaciizated Hyyingerden of @rcomtltatlmpmmmdlmeq@,ra)msypscm, ehent, a

t ransposo

r into the host cell chromosorre. [ 00541
GEneraIIfﬁﬁ8ﬁ§dfw3@ﬂ%Pﬁﬁh1ﬁﬁ? %ﬁigéqnﬁﬁoﬁg can be used as a background to
engi pesy) t he heéﬁeraﬁl Ian& Eﬁ@%f&ﬁuﬁ@@cdﬂrlﬁﬁ% bk Q¥R a®Ack: aalmef erred
enbodi nent K cells, NSO cells, SP2/0 cells, YO nyel oma

cel |l s, PSe(@&mmﬂsélosﬁvpﬁ Illomaofd:lm prssenPERemmm iqaﬁEférredtembeﬂilmnbr hybri doma
cells, [ as t round cell line
to gener a gotcf‘? \c}’ﬁ%i( ést ggyppgﬁ%g{ ‘E“Pi ofnﬁ\‘i%lp?t F%ﬁg ouse

myeloma cells, PER cells, PER.C6 cells or hybridoma cells, yeast cells, or insect

cells are used as the background cell line to generate the engineered host cells of
the invention.

[0055] The invention is contemplated to encompass any engineered host cells
expressing GnTII as defined herein.:

[0056] One or several nucleic acids encoding GnTIII may be expressed under
the control of a constitutive promoter or, alternately, a regulated expression
system. Suitable regulated expression systems include, but are not limited to, a
tetracycline-regulated expression system, an ecdysone-inducible expression
system, a lac-switch expression system, a glucocorticoid-inducible expression
system, a temperature-inducible promoter system, and a metallothionein metal-
inducible expression system. If several different nucleic acids encoding GnTII
are comprised within the host cell system, some of them may be expressed under
the control of a constitutive promoter, while others are expressed under the
control of a regulated promoter. The maximal expression level is considered to
be the highest possible level of stable GnTIII expression that does not have a

significant adverse effect on cell growth rate, and will be determined using



[ 00551 The invention is contenplated to enconpass any engi neered host cells
expressing GhTlll as defined herein. [00561 One or several nucleic acids
encodi ng woDBllisnay be expressed under the control of a ®emaiSr/e47BYe
pronoter or, alternately, a regul ated20expression system Suitable

regul ated expression systens include, but are not limted to, a
tetracycline-regul ated expression system an ecdysone-induci bl e expression
system a lac-switch expression system a glucocorticoid-inducible

expr essi OftoutfieekBErimenthiesH Hiptedibn ledlist UL I BLhSYSeRdhIANd &

met al | ot hi onei n netal - inducible expression system |f severdl different
nucl ei ¢ adinggneincihdiany ieluding Westerncldopriabgsis wsinpianGniiHEI hpsdificel | syst em

f th d d t trol of a constituti ter,
i e ot harEoab oy BUS RIS Aope 2 Cgfiepts B noclel aGARDROPr oot o1 | The
maxi mal  expe8eShnt bied hic Ganshdedird, %@Slgpglé&ﬁ rﬂi}gﬁgéﬁ?ﬁg%@ i ble level of

stabl e GhTI Il expression that doés not st gnifrcan erse effect
on cel | grwhithbinds te bigsyatheti¢ protiectsieftes Gh TR forekagpleQE OBHA 14843

PCT/ US02/ 24739 _ 20 . routi ne experi mentatjon. Expression |levels are

det er mi ne ng}tuﬁlﬁrﬁggga%\gq,@sd}uﬂmc 3eHbRAY baoparetivel linkeddp asipegennest ern bl ot
anal ysi s i SRELoH J ! hern bl ot anal ysis using a
GnTl I sp???g?}é@ﬁ@g éilock:1 1aC| dé%@%%?fi%%@%@ﬁ%gg%é% AT ic activity.
Al t er nat i wetrylated withcth Bxpregsidadewpf thy Rfortitpiead) DhdieForte? ghieaaynt heti ¢

products of the GnTll|, for exanple, E4-PHA lectin.” Ina further
al t er nat i Visnserihed degethar svithcthg nuglpicpsidipengeding paid IGnTHH ¢s tasingle epor t er

; th ' | f. the.GnTl |l det er i b [
dronal  caTERpanRaley fTHan Rt BSUMEiindt ey S TRR Ll b e, The
report er gewemalfosoticRNES siitéJ(QHES}llﬁﬁirBeép-mdéﬁbnﬁaﬁuaﬂﬂbﬁénfenﬁﬁc_@ﬁ s) encodi ng

said GhTlll as a single nRNA nolecule; their respective codi ng seguences
may be |i KkEEE)i Eisaepasier gene inay be wanslatéddogathe veift atyjeast one uckRiES) or by a

-ind t t. l,at i h . C.TE) ... The . t b
{anst at odcitageotiof S5 Eina sFRLBRtShnelh pibabieidtErh EebRt fica 0 enri 1

such t hat @cﬁimk@en@@amgﬁ&t' ) B8 dperatiQElyidlkedd3%he Iggﬁljé&iggné’id d encodi ng

the GhTlIIl may be operatively linkKed to the reporter

under the control of a single promoter, such that the nucleic acid encoding the

GnTIII and the reporter gene are transcribed into an RNA molecule which is
alternatively spliced into two separate messenger RNA (mRNA) molecules; one
of the resulting mRNAs is translated into said reporter protein, and the other is
translated into said GnTHI.

[0057] If several different nucleic acids encoding GnTIII are expressed, they
may be arranged in such way that they are transcribed as one or as several mRNA
molecules. If they are transcribed as a singlé mRNA molecule, their respective
coding sequences may be linked either by an internal ribosome entry site (IRES)
or by a cap-independent translation enhancer (CITE). They may be transcribed
from a single promoter into an RNA molecule which is alternatively spliced into
several separate messenger RNA (mRNA) molecules, which then are each
translated into their respective encoded GnTIIL |

[0058] In other embodiments, the present invention provides host cell expression
systems for the generation of therapeutic antibodies, having an increased

antibody-dependent cellular cytotoxicity, and cells which display the IgG Fc



under the control of a single pronoter, such that the nucleic acid encoding
the GaTIlIl and the reporter gene are transcribed into an RNA nol ecul e
which is waleirsat i vely spliced into two separate nmesseng@®CTRNG2/E4TRNA)

nol ecul es; one of the resulting nRNA is translated into said reporter
protein, and the other is translated into said GiTIlI. [0057] If several
different nucleic acids encoding GhTlIl are expressed, they nay be
arranged in such way that they are transcri bed as one or as several nmRNA
mol ecul esyeghdn drhBY s@Re kd BRI PEhaARR GiSiGinbh Rt Rst t hei r
respective coding sequences may be |inkéd either by an internal ribosone
entry sitecll ¢RES)ion eystdmys bave hpen ergiperedend/ot schvsddbierpresnhaivoer ( Cl TE) .

They may be transcribed .froma sjpgle pronpter jnt n RNA pol ecul e which
s al te¥ns?%%q0931§§ iy dor whigh Preél&élpapéa%gg gﬁge&w ( TRNA)

nol ecul es HC ep:ar h a i i especti ve encoded
GnTII. [8%5\%%8&]&’ I%c;Il t grﬁ %n%gsgi ?T%%]][h ggéit“h%%&;leéé‘g‘?]‘tﬁ“é m’lr?tﬂrl' oﬁlﬁp(?%elvi des host

cel | expr eabodiment jiethesscelaystednds gemdsctdd with atfledshenagmetencodadt | bodi es,
havi ng an i ncreased_ anti body-dependent cel|lular cytotoxicity, and cells

whi ch™ di sPr&YIL iy the rogstestodrelisag sehestydispientifyzmd isojate plogeson on t he
surface tg,,p %Bﬁplggs'tﬁ@‘é}n%ﬁ.dlﬁ%&ﬁ% g%%ﬁ%%ﬁn%h{%g h§£%eéh05t cel |

expr essi on sys ave been engi neere sel'ec 0 éXpress nucleic

aci ds encededne fdreexprsiibodf eh@bgeldis GnllllE. Fopditainpty) cefis aldyeseed gl ycof or ns
is desired, along with at |east one nucleic acid encoding GTIIl. In one
enbodi mentclegtedcanying rewptionsdhielniriggenexpisssiercaflothenviss sdenti@ddl. one gene

encodi ng T icall t he transfecte s ar elected to identify
and i sol apg%’%%%es E%‘é?aﬁss%ééﬁ?/w‘éiop?aé@'sa s(ﬂ:?gtdﬁcfuﬁllll Eehg ﬁaélﬁ(?f%‘éer embodi nent ,
the host gedditahitmuieBe oS el fetn@dadiQlec X PREESHAGeOmecRBHORERMEM CTI 1. For
exanple, cells may be selected carrying nutations which trigger expression

of ot her wihgears imaynlpe @t 1ol activiksr silsab (T3], @ldding the wseatiknefr to carry a
silent GT 11l gene that is activ in certain nutants, e.g., in the nutant
Cecl O FUIERHET SOt RO RIS or HEe fiEmssonny B L e ibact | vat e
silent Gl Ialso tRENEHE Bnd IR ck AR 8Echh&Bgitf ordhe use of ribozyme methods

may be used to tailor the host cell's GnTIII expression level, and is therefore

within the scope of the invention.

[0059] Any type of cultured cell line can be used as background to engineer the
host cell lines of the present invention. In a preferred embodiment, CHO cells,
BHK cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma
cells, PER cells, PER.C6 cells or hybridoma cells, yeast cell, or insect cells may
be used. Typically, such cell lines are engineered to further comprise at least one
transfected nucleic acid encoding a whole antibody molecule, an antibody
fragment, or a fusion protein that includes a region equivalent fo the Fc region
of an immunoglobulin. In an alternative embodiment, a hybridoma cell line
expressing a particular antibody of interest is used as background cell line to

generate the engineered host cells of the invention.

[0060] Typically, at least one nucleic acid in the host cell system encodes
GnT L
[0061] One or several nucleic acids encoding GnTIII may be expressed underthe

control of a constitutive promoter, or alternately, a regulated expression system.



regul ated or constitutive pronoter, the use of transposons, retroviral

el enments, etc. Also the use of gene knockout technol ogies or the use of

ri bozyme wetohous78 may be used to tailor the host cell's GRTIIUSOZ24IBESSI ON

| evel, and is therefore wthin the s2ope of the invention. [00591 Any type
of cultured cell line can be used as background to engi neer the host cel
lines of the present invention. In a preferred enbodi nent, CHO cells, BHK
cells, NSO cells, SP2/0 cells, YO nyeloma cells, P3X63 nouse nyel ona

cell's, PEBuRflé Segilidd pp&bibe SstehbicHRIRR beelats noty $RStedC®),la Or insect
cells may be used. Typically, Such cell lines are engineered to further
conpri se &dtrabyduie-regdated rexpshdon eystome lagi ecdysing-inthiedde rgpwssitol e ant i body
nol ecul e, an antjbody . fragnent, or a fusion.ptotein that includes a region
equi val enfyY hECRRHCBSHBRSION ST EICRRoBisaId OuFible ZXDEPTION nat i ve

enmbodi Menty &y Yk SR SRlukibld f8mof BYRSR! 29 AmRRidhichlia mdit | body of

I nt erest ijés used g@g%acﬁgrélulndéﬁ(}gﬁo Iigjr’,]e to gaenerate #ieli%e?%i neer ed host
cel | s of tiacibhvedpréssion syRQROIL sdyqpalciififérynt ricleicemfds enceling/GhEIIE acid in the
host cell system encodes GiT |Il1. [0061] One or several nucleic acids
encodi ng &fFeMPrised wethisthshostesl systedy somrof thagmmay be expressedyingder t ut i ve

pr onot er, raat . p, i 3/011878

PCT/ US02/. E%%@lt{tog? ?%uéa né lﬁugivé g%l%%ngg(’]g%pértg%g iagfpne y%%%dr%n%é?c eude, but are

not | i m t eenttdl of @ reguddtedppailotan eThegikiait dxuRindevediy copsited tan
ecdysone-induci bl e expression system a |ac-switch expression system a
gl ucocor t ibe dhehighest Ppssilde dsvst ekyplblp GndyHexpiession Bvpéeestngt Baveriuci bl e

pr onot er stem. a tallothi onein tal- .induci bl e .essi on system
1 Csever arires Aot AR on ST 08l ol e R n R e i 11
the host g@ltinesySdrRRentSRAHE ERPredsieH e Valy/arb Bet€ohilh thisdi@enerhile control of a
constitutive pronpter, while others are expressed under the control of a

regul at ed kppenonehe arhdnelugingalVessspr ok pealydivveing iasGodHb isgesiiel to  be t he
hi ghest posgsi b] e el .of stable .G1TllIl  expression .that does not have a
o ont 1 cadnitayeneahgm e tuis Bribe gl PAERS nifle AR PHE 6be er m ned

usi ng measurement of GnTIII enzymatic activity. _Alternatively, a lectin may be

employed which binds to biosynthetic products of GnTIII, for example, E,-PHA
lectin. In a further alternative, the nucleic acid may be operatively linked to a
reporter gene; the expression levels of the glycoprotein-modifying glycosyl
transferase are determined by measuring a signal correlated with the expression
level of the reporter gene. The reporter gene may transcribed together with the
nucleic acid(s) encoding said glycoprotein-modifying glycosyl transferase as a
single mRNA molecule; their respective coding sequences may be linked either
by an internal ribosome entry site (IRES) or by a cap-independent translation
enhancer (CITE). The reporter gene may be translated together with at least one
nucleic acid encoding GnTIII such that a single polypeptide chain is formed.
The nucleic acid encoding the GnTIII may be operatively linked to the reporter
gene unde; the control of a single promoter, such that the nucleic acid encoding

- the GnTIII and the reporter gene are transcribed into an RNA molecule which is
alternatively spliced into two separate messenger RNA (mRNA) molecules; one
of'the resulting mRNAs is translated into said reporter protein, and the other is
translated into said GnTIL



routi ne experinentation. Expression |evels are determ ned by nethods
generally known in the art, including Western blot analysis using a GTl I |
speci fi c warsiobsdy, Northern blot analysis using a GiTl I | pepasot/e4r3nucl ei c
acid probe, or neasurenent of GnTllI23nzymatic activity. Alternatively, a
| ectin may be enployed which binds to biosynthetic products of GaTlII, for
exanple, E4-PHA lectin. In a further alternative, the nucleic acid may be
operatively linked to a reporter gene; the expression |levels of the

gl yepgueaj ei n- npdichethn@ et eARYdic a&&saéh%&ﬁh@%‘i}xﬁrlﬁ a@'@&ﬁﬁé&&?%e?y measuring a
signal correlated wth the expression |evel of the reporter gene. The
reporter gtambema}ngedarmhwlagdlatthgﬁafﬂeansmbbdaslmeorm&bmmimKNA(s) encodi ng

said glyco | n- di fy| ng gI ycosyl ransferase as_a, single nRNA
nol ecul e; P ffs/fgans MW&&"B’@ theeediveher by an

internal gf I ransl ation
enhancer %%J |%§i ?ﬁggr g%%%&gegﬁgf)b%%uge trans oggpfﬁ%ér) wth at | east
one nucl ei by acipdindgendémgrat¥idiidn enbaiebr (CITE). al“lﬁdyﬁgdt}ebeﬁ@dn)mﬂjbﬁi de chain is
formed. The nucleic acid encoding the GTl Il may be operatively linked to

the repor fiem %@P@ﬁ%@rmq@n&%mkcww&n@xlﬁgltfz;nw@btﬂpbﬁedlg@ch that the
nucl ei ¢ aﬁi\v%ra?%(é\@:glﬁ@ &Q@Qﬂ%' Ai NEILGR! LREIRAE 2L ewg{ anscri bed

into an R ernat i very spliced rto” £He separate

nmessenger tratédiivheffRbgrtdiRSencodd Gt he resulting MRNAs is transl ated
into said reporter protein, and the other is translated into said GTIII.

WO 03/011878 PCT/ US02/ 24739 23 [0062] If several different nucleic acids
encoding a GhTlIIl are expressed, .t he maybe arranged in such way that they
are transcribed as bne o *BS® sé%’%/&sé?r&nﬂl\lﬂ\ nol ecul es. If they are

transcri bed as single nRNA nol ecule, their respective coding sequences nay
be l'inked either by an internal ribosone entry site (IRES) or by a

cap- i[@ﬂﬁébendenMﬂh@d&ﬂh@hmmﬂH@nweﬁoQJGECT;‘I()Hed'ﬁhebe arbgancbetusadieeri bed from a

single pro nto an R cul e whi is alternpativel liced into
sever al s EREr L RS SER JEP o R HNA Lo foR B FRERC AT Bl R 3F e each
transl at eghibRHO 4nldeithe " @SMBE! Is¥GucRACOGCURE BT and  appropriate

transcriptional/translational control signals. These methods include in vitro

recombinant DNA techniques, synthetic techniques and in vivo
recombination/geneticrecombination. See, for example, the techniques described
in Maniatis et al., Molecular Cloning A Laboratory Manual, Cold Spring Harbor
Laboratory, N.Y. (1989) and Ausubel et al., Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience, N.Y (1989).
[0064] . A variety of host-expression vectorsystems may be utilized to express the
coding sequence of the protein of interest and the coding sequence of the GnTIII.
Preferably, mammalian cells are used as host cell systems transfected with
recombinant plasmid DNA or cosmid DNA expression vectors containing the
coding sequence of the protein of interest and the coding sequence of the GnTIII.
Most preferably, CHO cells, BHK cells, NSO cells, SP2/0 cells, YO myeloma
cells, P3X63 mouse myeloma cells, PER cells, PER.C6 cells or hybridoma cells,
yeast cells, or insect cells are used as host cell system. In alternate embodiments,
other eukaryotic host cell systems may be contemplated, including, yeast cells

transformed with recombinant yeast expression vectors containing the coding



i. Expression Systenms [0063] Methods which are well known to those skilled
in the art can be used to construct expression vectors containing the
codi ng sewoaoelsss the protein of interest and the codi n@Ccydapornred of the
GnTI1 1 and appropriate transcriptiona/translational control signals.
These nethods include in vitro reconbinant DNA techni ques, synthetic
techni ques and in vivo reconbination/genetic reconbination. See, for
exanpl e, the techniques described in Maniatis et al., Mlecular Coning A
Labor at or seqwbmaifthe@d)tein&ﬁﬂtagstldaﬂlﬂfbrcodﬁa%la ueh&@of thd\GOTIL 128&) and Ausubel
et al., Current Protocols in Mlecular Biology, Geene Publishing

Associ at egcllrfstops einfectade veith aaeambingnt (g8 FrprepOOGAyectoryataget y of host

The. pr ot eEUETRIR) SRR A e R S ReHBETLR AR M Pref or abl y
mammal i ancs@hd §ecﬁ6@qe% EATIOSHlaktlell SHShE MielibdXiMmSEtEMpih I €COnDI nant

pl asm d DNA or cosm d expression véctors containing the coding
sequence wvitug ¢xpression ¥eators (e g.n¢astiflswenmdsaidrdrus JCEMY; tobgermmesaif t he GnTl .
Most preferabh%ﬁgk c%lls, BHK cel | s, N?O lels, SP2/0 ce]ls, YO nyel oma
cells, P3Xs%: C'O}‘%?E? giraedowith kecoppirapigasgud pEReIINNVE0E Ggshy br | doma
cells, I s d : : stem In

ol ter nat o SPESE hsppiatind (i XHinRclaterpl B S o8, I breEata BT P

cont enpl at@ling seqoéned ofitye Gu@ H;tor amimad cell systamb mfevedd wiith fecoabiaedn nant yeast
expression,  vectors, contai njng the coding WD 03/011878 PCT/ US02/ 24739 24
sequence BFUS FPTEEIOR SRR (eightadrRtinus vaccHg waw) iyladieg eelt Enest the GnTI | I ;
i nsect cgld: i-nf e I ' ' . 0N vectors
(g, Dot B e R e SRR T o1 ot

interest amdithchedingadiugcs efiterGETION eithbe stebly Rhipliflea (CHORKsotst ens i nf ect ed
w th reconbi nant Vvirus expression vectors (e.g., cauliflower nosaic virus,
CaMV; t obuesteblyaaplified ipjdoyle-nyipte domesemes ta:gemuvine eell eeshbi nant pl asni d

expr kPN vec i - plasm cont ai ni ng the..codi.n equence of
t he Eyr% §§gi n of iJ|81E1 ee1r§1§t%1 dSaonfrfih b H&e%_ioond%%i%leg}%ﬁgl%é efle’iaﬂgp@f ;or ani mal
cel | syst gyfarisitn€ exRéebsithtHecfiR6 AWYpIANY achieves more reproducible results

and also is more amenable to large scale production. Rather than using

expression vectors which contain viral origins of replication, host cells can be
transformed with the respective coding nucleic acids controlled by appropriate
expression control elements (e.g., promoter, enhancer, sequences, transcription
terminators, polyadenylation sites, etc.), and a sélectable marker. Following the
introduction of foreign DNA, engineered cells may be allowed to grow for 1-2
days in an enriched media, and then are switched to a selective medié. The
selectable marker in the recombinant plasmid confers resistance to the selection
and allows selection of cells which have stably integrated the plasmid into their
chromosomes and grow to form foci which in turn can be cloned and expanded
into cell lines.

[0066] A number of selection systems may be used, including, but not limited to,
the herpes simplex virus thymidine kinase (Wigler et al., Cell 11:223 (1977)),
hypoxanthine-guanine phosphoribosyltransferase (Szybalska & Szybalski, Proc.
Natl. Acad. Sci. USA 48:2026 (1962)), and adenine phosphoribosyltransferase
(Lowy et al., Cell 22:317 (1980)) genes, which can be employed in tk-, hgprt or



Vi rus expression vectors (e.g., adenovirus, vaccinia virus) including cel
lines engineered to contain nmultiple copies of the DNA encoding the
protei n oWoimaersest and the codi ng sequence of the G1Tl | IPCaitushze473¢ abl y
anplified (CHO dhfr) or wunstably anpiSified in doubl e-m nute .chronosones
(e.g., murine cell lines). [00651 For the nethods of this invention, stable
expression is generally preferred to transient expression because it
typically achieves nore reproducible results and also is nore anenable to
| ar ge scakprtpebsjuespeaivelyRaAIbS antitanbolit ReistA%OESSH RBd %l@&lte 9%5%5 whi ch contain
viral orig%qa of replication, host cells can be transtformed with the
respect i v&' BEURG IRLANE; whigh confersarsistandedd nmthatppap(Wiale eredpr essi on

trol el . G, , , tra i pti
Cerm nat o SRR 66 B Dr 00 Rlooy OHRE G ot el Vel dedctar Ut Rer
Fol | owi ng 781627 (mupdg@;wmahe(ﬁnfé@&@ﬁ%c%y&ﬁ%atﬂkﬁﬁra%ﬁd @ﬂlgg may be al | owed
a S

to grow for 1-2 days in an enriched nedi a, en ar ¥thed to a
sel ect i veSnB§iga. ProneNadeHeod aby.eUthdr %&2072n(198¢))s aeq ohidRonfkasm d confers

i st Lect i | ect | f cells which h
Crably | nisisebel BR Rty ki Bls Rlbre Gronpoesbs iaMa Giahy to Tor m f oci
whi ch’in £50:0(0%81)Pandh S,dwﬁ@ﬂc@ﬁfgﬁl ncﬁ%ﬁg%ée@%gxég%,&fi%ﬁ@@% %0661 A nunber

of sel ection systens maybe used, t he herpes

si npl ex v?k@@tﬁﬁfﬁﬁi(h@%gmg%&%@bmddﬁional selecﬁblelggﬂééh%%@béeh977)) .
hypoxant hi r;sgﬁguagm ne fqgﬂﬁhoﬁl Eo | transferase (Szybal ska & Szybal ski,
Proc. Nat T origeh angly twRbs whigh s(aellg 2tp) utiliged indlglen imlace of

phosphor i K@ r -, | 22:817 80)) genes, which
can be en&{oygd inﬂﬁilﬁ’;@ﬁlg%raglh%\%% bogiltblizfg@%nqggw @%@E%iﬁ%@“"?S aprt cells,
respect i viéilartman Lo MulligimePako Naile 48] Stamie moh@o(??g gaﬁlet he basis of

sel ection lf?r .dhfr, which confers resistance to neth te (Wgler et

al ., NatPliagungsyndhase s ;72nd$33€ (prubigy decarbenydasel which colfesc.  Nat | . Acad.
Sci . USA reéfiah sy ich conf.ers, resistance to _nycophenolic
acid (Ml 1 _gané'zcgo %%?g@lﬁ#ngg&éc@\tg%yﬁ%ch“g&@& ?’@%!&O%PWMD(LI%D) . neo,
whi ch conémitbine; BFMO {he€ohloghd)e idNTHPYCHBh BB FHi 8, GRnlbhgsr e- Garapin et

al ., J. I\@l Biagl . . .
, 10logy, Cold Spring Harbor Laboratory ed. (1987)).

1. Identification Of Transfectants Or Transformants That
Express The Protein Having A Modified Glycosylation
Pattern
[0067] The host cells which contain the coding sequence and which express the

biologically active gene products may be identified by at least four general
approaches; (a) DNA-DNA or DNA-RNA hybridization; (b) the presence or
absence of "marker" gene functions; (c) assessing the level of transcription as
measured by the expression of the respective mRNA trans cripts in the host cell;
and (d) detection of the gene product as measured by immunoassay or by its
biological activity.

[0068] In the first approach, the presence of the coding sequence of the protein
of interest and the coding sequence of the GnTIII inserted in the expression
vector can be detected by DNA-DNA or DNA-RNA hybridization using probes



150:1 (1981)); and hygro, which confers resistance to hygronycin (Santerre
et al., CGene 30:147 (1984) genes. Recently, additional selectable genes
have beerwoOdastisibed, nanely trpB, which allows cells to wCrlisez2478¢ol e in
pl ace of tryptophan; hisD, which allZws cells to utilize histinol in place
of histidine (Hartman & Mulligan, Proc. Natl. Acad. Sci. USA 85: 8047
(1988)); the glutam ne synthase system and ODC (ornithine decarboxyl ase)
whi ch confers resistance to the omthine decarboxyl ase i nhi bi tor,

2- (di f1 uog %;,myga tidQ & J}ut.eﬁ at@ﬁal\@gg 'tc?%x% | uveofor({) atory ed.

Conmuni cat S I'n ecu prin

(1987)). sequeﬂcﬂs:méslpfel:t@@ﬂy,@ﬂpﬁuoﬁﬁaﬂ@érﬂ'@ﬂi@d@ttﬁer%f Tr ansformants That Express
The Protein Having A Moudified G ycosyl ation Pattern [0067] The host cells
whi cH®8ht ai n Enﬁbeéwd@pe@qdbm@erem mmt@m@sqmres@tqr st gystsiogi cal | y

active gen entified b | east, four gener al

appr oachedt PLEHT IR s R P BrSer S Mot oS RBEence o
absence ofmaresene fuﬁ&[&sgél% ﬁtﬁmel&ﬁase ARG TeaStab 80 hiftitRdtice]
transcription as neasure e expressi on of the respective mRNA

transcri thSlStanCQﬂQen&tb@:teX@@L ﬂransfmtl@dphedmumdnsmﬁ bodyefogmationpr oduct as
nmeasur ed ‘i/ noas% y % it.s Sholo i cal actl%ﬁ1 B(£0068tJ In the first
appr oach, T REFUVIEE ). Ofﬁ I i Taugree %P t i nt er est

and the cqofliBda8e0EePERe Mqubht SPRE GATIIRRER Bl B&Rl ON  vector
can be det ecrt ed by %)I\IA(\IH RNATﬂgybrl 5?%3{"‘.%‘@%5. ng gerﬁ%bes WO

03/ 011878s@ﬂl&'ﬁdﬂ@ﬁﬁk?&@t@@reczﬁlbwnpmomnmgagthmﬂeqmcud@ccmmgmqmﬁ hat are
R e O T e
o e A eSS ST byd
t hym di neokiheaame ac tifferdny promsesised ¢e comiralriid dxipedssios of tHeasidiigance to
met hot r exgléq%’enctersan}%)];p(%zzsrsrfg[nI 8fnthre):hr?1er1]r(l)<£:ry %eresgo%(;s{le lég Ing&cggr? %r fsgliacr:tc?c;[nl on
indicates expression of the coding sequence of the protein of interest and the
coding sequence of the GnTIIL
[0070] In the third approach, transcriptional activity for the coding region of the
protein of interest and the coding sequence of the GnTIII can be assessed by
hybridization assays. For example, RNA can be isolated and analyzed by
Northern blot using a probe homologous to the coding sequences of the protein
of interest and the coding sequence of the GnTIII or particular portions thereof.
Alternatively, total nucleic acids of the host cell may be extracted and assayed
for hybridization to such probes.
[0071] In the fourth approach, the expression of the protein products of the
protein of interest and the coding sequence of the GnTII can be assessed
immunologically, for example by Western blots, immunoassays such as
radioimmuno-precipitation, enzyme-linked immunoassays and the like. The

ultimate test of the success of the expression system, however, involves the

detection of the biologically active gene products.



in baculovirus, etc.). For exanple, if the coding sequence of the protein
of interest and the coding sequence of the GnTIIl are inserted within a
mar ker gewe o3pesaence of the vector, reconbi nants cont ai nipag/uSaz247@specti ve
codi ng sequences can be identified b3 the absence of the marker gene
function. Alternatively, a marker gene can be placed in tandemw th the
codi ng sequences under the control of the sanme or different pronoter used
to control the expression of the coding sequences. Expression of the

marker in respgnse (RnbAfirhhBUsPOFPRbEGS AR Pl akAsSHRYifg S on of the
codi ng sequence of tﬁ%gﬁk%&&&%e%onﬁ%h&%§5t and the Toding seguence of the
itd a

GnTIIl. [0070] In the broach, transcriptional activity for the
coding region of the praotein of interest and the codi ng sequence of the
GnTl 11 can be assessed b{Fensiptet dindalisePiaAn !eS#é?wwgmsf:@,edRNA can be

i sol ated and anal yzed byAnsibpdhPepensient CelbilardsdotpxisBe honol ogous to the
codi ng sequences of the protein of interest and the coding sequence of the
GnTIll or particular portions thereof. Alternatively, total nucleic acids

of tl[tﬁmfst Celth probitred @nBY A thed?h AR AR ptRAdd R doflirgRbEON to such
probes. |0071] In the fourth approach, the expression of the protein

product s ehtibdikes apd antibiody Ghgmettehadtg mactasddantiowiyrdppsedpnecetielaof t he GnTI | |
can be asses%ed. i mmunol ogi cally, for exanple by Western bl ots,
i Mmunoass& "as radi oi mruno- precipitation, enzyme-|inked i munoassays

and yowraji ke, Tifical biddTBE Gndofifloattll iR Sfodcs! HEABY RGEAGST OD System

however, "i nvol ves the ogl cal Iy active gene products.
WO 03/ 011 &e8tni@T blUSHRd BpE86f cantebhavecreecmly yinldéd dnddueagihg fesaltsei ns And
Protein Eﬁ9 ments, Having .  Altered dycosylation Patterns . i. GCeneration

1

And Use OPUReERnGaned Fgtfieng & deadiapfienm ARii2Budy (IB8knHente! Bl ul ar
Y ot X bR PEIPLR RUABRC Bl ESPR UET 0
ant i body- dgpereéfur l@eltadk af follicular B-cell non-Hodgkin's lymphoma Dillman,
Cancer Biother. & Radiopharm. 12:223-25 (1997), while another unconjugated
mAb, a humanized IgG1 targeting solid breas:c tumors, has also been showing
promising results in phase III clinical trials. Deo et al., Immunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
respective tumor cells and the antibodies mediate potent tumor destruction by
effector cells in vitro and in vivo. In contrast, many other unconjugated mAbs
with fine tumor specificities cannot trigger effector functions of sufficient
potency to be clinically useful. Frost et al.; Cancer 80:317-33 (1997), Surfus et
al.,J. Immunother. 19:184-91 (1996). For some of these weaker mAbs, adjunct
cytokine therapy is currently being tested. Addition of cytokines can stimulate
antibody-dependent cellular cytotoxicity (ADCC) by increasing the activity and
number of circulating lymphocytes. Frost et al., Cancer 80:317-33 (1997),
Surfus et al., J. Immunother. 19:184-91 (1996). ADCC, a lytic attack on
antibody-targeted cells, is triggered upon binding of leukocyte receptors to the
constantregion (Fc) of antibodies. Deo et al., Immunology Today 18:127 (1997).
[0074] A different, but complementary, approach to increase ADCC activity of

unconjugated IgGls is to engineer the Fc region of the antibody to increase its



cytotoxicity. [0073] dinical trials of unconjugated nonocl onal antibodies
(mAbs) for the treatnent of sone types of cancer have recently vyiel ded
encouragiwgmwess’ed s. Dil |l man, Cancer Biother. & Radi ophaPar/usa2/2239 25
(1997); Deo et al., [Imunol ogy Today2818: 127 (1997). A chineric,

unconj ugated 1gGlL has been approved for |lowgrade or follicular B-cell
non- Hodgki n's | ynphoma Di |l man, Cancer Biother. & Radi opharm 12:223-25
(1997), while another unconjugated mAb, a humani zed I gGl targeting solid

breast tu gl gﬁ i r em. i %wlr se |11
clinical {@@g&lﬁﬁ% t Og}ﬁgpecﬁwég%%ﬁ %%ggﬂ% ts‘(%fgegy% The anti gens
of these dhovntASFERS ilte@bl witktiles&ddnddregiogof thelgSIEHI dotgaibunor cel l's and
the anti bodi es nedi ate potent tunor destruction b effector cells in vitro

and in vilwend ?haéoﬁtfm@tn,ol.Mgﬂ96§+68r(189@onﬂaga‘feéd ¢ Hindigig: #5G i ne t unor

specificities cannot tri reff Qr func of icient, potency to
be clini c%?qu’gfeS 8?8?%“%%9@%8?“5 ar1 &%Vagentﬂﬁ(f‘&%ihfdfg%(el@gﬁw dSurf us et

al ., J. | xeMnoY hekhe EP21RGIAL 1(&1%9@)611 Formsensl. qb7ubeseoweader mAbs,

adj unct cytokine therapy is currently bei ng tested. Addition of cytokl nes

can sti muWaight aad Nowidgn, depefidiiorecls d5t 263 (1897 suggestingthitabid) by

o Cancaiesgeb el pidt el ponrbuete B imaRBERaIe oo, 1. 8a- o1
(1996) .  ARGChAoliydsabel@lilasK réllire® R nRAYint &1 Q&f\%%ﬂ@lﬂoﬁgc &dd riggered upon

bi ndi ng of | eukocyte receptors to the constant region of antibodi es.
Deo et al conformatival ddydificaiagn di8the Plig¢sbodiayide FOOTUL c&ndﬂnefréfereehﬁ , but

conpl enent ary, proach to increa activi t of unconjugated Igds is
to engi ne&fP ?‘P‘?éa‘gém@&? WS‘ieasteﬁg %t%f‘}tgcg?‘eﬂ%tefaﬁ@ Lase its WD 03/011878

PCT/ {93 24739 ArABANGIERIIL YariEl oo thXUPOREKAERSRASRL A B foFiBher 1) FS)

Pr ot ngi neeri fng st udi ave shown that Fc YRs intéract with the

| ower hi ngee orghchnhevy tchainl ¢G iyl daprotsin, alb.amnboely labrqduded dsrarunol .
157: 4963- 69 (1996). However, FcyR binding also  requires the presence of
ol | gosaccH‘é?l}é@@&woémwﬁﬁh%%eém%%y%@mmm 9%7 in the CH2

region. Lynl &l %Ihgosa%cha{tf@gyngﬂtach&? 15" 482" %ﬂzcgs’&cﬁ@n sites.  The

oligosaccharides normally found in the Fc région of serum IgG are of complex

bi-antennary type (Wormald et al., Biochemistry 36:130-38 (1997), with low
level of terminal sialic acid and bisecting N-acetylglucosamine (GlcNAc), and
avariable degree of terminal galactosylation and core fucosylation. Some studies
suggest that the minimal carbohydrate structure required for FcyR binding lies
within the oligosaccharide core. Lund et al., J. Immunol. 157:4963-69 (1996)
Theremoval of terminal galactoses results in approximately a two-fold reduction
in ADCC activity, indicating arole for these residues in FcyR receptor binding.
Lund et al., J. Immunol. 157:4963-69 (1996)

[0076] The mouse- or hamster-derived cell lines used in industry and academia
for production of unconjugated therapeutic mAbs normally attach the required
oligosaccharide determinants to Fc sites. IgGs expressed in these cell lines lack,
however, the bisecting GIcNAc found in low amounts in serum IgGs. Lifely et
al.; Glycobiology 318:813-22 (1995). In contrast, it was recently observed that
a rat myeloma-produced, humanized IgG1 (CAMPATH-1H) carried a bisecting
GlcNAc in some of its glycoforms. Lifely et al., Glycobiology 318:813-22



Wight and Morrison, Trends Biotech. 15:26-31 (1997), suggesting that

either oligosaccharide and pol ypeptide both directly contribute to the
interactiwpoiotw7®r that the oligosaccharide is requiredPCa/usaz/ed7ad n an
active CH2 polypeptide conformation.29Vdification of the oligosaccharide
structure can therefore be explored as a nmeans to increase the affinity of
the interaction. [0075] An 19gG nolecule carries two N-1inked

ol i gosaccharides in its Fc region, one on each heavy chain. As any

gl ycopr ot ¢igys) a } o 9(%,01% s i f yecof ornms which
share the%sg:a?rr% g%%%g%?%ﬂegggﬁbone %&?éﬁgl\%&?%1{l?gr@2?@o °?l<f:} sacchari des
attached apCAMPATHedEpitALIES psiduesl in Fhedardtdlldoeabubaisignéfcantty mal | y f ound
in the Fc.region of serumlgG are of conplex bi-antennary type (Wrnmald et
al ., Bioc ‘T?‘%?PP?O EEOPSHEIEOPS997) , with low level of terminal sialic acid
and b ting t 9 iabl gree of
termh?@??gal acfﬂggy zg# %Eﬂga%ﬁgé%ﬁgmﬂm?ﬁagﬁ%héé}%@d&l gglggsuggest t hat
t he m ni metlls; amdothisdetainerie toiAb thas digle ADC@ dcfivity TC#RB dliseildengf 4ies within
the oligogsaccharide core. Lund et _al., J. Immnol. 157:4963-69 (1996) The
removal obiseeiing GiNAfal ddfebs esaly, dhirabiology BF% Bx2 e85 Ta thewy- f ol d

ducti ong. i i Vi i ndj cati le f h id in FcyR
Fecept o LnisH glysos Rl ity WHSERRANAY, & Ada ¥IEE HEFHS To07e) The
nouse- or UBAENaicetgRilhoBsnEGlttankfeRas INGRT ITY). SORALEES, Bidsntracagem a for

production of uncon{augat ed therapeutic mAbs normally attach the required
ol i gosaccael 66 1efeBE(IN8ANts to Fe sites. 1gGs expressed in these cell

i k, h t.ne bisectj i ] ts i
oGO0 o, oHEEFseniiGensyR o S gls SB00s 100y COYL NS ast ” TE v
recently %h%%aﬁ%’ev‘i&lﬁgg iﬁ&&ed%eé@%]g,ﬁﬁ‘aﬂléﬁléﬁxall uegnhégﬁ?éggg}( CAMPATH- 1H)

carried a bisecting c in sone of its glycoforns. Li et al.,

d ycobi ol differatdwkfazlonel GBT0N 878 PGTAfBORh24(ABIEhed Por(tHOMS) . The rat
T°H ant 1 bYGESFOR GuEEa o SaRpu PR o] oLl S APCE A cant 1y | over
anti body &eRESALJiALd Atfbody.
[0079] The present inventors previously showed that C2B8 antibody modified
according to the disclosed method had an about sixteen-fold higher ADCC

activity than the standard, unmodified C2B8 antibody produced under identical
cell culture and purification conditions. Briefly, a C2B8 antibody sample -
expressed in CHO-tTA-C2B8 cells that do not have GnT III expression showed .
a cytotoxic activity of about 31% (at 1pg/ml antibody concentration), measured
as in vitro lysis of SB cells (CD20+) by human lymphocytes. In contrast, C2B8
antibody derived from a CHO cell culture expressing GnT III at a basal, largely
repressed level showed at 1pg/ml antibody concentration a 33% increase in
ADCC activity against the control at the same antibody concentration. Moreover,
increasing the expression of GnT II produced a large increase of almost 80% in
the maximal ADCC activity (at 1pg/ml antibody concentration) compared to the
control at the same antibody concentration. (See International Publication No.
WO 99/54342, the entire contents of which are hereby incorporated by

reference.)



[0077] The CAMPATH antigen is normally present at high |levels on | ynphoma
cells, and this chinmeric mAb has high ADCC activity in the absence of a

bi secti ngwGhemAs7s Lifely et al., G ycobiology 318:813-22 @C395)p2/24789t he N-

| i nked gl ycosyl ati on pat hway, a bisec¥i ng GIcNAc is added by the enzyne
(err)(1,4)-Nacetylglucosam nyltransferase 11l (G T II11). Schachter,

Bi ochem Cell Biol. 64:163-81 (1986). [0078] . The present inventors used
a single antibody producing CHO cell line, that was previously engineered
to el®88ks, i nFarhéxhbdtitdslof tHedgtthaibelavigsitRied affifddgtdptndegrel s of a
cloned GnT ||| gene. This approach established for the first tine a

ri gorous EHH@E ioteRciBetngidn, bt precaatilioritedfio GalithumaamgurdidesiDEC activity of

the nodifj i.body, Th i -evi ousl y showed t hat
one ant | BEtoBIb AMe ACHT PG BRE B dhe et ik B R IRt an sbout
si xt een- f ghichdficOkfti-hdCrenal cblY | dadid IR nddhBciohA b ddy (Piedish] ed C2B8

anti body produced under identical cell culture and purification
condi t i onBrodee¢ddsy the methodpef tha tivsotign, shuplagizedapi- HEREdnomvclonal t TA- C2B8

[ls that t h T || ' h d. t.ot Qxi tivit f
about 31 R0 Te g A mab bR IR Coroded Brne Moot st vitro | ysis
of SB el hivch€RPQ thinkticaHThlula K BACHE Snd bilaG AN f Atk m R BR PN | DOdY

derived froma ¢CHO cel | culture exptes%ing | ar gel y
r epr essedaitghody (BYIG g grodticetiiynthe arethdas df the dmeeation, athugianized 34fii ncr ease in
[ Inst. the control at_ the sanme anti body concentration.

ADCC [
Nbreosgﬁl,}\{‘lnitnﬁ%f’giéiaﬁ@getnﬁé"n& alaatibedy(622W94) prodgesihydhemethpds ge i ncrease

of al nost 88% ifent gmﬁh' ARGSG, | Vi nt iy body
concentr a?i on) cglrlr%gl?ea todﬁ?%eg con"?‘ﬁ%i &g%)%tc%ghs%oﬁe%?r%?%g‘éggconcent ration.
(See | nt epregiiceainiay themidthaia tof dite NOentidADaD WMibABGAZy mehaoAtantiBodgont ent s of

whi ch are, hereby incorporated by _reference.) W 03/011878 PCT/ US02/ 24739

30 _[00801(%%‘%%?“%98%&@3 danghesidnprdurasnbnabe metheds cbded

ant 1 body- AgRANILING £ BlilrdhiE Tanfih Rl filhud- 0 48noBl mdlctiohgf 1M ted to.
antibody (SF-25) produced by the methods of the invention, an anti-human small

cell lung carcinoma monoclonal antibody (BEC2, ImClone Systems, Merck
KgaA) produced by the methods of the invention, an anti-human non-Hodgkin's
lymphoma monoclonal antibody (Bexxar (tositumomab, Coulter
Pharmaceuticals), Oncolym (Techniclone, Alpha Therapeutic)) produceci by the
methods of the invention, an anti-human squamous cell head and neck carcinoma
monoclonal antibody (C225, ImClone Systems)A prepared by the methods of the
invention, an anti-human rectal and colon carcinoma monoclonal antibody
(Panorex (edrecolomab), Centocor, Glaxo Wellcome) prepared by the methods
of the invention, an anti-human ovarian carcinoma monoclonal antibody
(Theragyn, Antisoma) produced by the methods of the invention, an anti-human
acute myelogenous leukemia carcinoma monoclonal antibody (SmartM195,
Protein Design Labs, Kanebo) produced by the methods of the invention, an anti-
human malignant gliomamonoclonal antibody (Cotara, Techniclone, Cambridge
Antibody Technology) produced by the methods of the invention, an anti-human
B cell non-Hodgkins lymphoma monoclonal antibody (IDEC-Y2BS8, IDEC

Pharmaceuticals) produced by the methods of the invention, an anti-human solid



nonocl onal anti body (chCE7) produced by the nethods of the invention, a
chinmeric anti-human renal cell carcinoma nonocl onal antibody (ch-G50)
produced w9 osioeisnet hods of the invention, a humani zed ant iPCHERB2/28®C| onal
anti body (e.g., Trastuzumab (HERCEPTIN)) produced-by the methods of the
invention, a chineric anti-human colon, |ung, and breast carci nona

nonocl onal anti body (I NG 1) produced by the nethods of the invention, a
humani zed anti- human 17-1A antigen nonocl onal anti body (3622W4)

pr oducedbjunidie m@ideial amibddpe(CGEALEe] PmudodaRE) %@@u@é&t by eman col or ect al
tunor anti body (A33) . produced by the nethods of the invention, an

ant i - hunafehoda b the antanbiody an @RE-hyman resbredalagradinerna @BHoghngl | osi de

pr oduced +t he h i nvent.i an, and hi neyi ti-human
squanous- ¢ o Xé@%@%ﬁ"%%‘ﬁ@%" %‘F@B’(ﬁ%‘s‘cfd&% g?)mﬁ{l?ﬂ%l?? by the

met hods  ofnvehgod, NME HotiGhm=AN oﬁ%r,i ‘ktﬂﬁ?ﬁn badasy |andC§f'0|sta|téJQ chfohfl noma

. nmonocl onal anti body (BEC2, | one Systens, Merck KgaA) produced by the
met hods ofmonpeonal aetbedy(MIXK-24 At Medmer Novantis Horddkded by thd mehéddsma nonocl onal

ant i body xxar (.t ositummab, ulter _Pharmaceuticals), Oncolym

(Technt o1 BFES TN opit Fart gy Rtssid and BRI EMEmORBEAgsiontl  he

i nvent i oNgnidfdd n(;pm RNTRR q Cj monocl onal
ant i body ?HCZZS? nCl one System;%ﬁ(g]lggl}g%ﬂ%?@{% eﬁrgre %tggis g]?a{éﬁe i nvention,
an anti - hinventiorg @b ahti-nthan AlAIG-72 @xpresshapcatinomh amvabclenilidatbydy ( Panor ex
(edrecol o G axo, W] | cone) prepared by the nethods of the

Cent
i nventi on?ﬁﬁh{‘%@iﬁ]\’lo R PEaesdhy thesnethadsef theinventionaan atichuss@y  ( Ther agyn,
Ant i . o . o h :
el ogenonorf eupeitcdlifodEhIBEaoRl ahdbdy AR UAN BBy 38 ™5 ot el

Desi gn Lahgthodanebtje pivedticdAby-VEGF ebtvelimabhntibtRlyl (G&ithice), an anti -
human mal i gnant_glionma nonocl onal anti body (Cotara, Techniclone, Canbridge
Ant i body PeeheRs Wiy mthnds o8 tsyinventiomemnipet hugtantbiesst, hingnpiostate an ant i - human

B cell nop- i |.yrph nocl onal _anti bod I - Y2 | DEC
Phar FYHCEUF[II {gﬁggﬂe%?c? uccg:%él? ag%n?ﬁrggﬁ%[{aﬁgdgaﬂm%éx@%\?gﬁ% %Egdﬂ}( anti - human
solid WO (BreOdr&k( A1faREL){0dhctd H9%he Mbthods of the invention, and an anti-

human acute myelogenous leukemiamonoclonal antibody (Monoclonal Anﬁbody

Conjugate, Immunex) produced by the methods of the invention. In addition,
the invention is directed to antibody fragment and fusion proteins comprising a

region that is equivalent to the Fc region of immunoglobulins.

ii. Generation And Use Of Fusion Proteins Comprising A
Region Equivalent To An Fc Region Of An
Immunoglobulin That Promote Fc-Mediated Cytotoxicity

[0081] As discussed above, the present invention relates to a method for
increasing the ADCC activity of therapeutic antibodies. This is achieved by
engineering the glycosylation pattern of the Fc region of such antibodies, in
particular by maximizing the proportion of antibody molecules carrying bisected
complex oligosaccharides and bisected hybrid oligosaccharides N-linked to the
conserved glycosylation sites in their Fc regions. This strategy can be applied to
increase Fc-mediated cellular cytotoxicity against undesirable cells mediated by

any molecule carrying a region that is an equivalent to the Fc region of an



tunors nonocl onal anti body (CEA-C de, |nmmunonedi cs) produced by the

met hods of the invention, an anti-human col orectal carcinoma nonocl onal
ant i body wbodions78.31- MN- 14, | mmunonedi cs) produced by t he pagtusons4764 t he

i nvention, an anti-human ovary, Kkidne32, breast, and prostate carci noma
nonocl onal anti body (MDX-2 10, Medarex, Novartis) produced by the nethods
of the invention, an anti-human col orectal and pancreas carci noma

nonocl onal anti body (TTMA, Pharmaci e & Upjohn) produced by the nethods of

the i nvefitun@hogldduliaN tiot Moyl Aferdgeis PARLBHRE, GRICE | theMBhaip&oc! onal
ant i body (NDX—220 Medar ex produced by the nethods of the invention, an

ant i - humamtrog@red-tyxipe eaginneriegol glyooslaton ebkdaly dret Fdgion( wdX- 447)

pr oduced nmet hods nventl on, Anti-VEG: nocl gnal anti body
(Genent eclErerF g EEtopgs Wit e KO HCTspSeitaly Mriate: b Aoat &E, - hunan

br east, IHﬁawe@rlﬁsth@t&nc@nﬂma%fs&@a&-s&ﬁﬁmﬂgrmo@aﬂem heanipdrel anona
nonocl onal anti body (BrevaRex, AltaRex duced by the nethods of the
i nvent i onpreaeudlyahsciosed mdtlwdarcambahpplm;&ahdg@buisarbmnkﬁnnﬁtadmgrﬁa)cl onal

ant i body ocl Qqnal Anti body Con ugat e, nex roduced by the nethods
of the in%‘g{bﬁFJﬂmI} Rrofetas magh of atﬁégqlﬁgd?ﬁ?‘i%‘n ‘?@alal d&?é‘I -ant i body

fragment &?@d&éfﬁ@c%@%ﬁk@éﬁ%ﬁ hﬁ& T)fe% &Bz'?) cﬂa}& ”5%& @n"a' ent to the

Fc region I mrunogl o I'Ns nera Proteins
Conpri si ngnd\ (bRelisma fguibyaleemthdred Asiba Iﬁegamm nﬁdeAﬁf a mymnngl obul i n That
Pronot e Fc- Medi ated Cytatoxici [ 00811 As di scussed above, the present

i nvent i ontrpRsRanEraneqd Oén%@?ééwﬁé?es tp e rlasmaigenbrnpfsed de thelNt y of

ther apeut |6 88 LPaSkeResicHstalis, PRI SYBE. Bifech8l 1887 BGgpe o yoosyl at i on

pattern o C regi ‘ait n - part r by maxi m zing

the poospprti OnIIDihe&md SOSHIUBID f@tot pidteims (aYy kHtdtalticHRE (d6AhairC QiRgRIse X
oli gosaccharl des and bi sected hybrid oli osaccharl des N-linked to the

conser vedb@idingsd fhefusion priteia do ipdesisehle catls speyasmancer Thlls et imaregy can be
eDPI1 9. b Sl o TR AFDAHE' KGR e BLIRL sl
the Fc r eGis@lbs&fm@eﬂod@@eﬂ?dn@éﬁgﬁ&n?e@ﬂté&@ﬁﬁl%@%ﬂomc activity mediated
by these molecules would therefore be identical to the method applied to
therapeutic antibodies.
[0083] In the case of membrane-anchored fusion proteins (b) the undesirable
cells in the body have to express the gene encoding the fusion protein. This can
be achieved either by gene therapy approaches, i.e., by transfecting the cells in
vivo with a plasmid or viral vector that directs expression of the fusion protein-
encoding gene to undesirable cells, or by implantation in the body of cells
genetically engineered to express the fusion protein on their surface.- The later
cells would normally be implanted in the body inside a polymer capsule
(encapsulated cell therapy) where they cannot be destroyed by an Fc-mediated
cellular cytotoxicity mechanism. However should the capsule device fail and the
escaping cells become undesirable, then they can be eliminated by Fc-mediated
cellular cytotoxicity. Stabila et al., Nature Biotech. 16: 1357 (1998). In this
case, the presently disclosed method would be applied either by incorporating
into the gene therapy vector an additional gene expression cassette directing

adequate or maximal expression levels of GnT III or by engineering the cells to



32 i mmunogl obulin, not only by therapeutic antibodies, since the changes

i ntroduced by the engineering of glycosylation affect only the Fc region
and therwbhoB®1ists i nteractions with the Fc receptors on tha/soz/tace of
effector cells involved in the ADCC 3echani sm Fc-containing nolecules to
which the presently disclosed nethods can be applied include, but are not
limted to, (a) soluble fusion proteins nmade of a targeting protein domain
fused to the N term nus of an Fc-region (Chanov and Ashkenazi, Trends

Bi ot ech. Béimgizntéd BO&presd Abeduitle d¥lraSimalTevdls aNEnBME B Bsth khkgs,on proteins
made of a type Il transmenbrane domain that |[ocalizes to the. plasm
menbr ane thgsem af dhe Hisciised method ds toincrpaseror mexiinure thepadportaon ¢ F. , Nat ur e
Bi otech. 16, 1357.(1998)). [0082] |n the case aof solublge fusion proteins
Cay the + SPESE CREAYERBF freinms GF0he bRrirs e ancT dlecr et BiepriTe n ©o

undesi r abhgeGed hybrRMipodkchalieer cells, i.e., in an anal ogous fashion to
t herapeutic anti’bodi es. The application of presently disclosednethodto
enhaj0984} he FcTheelanipdes bebiw edplain thetivtenkiprinansdredethi). Tiediolibeihg by t hese

nol ecul es woul d therefore be identical o the_ nethod applied to

t her apeut PEPHAHPIARdecamplss g5 S1v R iorablesboss SR TR IRORed 1 usi on
proteins Adetin : L0k ss the gene
encodi ngé]ﬁaeﬂ}%%g}eﬁ pro!tEl Z?Jﬂl.%cq'ﬁ?géﬁrae%&t e 30%?@%3%‘%?’%@&&@%&%% t her apy
appr oacheBowevee, is noy litrited i ecdpety thbexaaplified émbodindentyyiwihick afd asm d or
viral vector that directs expression of the fusion protein- encoding gene

t o undesi Pagnded @ illustrafipnsof single asnestsi ofithe fvengonenly, and mathpds genetical |y
. s . O e
101 8 P Rl WA

cells wou nor na i NSi y1er capsul e

(encapsul aarshseddifitdienapithe ettt il additianinthodeales@ibed By@eh Wil an
Fc-nediated cellular cytotoxicity mechanism However should the capsul e

devi ce fab¢comerppawent wdtaegsisigleddn itke #ré Sometha feregdingBeseriptioneand hey can be
el i m nated l(o) Fc-.{lre%at.eds ﬁel | ul arc c§t ot oxi.ci t%. Stqg@i l.a.et, al ., Nature
Bi ot ech. 1% g fgdpyies.| jugh, modifications gri dritepaed 0 fall Within fiss o4 et hod
woul d be gRpkioethetiphbBRiedRIimfIiCOr porating into the gene therapy vector an
addi ti onal gene expression cassette directing

EXAMPLE 1

New Versions of the Chimeric Anti-CD20 Antibody IDEC-C2B8
Having Enhanced Antibody-Dependent Cellular Cytotoxicity
Obtained by Glycosylation Engineering of an IDEC-CEBS8
Producing Cell Line

[0085] Synthesis of VH and VL coding regions of IDEC-C2B8 and construction
of mammalian expression vectors. cDNAs encoding the VH and VL regions of
IDEC-C2B8 antibody were assembled from a set of overlapping single-stranded
oligonucleotides in a one-step process using PCR (Kobayashi, N., et al.,
Biotechniques 23:500-503 (1997)). The original sequence data coding for IDEC-
C2B8 VL and VH were obtained from a published international patent
application (International Publication Number: WO 94/11026). Assembled VL
and VH cDNA fragments were subcloned into pBluescriptlTKS(+), sequenced
and directly joined by ligation to the human constant light (Igx) and heavy (IgGl)

chain cDNAs, respectively, using unique restriction sites introduced at the



adequate or maxi mal expression levels of G1T Il or by engineering the
cells to WD 03/011878 PCT/ US02/ 24739 33 be inplanted to express adequate
or maxi mewoloawelsss of GnT I11. In both cases, the aimof trea/wyezi’esed
method is to increase or maxi m ze theddproportion of surface-displayed Fc
regions carrying bisected conplex oligosaccharides and/or bisected hybrid
ol i gosacchari des. [00841 The exanpl es bel ow explain the invention in nore
detail. The following preparations and exanples are given to enable those

skilled i Rafidbie @id cdnStafiPfeBionGhfdiohy withe\@ afibaiitithe elighl Rindfidcle t he present
invention. The present invention, however, is not limted in scope by the
exenpl i f | egidugiseanaren(idmani Potet al.eNat Rioteaired 1{s176-180s61P29)i Ba, of singl e

aspects of . the inventi efunctl nal |y

equi val eni\4 g’e t\ﬁﬁltépﬁd%é@g %B&?%g»?ﬁgcrhﬁ@elﬁ?@fbgﬁ ESgPar f\fl'ig’ri ous

modi fi cat kgiisorll ke mmatﬂ(@ (RitRGEH, LILER, e NGR&GIHAHCTRRE herein will
becone apparent to t ose skilled in the art fromthe foregoi ng descri ption

and acconpamyiliay ekpeassiogvectSusclor nlbidiefic €20B8dight {p@2R81i)eandddatyo fall within

t he scop?ﬁ e aBpended clainms. EXAMPLE 1 New Versions of the Chineric
Anti - CD20 B C-C2B8 Havi ng Enhanced Ant i body- Dependent Cel | ul ar

to it - CEBS
ot oQU DGRl L) | FROBADE CR YDA b Ol SR ES e B enP I PR O

| DEC- C2B8 Goaiilll. cEmmbhslmmm rof tofo CRIOMatll axnesgmﬂﬁstsu-ﬁnTlIéeMSmchNAs encodi ng
t he VH ang}bf L reg| &ﬁ‘a‘ | DEC- C2B8 anti body were assenbled froma set of
over | appi ’%TdP‘ée %P? &4 dependingon: the detraryslme copceieationdp sy ocess usi ng

PCR (Koba ame The ori gi nal
sequence ata co%hlng %%?ICP&&'FAC%% ec%ll@ﬁ}eaggteﬁg trgﬂjtn%é’)%rom a

publ i shed Gﬂ’TﬂHhﬁ@lbdeﬁﬁ@dcnb@d;&ﬂﬁouﬂjbﬁﬂmﬁﬁl;PQBta(llNhﬂ?zaﬁ&hiwllaIV 1Rgbl i cation
Nunmber: WO 94/11026). Assenbled VL and VH cDNA fragnents were subcl oned

into pBl ué§Q(1i9§9),|Lkg;(na)P gabuBigtaslinol Bioeng. 65 542-549 (1999)). Each cell
line was cotranfected with vectors pC2B8L, pC2B8H, and pZeoSV2(+) (for

Zeocinresistance; Invitrogen, Leek, The Netherlands) using a calcium phosphate
method. Zeocin resistant clones were transferred to a 96-well plate and assayed
for IDEC-C2B8 production using an ELISA assay specific for the human
constant region (4). Three IDEC-C2B8 samples were obtained from parallel
cultures of a selected clone (CHO-tet-GnTIII-C2B8), differing only in the
tetracycline concentration added to the medium (25, 50 and 2000 ng/mL
respectively). Culture supernatants were harvested in the late exponential phase.
An additional antibody sample was obtained from a CHO-tTA-derived clone,
CHO-tTA-C2BS8, cultured under identical conditions but without adding
tetracycline to the medium. Antibody samples were purified from culture
medium by protein A affinity chromatography and buffer exchanged to PBS on
a cation exchange column as previously described (Umana, P., et al, Nat
Biotechno(. 17:176-180 (1999)). Antibody concentration was measured using a
fluorescence-based kit from Molecular Probes (Leiden, The Netherlands) with
Rituximab used as standard.

[0087] Indirect immunofluorescence. CD20-positive cells (SB cells; ATCC
depositno. ATCC CCL120) and CD20-negative cells (HSB cells; ATCC deposit



and directly joined by ligation to the human constant |ight (1gx) and heavy
(lgd) chain cDNAs, respectively, using unique restriction sites

i nt r oduceaoaB/ottses WO 03/ 011878 PCT/ US02/ 24739 34 vari abl @cantboza+13¢ ant
region junctions without altering thesSoriginal amno acid residue sequence
(Urana, P., et al., Nat Biotechnol. 17:176-180 (1999); Reff, M E., et

al ., Blood 83:435-445 (1994)). Each full-length cDNA was separately

subcl oned into pcDNA3. 1(+) (Invitrogen, Leek, The Netherl ands) vyi el ding
mammal i an X AT CoN1YSE) RER hell inehbdi® fof 1°4E8 2§ BinI (PEARELY. and heavy
(pC2B8H) chains. [00861 Production of IDEC C2B8 i n"CHO cells expressing

di f f er ent Gmlidlderioed MBECIA2BSEsntbddys HmeHanldd Halmc&@HGabte lsblutiomes,

CHO tet - A [ . diff t | | f GiIH d di th
Lot racycl RO LariRah ROfFad and Ay (ariBe BaR HOUDHE (GHER WA, the

t al | ' I i bed
T i e P i F T

P., etal . HBSSBeaimet Biseadgf CH5S fiboby.9A FINO9)jugdted; Ante@linan Fé ne was
cotranfected with vectors pC2B8L, pC2B8H, and {)ZeoSVZé;é (for Zeocin
- Qv

resi st ancd@olygienat abedy was axed apifeserendanr antihady) (SISMAy igh fgm phosphat e

hod. Zegci [ es. . 3 d 96-wel | pl d
nesayed oy ol Sl et SRR ol PTG el Mione (' Tor [he

human conWeshr, Geghaiy).(4) . Three | DEC- C2B8 sanpl es were obtained from

parallel cultures of a selected clone (CHO-tet-GnTIII-C2B8), differing
only [P888lhe t dfigpsqechuride pwofdling but MIRDATEaMSo Neutrah dNdimked5, 50 and

2000 ng/ . respectively)., Culiture rnatants were rLvest in the |ate
ex pone%t ir%?hgg?eﬁ%%ndeﬁﬁv eé%ié%efl?’ ‘%g‘i"%mo?@fbé’gmﬂ@l’iﬁés %@Fﬁgg froma
CHO- t TA. dqEhsiartdoiipar@Ribukingi? Bihd o b Srangriehivesiglspgal cond ti ons

but wi thout addin tetracycline to the nedium Antibody sanples were
purified fywitacdand)CB8-3oCARB59L, FRBBA00NafGIBE-nty (10Rn@eath)gs aphy and

descr! bod ORI metiog) (path, i o BEEMRAGIo# T HaRIBH0)) ” ant i boay

concent r atpQfWaR SNEBSYY Sthpht valte Rirst treated with Arthrobacter ureafaciens
sialidase (Oxford Glycosciences, Abingson, UK) to remove any sialic acid

monosaccharide residues. Neutral N-linked oligosaccharides were then released
from the desialylated antibody samples using peptide-N-glycosidase F (Oxford
Glycosciences), purified using micro-columns, and analyzed by MALDI/TOF-
MS in an Elite Voyager 400 spectrometer (Perseptive Biosystems, Farmingham,
MA).

[0089] ADCC Activity Assay. Peripheral blood mononuclear cells (PBMC) were
separated from heparinated fresh human blood (in all experiments obtained from
the same healthy donor) by centrifugation over a Ficoll-Paque (Pharmacia
Biotech, Diibendorf, Switzerland) gradient. PBMC (effector) were depleted of
monocytes by plastic adherence. CD20-positive SB (target) cells, were labeled
for 90min with 100pCi *'Cr (Amersham, Diibendorf, Switzerland) at 37 °C,

washed twice in RPMI (GibcoBRL, Basel, Switzerland) and resuspended at a

concentration of 10° cells/ml. Fifty microliters of C2B8 mAb diluted in RPMI

medium was added to 100 pl SB cells (10,000 cells/well) in a 96-well rdund :

bottom microtiter plate (Greiner, Langenthal, Switzerland), centrifuged at 50xg



fl uorescence-based kit from Ml ecul ar Probes (Leiden, The Netherlands) wth
Ri t uxi mab used as standard. [00871 Indirect inmunofl uorescence.

CD20- posiwbDwa/ots’s s (SB cells; ATCC deposit no. ATCC CCLPEG)USarzieh739

CD20- negative cells (HSB cells; ATCC ®eposit WO 03/011878 PCT/ US02/ 24739

35 no. ATCC CCL120.1) were each incubated for 1h with 2.5 g/m of CHO tet-
GnTl Il -derived | DEC-C2B8 anti body in Hank's bal anced salt sol ution

(G bcoBRL, Basel, Switzerland) and 2% bovi ne serum al bum n fraction V

(Roche Di i : i r H—ES ), - ive control
HBSSB vvas%%gfe}ﬁﬁll’ %12%1 éﬁ%%&@ﬁsgn% 'iz(g'oggi.ﬂge)ﬂu ¢ C—§ ? rlljoﬁégtg(étgfeg%fnti - human Fc
pol ycl onal(suapdrideddy 2ua¥ detiehlds RPME aRARNAN)Ywaaddbarhs ath GkwelSt . Louis) for
all sanples. Cells were exanm ned using a Leica fluorescence n croscope

(Wet zI ar , Yeidingayinal Egbgaio af 1090 sRletes averd angubateil (formdh a3 ML erd TOF- VB.
Ne |, No)dhk i har derived. f C2 ti bod
Sl o5, PO SperPar R AR S PG SRR na o rt from

R St ahel Insdineatss Sieaﬁﬁgqiw?l and cSWtbd TR, ARGerimEM AR ae) 4 BBbROL |
C2B8- 2000t, and C2B8-nt, (100 (err)g each) as previously described (Umana,

P., et al 0500aty ®uotesdaoberralPackagh, NM@ideno€d)) . Maiimiad I(R) trel ant i body
sanpl es were first eated wi th_ Arthrobacter. ureafaciens, . sialidase (Oxford
d ycosci e ARUYancRYs @@d&ewe’_ﬁe b Kipesingie Od@%]mﬁé’nk‘)@acchari de

resi dues. ,Nepf9alod¥atd (@ig%ianp - gl 1GARGSF W&l?ﬁﬁ%lﬁe&iﬁﬁf‘rg@ﬁécﬁ@ﬁﬁ,& f fromthe

desi al yl at ed anti body sanpl es using pe e-N-gl ycosi dase F ord
d ycosci enecd8),uldabeléd eagaiselty Allcdaa paintsnwere penfdrmehinyaipliclyy. MALDI / TOF- M5

inan Elite Vi er, 400 spectraqnete Per septj ve Bi osyste Far m ngham
MA) . [ 008 e%%ég%ﬁc(%%msyglgglgg;g %%&@foa’fmﬁlfm% SRURM Rl | o ( PBMO)
wer e sep?Rg e@of rom heparinated fresh human blood (in all experinents
obtained from the same healthy donor) by centrifugati on over a

Fi col | - Paque (Pharmacia Biotech, D(err)bendorf, Switzerland) gradient.

PBMC (effectaor) were depl eted of

Results and Discussion
|

[0090] Production of IDEC-C2B8 and verification of specific antigen binding.
CHO-tet-GnTIH cells, with stable, tetracycline-regulated expression of GnTIII
and stable, constitutive expression of IDEC-C2B8, were established and scaled-
up for production of aset of antibody samples. During scale-up, parallel cultures
from the same clone were grown under three different tetracycline
concentrations, 25, 50 and 2000 ng/ml. These levels of tetracycline had
previously been shown to result in different levels of GnTIII and bisected
oligosaccharides (Umana, P., et al., Nat Biotechnol. 17:176-180 (1999); Umana,
P., et al., Biotechnol Bioeng. 65:542-549 (1999)). A C2B8-producing, control
cell line that does not express GnTIII was also established and cultured under the
same conditions as for the three parallel cultures of CHO-tet-GnTHIL After
Protein A-affinity chromatography, mAb purity was estimated to be higher than
95% by SDS-PAGE and Coomassie-blue staining. The samples were named
according to the tetracycline concentration added to the culture medium for their
production: C2B8-25t, C2B8-50t, C2B8-2000t and C2B8-nt (i.e., no tetracycline
forthe non-bisected control). Sample C2B8-25t showed specific antigen binding



nonocytes by plastic adherence. CD20-positive SB (target) cells, were

| abeled for 90mn with 100G 51Cr (Amersham D(err)bendorf, Swtzerl and)
at 37 C, woashes7d8 wi ce in RPM (G bcoBRL, Basel, Switzerl| @aajusazeh739
resuspended at a concentration of 10% cells/m. Fifty mcroliters of C2B8
mMAb diluted in RPM nedi um was added to 100 (err)l SB cells (10,000
cells/well) in a 96-well round bottommcrotiter plate (G einer,
Langenthal, Switzerland), centrifuged at 50xg WD 03/ 011878 PCT/ US02/ 24739

36 for lnpyindR&d ihRfHERGEEMe ds{%g@mfb- sitBHRBAAUSI-hopatio cdlisof ef fector
n

cell (suspended at 2x107 cell s/ [ M medium were added to each

96-wel |  (FlE! &), igdigatingnthiat EheTsyrghasizedVI1aad VI geps fisgmentsmeerbat ed for 4h at
37 C and _5%CCO2,. supernatant was harvested with a Skatron harvesting system
(skat r on UPAPALRENTEt Sterling, VA) and counted (ER experinental rel ease)

| OG0B 2 OS0RSc 0Rk GroEREGH HATINEI AL BlhcolsTiiontx] mum (VR

and ~spont aneous” (SR) rel ea re obtained by a I'nst ead of C2B8
mAb, 100 piofilef ofl8acomitibeidy (sSpiawaStnalyzedi i) MALDDTOF-MSlobfheRPM  medi um
respectively, . to 1 | | abel ed target cells, .data_poqints were

0 Al |
per f or medrel§aseds pewtral Qligosacegide mix. 1y dhis tedpuqugsoliggsacrbatidd ofi th t he

fol | ow ngg: X - !\43-] §F &%M %# . - DL scussi on [ 00901
Product i O%li’fg{e%%_sé@rgﬁfpérggl Ica ilhoe)r%po speci %’%ﬁfgﬁpﬁb‘%ﬁﬁi ndi ng.

CHO- t et - Guhtifatioelly| 2flested bysthalkktivé takabsights (Elakegy At Bd Reppr essi on of
GnTIlIl  and stable, constitutive expression of |DEC C2B8, were established

and scal edomupn Mgss Spesdast i76r 4019419980, Barvan - Hogyak rhpressnj bur i ng
e rtor ont P00 g et R R S e AR B P T e T ove s

of tetracysbd g ek eﬂqs&védouﬁiollecbl_@ﬁrina%EE%\,/\ﬂpréﬁoﬁsewﬁétuﬂaD ditf fgrent levels of
GnTI Il and bisected oligosaccharides (Umna, P., et al.,

Nat Bi ot ec#ligsisactharides-degiyed 1o99)gGlmdkhs, profuceddn the samgjlmsbcamdol  Bi oeng.
S5 542 SR R R B S s 1, ™ 9o o
[0092] A clear correlation was found between GnTIII expression levels (i.e.,
tetracycline concentration) and the amount of bisected oligosaccharides derived
from the different antibody samples. As expected, MabThera™ and C2BS8-nt,
which are derived from hosts that do not express GnTII, did not carry bisected
oligosaccharides (FIGS. 2A and 2B). In contrast, bisected structures amounted
up toapproximately 35% of the oligosaccharides poolin sample C2B8-2000t, i.¢,
at a basal level of GnTII expression. In this case, the main bisected
oligosaccharide peaks were of complex type, unequivocally assigned to peaks at
m/z 1689 and m/z 1851 (FIG. 2C). The next higher GnTHI expression level,
sample C2B8-50t, led to an increase in these peaks (including their associated
potassium aducts at m/z 1705 and 1861) of around 20%. This increase was
accompanied by a concomitant reduction of their non-bisected counterparts at
m/z 1486 gnd 1648, respectively (FIG. 2D). At the highest GnTIII expression
level, sample C2B8-25t, the main substrate for GnTII, m/z 1486, decreased to
almost base-line level, while complex bisected structures (m/z 1689 and 1851)
decreased in favor of increases in peaks at m/z 1664, 1810 and 1826 (FIG. 2E).
These peaks can be assigned either to bisected hybrid compounds, to



sanme conditions as for the three parallel cultures of CHOtet-GiTIII. After
Protein A-affinity chromatography, mAb purity was estinated to be higher
than 95%byw38DB7PAGE and Coomassi e- bl ue staining. The samwgirasonet7é9 naned
according to the tetracycline concent3ati on added to the culture nmedi um for
their production: C2B8-25t, C2B8-50t, C2B8-2000t and C2B8-nt (i.e., no
tetracycline for the non-bisected control). Sanple C2118-25t showed
specific antigen binding WO 03/011878 PCT/ US02/ 24739 37 by indirect

i mrunof | ugslestosiiaed cmnplek SIERaqehsHddsyér tanehiKiRGbf begatlher relefives (FIG 1),

i ndicating that the synthesized VL and VH gene fragnents were functi onal |y
correct. [o0@4e kgwWeyss 4 chayistget withf ﬁhplaﬁguwbhowf%_sev@i Webrich

o che” " 1 ey Bfunhh s il ovBRAgbh R AR ol ﬁf?ﬂ%@?ﬁ%%u?m”m "

ol i gosaccmgésdeﬁtw patflivhy Q&N FIGRSA PSH). AThs ARAAL BF NHTd N the
spectrum and their proportions are quantitatively reflected by the

rel ative phwaﬁélagm strl(cHapS/égompEx and hytapd type)osachnd dpsexiBptelyt r om
7:614-619 é%QtQ ehﬁ ey, D. J., et al., Gycoconj J. 15:333-338(1998)).
ai gosaccﬁ de ‘°Ures were ‘assigned to different peaks based on their

expemo@q ol ecYlnic BRSSO IDEEVEINS gBlbft rididL 2D g%emoézwsacc hari des

)

derived Trom | gd mAbs produced in e Sane host, I nformation on the
N-1inked mAlgglyawmpnwabtso;sgwbhmpmdpﬁatM(; actlﬁﬁza:tﬂeaéuredlaear correl ation
was found between r n | evel s cline

concent raf”rtﬁ’nl}ymérﬂi §]§ 7 sé@taé‘éltwg‘?lgﬁ}égééﬁ’é’h 8y i ved from
the diffep Mﬁﬁm : rr C2138-nt,
whi ch are eri ve rom host eﬁ% gﬁﬁggp‘?’e&%g;%%‘ﬁeﬁ %?@Penot carry

bi sect ed OEIBISQZJE)GCpﬂmduced% tlﬁerz@Sl GﬂE]]ﬁl&dprEﬁ)on Ienelcandt daaSing lowsect ed
unted _up to approxi mately 35% of the ol |8qosacchar| des pool

iSLr g ;H;Ir :fe@?gof biseried oljgosacchardes yap aligl tg’lné‘?,ré petyre tgymG2B8-a4dilEssion. In this
tnequi vocalTy A B el Blher T ARROR T R BT SIIF I B 1T e
next hi ghepprokihiatdly eguiarlesss @ﬂblde&é& kndnon-bisected oligosaccharides, but did

not mediate significantly higher target-cell lysis. However, at the lowest

tetracycline concentration, sample C2B8-25t, which contained up to 80% of

bisected oligosaccharide structures, was significantly more active than the rest

of the samples in the whole antibody concentration range. It reached the

maximal level of ADCC activity of sample C2B8-nt at a 10-fold lower antibody

concentration (FIG. 4A). Sample C2B8-25t also showed a significant increase

in the maximal ADCC activity with respect to the control (50% vs. 30% lysis).

[0094] Samples C2B8-50t and C2B8-25t, bearing the highest proportions of

bisected oligosaccharides, were further conipared in ADCC activity to

Mabthera™, the version of Rituxan™ currently marketed in Europe (FIG. 4B).

Sample C2B8-50t showed a slight increase in activity whereas sample C2B8-25t

clearly outperformed Mabthera™ at all antibody concentrations. Approximately

a five to ten—fold lower concentration of C2B8-25t was required to reach the

maximal ADCC activity of Mabthera™, and the maximal activity of C2B8-25t

was about 25% higher than that of Mabthera™.



sanpl e C2B8-50t, led to an increase in these peaks (including their

associ ated potassiumaducts at mz 1705 and 1861) of around 20% This

i ncrease wavs/oasconpani ed by a concomitant reduction of tRerruSawe7b sect ed
counterparts at mz 1486 and 1648, r¥®spectively (FIG 2D). At the highest
GnTI 11 expression |level, sanple C2B8-25t, the main substrate for GTIII,
m z 1486, decreased to alnost base-line level, while conplex bisected
structures (nmlz 1689 and 1851) decreased in favor of increases in peaks at
m z , 181 1826 ) ; . j d either to
bi se@?gﬁl hybr ?glﬁé(}grlr‘poungé&b%at\%\% %ef’}? %-lﬁ %g{)g@?ﬁﬁ% gﬁ?@%fglg@

gal act osyCaBg&dntiioujy exrebdtesgwihcieharopdeon drmblecdestattyinigebiséctdabt h. Thei r
relative se, however, is consistent with the accunul ati on of

bi sect ed %@&r}ﬂiﬁﬁa@%@mm&@neﬁ had prewpasdy rencsted Abat anthgicess t t he
bi t het 4 . YA . F A d 3B).
D o oot G bt i SIAPGRLe 08, PN e B RblPan 200 59

type) reapbadsauilRivitpiceild belHidal by icseasmpnhe frabAAOS bifdAEa act i vity of
| DEC- C2B8 gl ycosyl ated vari ants. Different B8 mAb gl ycosyl ati onvari ants
wer e conpaligasagcharidgcabayet thei teyels fonsd rie naterallyroceuirring dnjibpdiesof

CD20- posi jhve cel n_.addifig C2B8- nt derived from

t he parené Pa%f e(f ?llhzvalt?ﬁ%fcﬁﬁogﬁw*}gmgggﬁgiﬁﬁa&ﬁ1@8_.“6@Q‘Hﬁ e (C2B8-2000t
produced ebBBheAbaskHCh Shdddyl ha® RRIHEADITadi9ie in ARALSAICE ¥E Bledi@lw | evel s of
bi sected ol igosaccharides was slightly nore active than C2138-nt (FI G

4A) . At t blégaseschatidesh & thiegessiof dCHh TbWeverevany begd inereassanphABCC2B8- 50t
carried approximately equall eyel bi sect ed andnon-bi secte

ol i gos accﬁ‘glrvi“éfeg’,ereoﬂbgﬂi"%ij %t \{%ﬁlcg{ Qﬂiﬁg nPPISERR Vﬂﬁfgﬁ‘é‘?mf rget-cel
lysis. Hoygy&hechatiddshPere inkfily’ ﬁ%ﬁ{ﬂﬁﬁyggg@ﬁ%i,qi' 1., 3appl e C2B8- 25t

.whi ch contained up to 80% of bisected olig ccharide structures, was
si gni f i caRidtgchrok é7436i186 (1999)). Foethegmtent C2BS heAls angil @ krgabdokte whol e
anti body concentration rar}g rreached t level . of ADCC

[t h i mal
activity Bractyiypas ealxebss % atglei@g]?eéTlﬂqui)ﬁégﬂ ' X‘I?"irﬁr’aéﬁyonét&ﬁ@ént ration (FlG
4A) . Sanplg AR felolighsiReHiauethddnitedthditGa0 the lBHA%R (FIG. 2).

For both mAbs, the s‘amples with the highest activities had considerably higher

levels "of bisected than non-bisected oligosaccharides. Together, these
observations indicate that probably both complex and hybrid bisected
oligosaccharides are important for ADCC activity.

[0096] In both complex and hybrid oligosaccharides, a bisecting GlcNAc leads
to a large change in oligosaccharide conformations (Balaji, P. V., et al., Int. J.
Biol. Macromol. 18:101-114 (1996)). The change occurs in a part of the
oligosaccharide that iﬁteracts extensiveiy with the polypeptide in the CH2
domain (Jefferis, R., et al., Immunol Rev. 163:59-76 (1998)). Since the
polypetide is relatively flexible at this location (Jefferis, R., et al., Immunol Rev.
163:59-76 (1998)), it is possible that the bisecting N-acetylglucosamine is
mediating its biological effects through a conformational change in the Fcregion.
The potentially altered conformations would already exist in nature, as all serum
IgGs carry bisected oligosaccharides. The main difference between the
enginéered and natural antibodies would be the proportion of molecules

displaying the more active conformations.



in the maxi mal ADCC activity with respect to the control (50%vs. 30%

| ysis). [0094] Sanples C2B8-50t and C2B8-25t, bearing the highest

proporti owe 03011808 sect ed ol i gosacchari des, were further caoeparsen24789 ADCC
activity to Mabthera(err), the versi4#9n of Rituxan(err) currently marketed
in Europe (FIG 4B). Sanple C2B8-50t showed a slight increase in activity
wher eas sanpl e C2B8-25t clearly outperfornedMabt hera(err) atall antibody
concentrations. Approxinmately a five to ten-fold | ower concentration of

C2B8-, was rgguired to rea ch the. f I\/abtheraTI\/l
and [tﬂﬁ%]nam g’aC‘F.aQP’iO 1bﬁl‘g TIHGEDEE S ggl %%ﬁ%@é h%?b% ffan that of
Mabt her aTirreiy %&&Jclﬁ?c%l Ealtddol 2inethdiag racﬁa-lﬁﬁﬁ%ﬂleiﬁwsmfbaayu ts show that,
in general, the in vitro ADCC activity of the C2B8 antibody correl ates

with the mp@pdﬁnt ﬁmytm/pnmdh@ﬂmrw camuydtoying iasd edawaniothexgps adthar i des in the

Fc region ous y o ted hat t he ase CE7, an
ant i body Wvﬁn &B%“‘bgié%g’l kﬁ%"figﬁ”ﬁ’? %% fcant increases
of activi 13999\;333&@&&2 Qiot d?e@eipxzapmﬁr 953741983 9h aa@fseﬁan@Abl sect ed

oligosacc ari‘des above the Tevels tound In na ra y-occurring antibodies

(Umana, Pet, aleClzaIancNaResBﬁdlzewm& (1]9799),}&11];81)41@99) Landdrdkesane is true

for the C2B8 c)g Lread%ﬁhas hi gh  ADCC activity in. the absence of
dritedhesere

bi sect ed 565?%%%?&(}4 gloglgggan&v%}g@ncrﬁm%iw iV{f%ry | ar ge
|ncreases f expressi on
wher e bi se@tﬂé .0 %18%%%%% Xl Tcgn%ﬁlgﬁpr e %fé%gntqé % f:(?ri%*dedx type (Umana,
P., et al costdNaid coBip(])fbﬂOQi@ﬁbs frdrﬁ piﬂ(ﬁcﬁt&ﬂto(aﬂiﬁﬁlﬁ}&atloﬁdb p'aﬂilmtapwhﬁnt C2B8 mAb,

such a large boost in_activity was only observed at. the highest |evels of
Tl 11 expempsedip yneamugated e %estéehn@&gm Prgesatdcheae .@%&S ¥ad shifted

mainly to b y. FL G S s wth the
hi ghest ac#tl VI t{%ée‘é/ﬁ éof%galnélé aé%% :g he}p%}h?eve%mﬁlﬂ%fa %H@Ilegt ed than
non- bi sechaduidndiisass hadisdedd béa tohBle,to g ancaipseredahibns i ndi cate that
probably both conplex and hybrid bisected oligosaccharides are inportant

for ADCC activity. [00961 In both conplex and hybrid oligosaccharides, a
bi secting A cNAc | eads EXAMPLE 2.

New Versions of the Anti-Renal Cell Carcinoma Antibody chG250 Having
Enhanced Antibody-Dependent Cellular Cytotoxicity Obtained by
Glycosylation Engineering of a chG250 Producing‘Cell Line

1. Cell culture

[0098] SP2/0 mouse myeloma cells producing chG250 chimeric mAb
(wt-chG250-SP2/0 cells) were grown in standard cell culture medium
supplemented with 1:100 (v/v) penicillin/streptomycin/antimycotic solution
(SIGMA, Buchs, Switzerland). Cells were cultured at 37°C in a 5% CO,
bumidified atmosphere in Tissue Culture Flasks. Medium was changed each 3-4
days. Cells were frozen in culture medium containing 10% DMSO.



to a |l arge change in oligosaccharide conformations (Balaji, P. V., et al.,
Int. J. Biol. Macronol. 18:101-114 (1996)). The change occurs in a part of
the ol igwoasonwrs de that interacts extensively with the paryysep2i’de i n the

CH2 domain (Jefferis, R, et al., Imfunol Rev. 163:59-76 (1998)). Since
the polypetide is relatively flexible at this location (Jefferis, R, et
al., I'mmunol Rev. 163:59-76 (1998)), it is possible that the bisecting

N-acetyl glucosanmine is nediating its biological effects through a

conf or mati onal , cha 0. i dhe ' altered

conf ormati ons %\'/oul ggglférr%gfﬁ{}ﬁesﬁg&?%%ﬂgi%r e, Ig@ﬁg%ﬁrggesi%m lgGs carry

bi sected ol i gosaccharides. The main difference between the engineered and,
nat ural anti bodi es woul d be the proportion of nolecules displaying the

nor 084290 ve cowt-eh@EA0-2%0 mpydopsy iy 8og teaEastin crstraorativg Wiho97]  Vari ous

approaches_for d ncreasi.ng the act -y of _upconi. tedﬁ%&}nare currently
ander ol hedr faUEmEEREERetnt e e Yy S A PR B Boay.
dependent 3 BRmWRRAPR FRM164 BEHARY holf¥TBERAE ClebSpoRitibnasiltuiambdibier apy Wi th
cytokines (H el'm Skog, A, et al., Cancer |nmmunol |nmmunother. 48:463-470

(1999) ; Bwakehangel ad cellewezg seedbat SxBDOedlgAnl. S&ren 7HilliBTe{lt 9849 ; W senman, G
A, et a.,.di ncer 5:3281,5-3296s (1999); .Hank, J. A, et al.,
Cancer Re%?nmgg‘?‘g% -fgﬁ’s‘f’é%@%@?)ﬁﬂ@gﬁi gﬁﬁﬁ‘ﬁqsgﬁd g’éth‘gaﬁLd}eWe | ar ge _
| ncr easesmeBiuAfidMchififugddipatd) €4I1E dRre¥lesRpb&RE it 9 vSlugld Sficcantsl y hi gher side
effects, elevated production costs and cgrrpl ex logistics from production

t o adni ni s pEeadiontux panfagritg 1. @6%(v/v3 DMISO end 23 Upg PN ApaubidremAbs. The
technol ogy presented here offers an_ alternatjve y to obtain increases in
pot ency wheREh i lerkp a@%m%m%&a%&fm%ﬂ@&%%w%@homd be

appl i cabl g€ : é&éﬂ? i of the

Anti - Rena?ulECe @%r%?%%gg%)?sg@g ?’ﬁ%@%%"ﬁ? n ;{%g@d@%

Ant i body- PelparfdenBiCRlad uA fier diydtopodtiontegll e quinklbiansfnpeddasyl at i on

Engi neerirr}& of _a ch@&50 Producing Cell Line 1. Cell culture
1.25% (v/v) DMSO culture medium 1 a T25 culture flask and incubated at

37°C. Stable integrants were selected by applying 2 pg/mL puromycin to the
medium two days after electroporation. After 2-3 weeks a stable,
puromycin-resitant mixed population was obtained. Single-cell derived clones
were obtained via FACS and were subsequently expanded and maintained under

puromycin selection.
3. Western Blot

[0100] Puromycin-resistant clones were screened for GnTHI expression by
Western blotting. The Western blots clearly showed that clones SH12, 4E6 and
4E8 were expressing the highest levels of GnTIII. 5G2 also showed -a GnTIII
band of middie intensity, whereas 2F1, 3D3 and 4G3 had the lowest band

intensities, therefore expressing lower amounts of GnTII (FIG. 5).



[ 0098] SP2/0 nouse myel oma cells produci ng ch@50 chineric mAb
(wt-ch@&50-SP2/0 cells) were grown in standard cell culture nmedi um

suppl enenwved3mtsis 1: 100 (v/v) penicillin/streptonycin/antiPEgrasbz/e473ol uti on
(SIGWA, Buchs, Switzerland). Cells wete cultured at 377 Cin a 5% CO2

hum di fi ed atnosphere in Tissue Culture Flasks. Medium was changed each 3-4
days. Cells were frozen in culture nedium containing 10% DVSO. WO 03/011878
PCT/ US02/ 24739 41 2. Generation of SP2/0 cells with pGnTIII-puro
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specific for the human IgG F, region. Pooled samples from the protein A eluate

were buffer exchanged to PBS by cation—e;cchange chromatography on a
Resource S 1ml column (Amersham Pharmacia Biotech). Final purity was judged
to be higher than 95% from SDS-staining and Coomassie blue staining (FIG. 6).
The concentration of each sample was determined with a standard calibration

curve using wild type antibody with known concentration.

5. Oligosaccharide profiling of mAb preparations derived from the
seven clones expressing different GnTHI levels

[0102] Oligosaccharide profiles were obtained by matrix-assisted laser
desorption/ionization time of flight mass spectrometry (MALDL/TOF-MS),
which accurately provides the molecular masses of the different oligosaccharide
structures. This technique allows a quantitative analysis of proportions between
different oligosaccharide structures within a mixture. Neutral oligosaccharides
appeared predominantly as [M + Na'] ions, however sometimes they were
accompanied by smaller [M + K] ions, leading to an increase in mass of m/z of

16. The percentage of the structure appearing as potassium ion adducts depends



intensities, therefore expressing |lower anmounts of GiTlIl (FIG 5). WO
03/011878 PCT/ US02/ 24739 42 4. Production and purification of ch@50
nonocl onawOaniisesly from seven GnTlI I -expressing cl ones iPaalusd/ag3ni | d
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130 m culture nmedium and cultivated in single Triple-flasks. Cells used
for seeding were all in full exponential growh phase therefore cells
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biantennary complex structures (FIG. 7A), both o(1,6)-fucosylated in the core

region (peaks m/z 1648 and 1810 respectively).

[01.04] Expression of GnTIII generated bisected F,-associated oligosaccharide
structures of two types: complex or hybrid. Complex bisected oligosaccharides
were unequivocally assigned to peaks at m/z 1543, 1689, 1705, 1851 and 1867
(M + K*] adduct). As expected, the increase in bisected oligosaccharides was
accompanied by a concomitant reduction of peaks m/z 1486 and 1648, that
correspond to nonbisected complex oligosaccharides. For all samples derived
from the GnTII expressing clones, the main substrate of GnTII (m/z 1486)
decreased dramatically. As expected, the percentage of the nonbisected complex
oligosaccharide type, assigned to peak at m/z 1648, had the lowest values for the
clones expressing the highest GnTII levels (clones 4E6, 4E8, 5G2 and 5H12).
These two peaks decreased in favor of the accumulation of bisected complex and
bisected hybrid type oligosaccharides (FIGS. 7A-7D and 8A-8D). The
percentage of bisected complex oligosaccharides was higher for the samples
derived from the clones expressing lower amounts of GATIIL This is consistent

with the fact that a higher GnTII expression level probably shifts the



16. The percentage of the structure appearing as potassiumion adducts
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spectra were unequi vocally assigned to specific oligosaccharide

structures, because of known nonosacchari de conposition and uni que nass.

Ho , ] | tiple structuyl 1 d. b i , ticul
mmse. < BB eI R s SRS ke Re QRN R Bt Rourch
bet ween L3QBRIAs of CQMbIBE G eaim;tsleﬁ biXe@sy BB ne. Pat bideste®Rgbrir evi ous

structural data enable, in nost cases, the assignnent of an

ol i gosaccétardiutes, svo possiblesttustuespeakl soinatimhebsgpsignedina sigiopgak.

A i gosacchari des derived f.romthe S | e produced in - ch@&250- SP2/ 0
cel I i ne:rg?rﬁ €, §OFBE AFFYIPE QDY RS “éq?lf)q Qf,gé%ﬁmg%é‘&?%@m%ﬁ% bi ant ennary
compl ex ( 4 - b a noalkgeciged. bi antennary
conpl ex slgf%lg%eusglg&s:t 2 %I égp%togﬂgggo%g‘%@??gﬁ%%l ?ﬁ‘g{gsyl ated in the core

regi on (pe8ksand 1826 cdBbandigh8d @ ¢ithepkistctaddiypyid tfik] igaléotgrydaed on of GnTI I |

gener ated bi sected Fc-associ ated ol i gosacchar.i de gieryctﬁ‘r;s of two types:

conpl ex ofomplsK; eligosgsshtrades Pk 8 dpigg of dc AU 1Y #fequi vocal Iy
[ d 3 : + K+
ZZZLgtn )e. 'agﬁpe tpg%?ag% éll}?a;&car re%%gj%llynl%bi et g‘%’%ﬁ? {bg%%ggiﬁﬁéé‘lb%es wa]s

acconpani askubi¢d thaCdixgeak tappéaringdusighifivam bmpaat @n tht antibbde sanpled 648, t hat
correspond to nonbi sect ed cong)lnex ol i gosacchari des. For all sanples derived
£ I

from the datyad frespthesdiffagnt clones coprwpopdsdcrtirplyt foabigecssd bybrid | (1 z 1486)

decreased _dr anat } I e d e t . bi sect ed
conpl ex Sﬁ%ggﬁ@ﬁgryjééﬁ?}lﬁfg&%?g’i I&ﬁég‘%{go 563%@ a%?gc&ﬁ ézs%ﬁg,gaﬁad t he | owest
val ues f oledd8n/zC1310es EXPEE REthRe chdigctfiafies hased bé petfermdds [icl ones 4E6,
4E8, 5@ and 51112). These tvvolpeak_s decreased in favor of the

accumnul at isemmafy, by eearexessionpf @l IHnhisectsidoligesaachayides seructpprs Wsi¢ gosacchari des

(FIGS. 7A-gZ:1?er§tg anscﬁl-leslpl)elati-{rg Sroportions correlated with GnTII expression levels.

6. Measurement of antibody mediated cytotoxic activity by
Calcein-AM retention

[0105] The Calcein-AM retention method of measuring cytotoxicity measures
the dye fluorescence remaining in the cells after incubation with the antibody.
Four million G250 antigen-positive cells (target) were labelled with 10 uM
Calcein-AM (Molecular Probes, Eugene, OR) in 1.8 mL RPMI-1640 cell culture
medium (GIBCO BRL, Basel, Switzerland) supplemented with 10% fetal calf
serum for 30 min at 37°C in a 5% CO, humidified atmosphere. The cells were
washed twice in culture medium and resuspended in 12 mL AIMV serum free
medium (GIBCO BRL, Basel, Switzerland). Labelled cells were then transferred
to U-bottom 96-wells (30,000 cells/well) and incubated in triplicate with
different concentrations of antibody for 1 hour at 4°C. Peripheral blood
mononuclear cells (PBMC) were separated from heparinated fresh human blood

(inall experimeﬁts obtained from the same healthy donor) by centrifugation over
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where F_ ., represents the fluorescence of target cells treated with medium alone
and considers unspecific lysis by PMBCs, F,, represents the fluorescence of cells
treated with antibody and F,,, represents the fluorescence of cells treated with
saponin instead of antibody.

[0106] To determine the effect of modified glycosylation variants of chG250 on
the in vitro ADCC activity, G250 antiggn—positive target cells were cultured with
PBMCs with and without chG250 antibody samples at different concentrations.
The cytotoxicity of unmodified chG250 antibody derived from the wild type cell
line was compared with two antibody preparations derived from two cell lines
(3D3, SH12) expressing intermediate and high GnTIII levels, respectively (see
FIG.5). -

[0107] Unmodified chG250 antibody did not mediate significant ADCC activity
over the entire concentration range used in the assay (the activity was not

significantly different from background). Augmented ADCC activity (close to



different concentrations of antibody for 1 hour at 4C. Peripheral bl ood
nononucl ear cells (PBMC) were separated from heparinated fresh human bl ood
(in all ewpesiomsnt s obtai ned fromthe sanme heal t hy donor) Plof/usezi24784 ugat i on
over WD 03/011878 PCT/ US02/ 24739 45 4 Fi col | - Paque (Pharmaci a Bi ot ech,
D(err)bendorf, Switzerland) gradient. PBMCs were added in triplicate wells
ina 50 (err)L volune, yielding an effector to target ratio (E T ratio) of
25:1 and a final volume of 200 ,uL. The 96-well plate was then incubated
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of ch@&@50 on the in vitro ADCC activity, &50 antigen-positive target
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[0108] Autoimmune thrombocytopenia in chironic graft-versus-host disease
. represents an instance of B-cell dysregulation leading to clinical disease. Totreat
immune-mediated thrombocytopenia in a subject with chronic graft-versus-host
disease, an anti-CD20 chimeric monoclonal antibody prepared by the methods

of the preseht invention and having increased ADCC is administered to the
subjectas described in Ratanatharathorn, V. et al., Ann. Intern. Med. 133 (4):275-

79 (2000) (the entire contents of which is hereby incorporated by reference).
Specifically, aweekly infusion of the antibody, 375 mg/m? is administered to the
subject for 4 weeks. The antibody therapy produces a marked depletion of B

cells in the peripheral blood arid decreased levels of platelet-associated antibody.

EXAMPLE 4
Treatment of Severe, Immune-Mediated, Pure Red Cell Aplasia
and Hemolytic Anemia
[0109] Immune-mediated, acquired pure red cell aplasia (PRCA) is a rare
disorder frequently associated with other autoimmune phenomena. To treat

immune-mediated, acquired pure red cell aplasia in a subject, an anti-CD20



FIG 5). [01071 Unnodifiedch@&50 anti body did not nedi ate significant ADCC
activity over the entire concentration range used in the assay (the
activity wavsnos7s significantly different from backgroundpCTASgnet3®d ADCC
activity (close to WO 03/011878 PCT/ U802/ 24739 46 20% see FIG 9) at 2
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expressed internediate GhTIH | evels. The cytotoxic activity of this

anti body sanples did not grow at higher antibody concentrations. As
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above teachmgs and, therefore, are within the scope of the appended claims.

[0111] The entire disclosure of all publications (including patents, patent
applications, journal articles, laboratory manuals, books, or other documents)

cited herein are hereby incorporated by reference.



and Henol ytic Anem a [0109] | nmune-nedi ated, acquired pure red cell aplasia
(PRCA) is arare disorder frequently associated wth ot her autoi mmune
phenonenawoOTa/oiseat | nmune- nedi at ed, acquired pure red ceClr/isptasBa in -a
subj ect, an anti-CD20 WD 03/011878 PAB US02/ 24739 47 chineric nonocl onal
anti body prepared by the nethods of the present invention and having
increased ADCC is adm nistered to the subject as described in Zecca, M et
al ., Blood 12:3995-97 (1997) (the entire contents of which are hereby

i ncor por atggdaAlVisref gngppay- Specifically, a subject with PRCA and
aut oi mmune henolytic anema is given two doses of antibody, 375 ng/nma, per

week. After antibody therapy, substitutive treatnment with intravenous
i mmunogl obulin_is initiated. This treatnment produces a_nmarked depl etion of
B cells and a di gni fkogheell epgiggered torapducs ppelypeptidshavingincsspechi ed by
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be practiced otherw se tHhan as escCri f or egoi ng

descri pti eficodith PPN esety INITBsMisyltraRdthic HI (GHB IH)) dvNa@éinahicons of the
present invention are possible in |light of the above teachings and,
t her ef or epokypeptidermipdncedby said pestsrll inselestaddinte thedraimennsistng of The entire
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48 WHAT IS CLAI MED 1. A host cell engineered to produce a pol ypeptide
havi ng i nésid&sddlll Bexpreiedtie dn emioimt swfficigut ¢ ticiaise thelpyoportioreeSi on of  at

T o i poReaf e reuiing PR S et B Saen e el | e o
sel ect ed Eélﬁﬁlekh@li@ééﬁéﬁalfdéﬁl%r%bﬁﬁe@fther@oﬂ"ﬁojﬁl% Frf”n%gﬁ eBSfelgf?xLeefdjl e, an

anti body fragnent, and a fusion protein whic I nc a region equival ent
to the Fcpolypegnlestaraying hisentedtabplbx olig@macthatides én the Fc region.

2. The host cell of claim 1, wherein said polypeptide is IgG or a
fragment thereof.

3. The host cell of claim 1, wherein said polypeptide is IgG1 or a
fragment thereof.

4. The host cell of claim 1, wherein said polypeptide is a fusion

protein that includes a region equivalent to the Fc region of a human IgG.

5. The host cell of claim 1, wherein a nucleic acid molecule
comprising at least one gene encoding GnTII has been introduced into said host

cell.

6. The host cell of claim 1, wherein said host cell has been

engineered such that an endogenous GnT III gene is activated.



said GT Il is expressed in an anount sufficient to increase the
proportion of said polypeptides carrying bisected hybrid oligosacchari des
or gal actweyBat®ds conpl ex ol i gosaccharides or m xtures tRrerasb2/2413¢ he Fc
region relative to polypeptides carr4fi ng bi sected conpl ex oligosacchari des
in the Fc region. 2. The host cell. of claim1, wherein said polypeptide is
lgG or a fragnent thereof. 3. The host cell of claiml, wherein said

pol ypeptide is Ig@ or a fragment thereof. 4. The host cell of claim1,
wherein said ppl ypephé Hst call aféluﬁh@nwhefeﬁi@Jl@eh&t?genbﬁ%ﬁ'ﬂﬂﬁh@ regi on
equivalent to the Fc region of a human 1gG 5. The host cell of claimi1,
wher ei n abagoekgvatedioy thsertibe ofih PNA demenisvhigh atcrdas@genoaeprgsima encodi ng

GhTl Il has been introduced into said host cell. 6. The host cell of claim
1, wher ei MSEEPOHSHORIOMEas been engi neered such that an endogenous GnT
1l gene is activated. WO 03/011878 PCT/ US02/ 24739 49 7. The host cell of
claim6, wherein said endogenous GhTlIl has been activated by insertion of
a DNA el ement 8hi chTheloseesibsf ojines, ehpreds sdidhost cell lstbben sebstedchr onosone. 8.
The host cell of claim®6, wherein said host cell has been selected to
carry a mc&ﬂwﬂnﬂﬁat@gmgﬁ@%m%@mﬁa@ﬁﬂ%ﬁﬁ@@%@@?@us GnTIII. 9. The host
cell of claim@8, wherein said host cell is the CHO cell nutant |lec 10. 10.
The host cell of claim1, wherein said host cell is a CHOcell, a BHK

cel I, aNSO cel b, a PR2hésteell bf claifisWhérefiBsatEhdst celFd XESCHIDLSH myel oma

cell, a PER cell, a PER C6 cell or a hybridoma cell. 11. The host cell of
claim 10, nW?@Hf-icrlosal d polypeptide is an anti- CD20 antibody. 12. The host
cell of claim1l, wherein said anti-CD20 antibody is

10. The host cell of claim 1, wherein said host cell is a CHO cell, a
BHK cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a P3X63 mouse myeloma
cell, a PER cell, a PER.C6 cell or a hybridoma cell.

11.  The host cell of claim 10, wherein said polypeptide is an anti-
CD20 antibody. |

12. The host cell of claim 11, wherein said anti-CD20 antibody is
IDEC-C2B3.

13. The host cell of claim 10, wherein said host cell is a SP2/0 cell.

14.  The host cell of claim 13, wherein said antibody is the chimeric

anti-human renal cell carcinoma monoclonal antibody chG250.

15 . The host cell of claim 5, wherein said at least one gene encoding

GnTIII has been introduced into said host cell chromosome.



| DEC- C2B8. 13. The host cell of claim 10, wherein said host cell is a SP2/0
cell. 14. The host cell of claim 13, wherein said antibody is the chineric
ant i - hunmeworogfads7€el | carci noma nonocl onal anti body ch@5@CTAB02/347189 host
cell of claim5, wherein said at | easi0t one gene encoding GnTlIl has been

i ntroduced into said host cell chronpbsone. WO 03/011878 PCT/ US02/ 24739 50
16. The host cell of claim®6, wherein said endogenous GnhTlIlIl has been
activated by insertion of a pronoter elenent, a transposon, or a retroviral

el ement i nt o t hy OSThERs| ANEUREPERhelkdin shPeliBBind€ dnydfr b al m 1,

further conprising at |least one transfected nu Ic acl d encodi ng an

ant i body rhskeectivateddy asdriiroafya froagieesiementra teankprsommor prrefredinal t hat i ncl udes
a region equivalent.  to the Fc region of an inmunoglobulin. 18. The host
cell of cIegfil?ﬁr’i,lnt\%léer]éc?sﬁcéla‘ihﬂor&?soﬁé’ast one nucleic acid encoding a Tl
is operably linked to a constitutive pronoter elenent. 19. The host cell of
claim 17, wherein said host cell conprises at |east one transfected

nucl ei ¢ aci d endodi ritheabosindell- GD2MimANY | Bather dohgrishicNBl ldasBhE- hunman

neur obl ast oma_ nonocl onal _ anti body chCE7, the chineric anti-human renal

I y ) !
cel | car citfgngcted myelesmsid wseding ay antibedp molequle, em pptihody fragmientauman  col on,

| ung, and hre C . . | opal antibody. | NG t he hpmani zed
anti - humar?kaﬁﬁi%%na to?églgﬁﬂsﬁonﬁ?g@c%gﬁa eglé’ﬁt?%b‘@%%é%%@% g ﬂﬂﬁ‘hni zed anti -
human col ameaindkldbfir anti body A33, the anti-hunman nel anoma anti body

di rected agai nst GD3 ganglioside R24, the chineric anti-human squanous-cell
carci noma nonocl onal anti body SF-25, an anti-human EGFR anti body, an anti -

ant Doy, an arf Ul D R By R & oM B body.  an
ant i - humaren€dBag aTiTINdy G&cgiblﬁﬁﬁl:te'drw FRBndHd R cREMBRAN em@h. ant | - human  CD40
anti body, an anti-human 5 anti body, an anti-human CD52 anti body,
19.  Thehostcell of claim 17, wherein said host cell comprises at least
one transfected nucleic acid encoding an anti-CD20 antibody, the chimeric anti-
human neuroblastoma monoclonal antibody chCE7, the chimeric anti-human
renal cell carcinoma monoclonal antibody chG250, the chimeric anti-human
colon, lung, and breast carcinoma monoclonal antibody ING-1, the humanized
anti-human 17-1A antigen monoclonal antibody 3622 W94, the humanized anti-
human colorectal tumor antibody A33, the anti-human melanoma antibody
directed against GD3 ganglioside R24, the chimeric anti-human squamous-cell
carcinoma monoclonal antibody SF-25, an anti-human EGFR antibody, an anti-
human EGFRvII antibody, an anti-human PSMA antibody, an anti-human
PSCA antibody, an anti-human CD22 antibody, an anti-human CD30 antibody,
an anti-human CD33 antibody, an anti-human CD38 antibody, an anti-human
CD40 antibody, an anti-human CD45 antibody, an anti-human CD52 antibody,
an mti—hmm CD138 antibody, an anti-human HL.A-DR variant antibody, an
anti-human EpCAM antibody, an anti-human CEA antibody, an anti-human
MUCT antibody, an anti-human MUCI core protein antibody, an anti-human
aberrantly glycosylated MUC]1 antibody, an antibody against human fibronectin

variants containing the ED-B domain, or an anti-human HER2/neu antibody.



an anti-human CD138 anti body, an anti-human HLA-DR variant anti body, an
anti - human EpCAM anti body, an anti-human CEA anti body, an anti-human MJCL
ant i body,wer3antsis human MJUCL core protein anti body, an antPCThisomm739
aberrantly glycosylated MJUC 1 anti bodil, an anti body agai nst human
fibronectin variants containing the ED-B donmain, or an anti-human HER2/ neu
anti body. WD 03/011878 PCT/ US02/ 24739 51 20. A nethod for producing a

pol ypeptide in a host cell conprising culturing the host cell of any one
of clains 1-192endera aRebdtrbansd I f said

pol ypepti de having incr easedl%lgrc neafgpgzb%ﬂetfdeﬁﬁg?oaggl?gt OE]?%? y. 21. The
met hod of Céltla‘lmﬁtb@hOﬁmGH Ioéanycmmmf ckimg 118 @ndéricogdisiansdwhiphpymeipt i de havi ng

i ncreased jFc- rre ted fcel F Y&g{)hom city. 2 The_met hod of cl ai m 20,
wher ei n sé}i‘d %Iq PIyRERt ‘I‘Vé%%tmcr%@ Hsanediated Gellulghc odi ng a
fusion pr Q&ﬂd‘jﬂ&%nprl sing a region equivalent to a Fe region of an

i nmunogl obul i n 3. The nmethod of claim 20, wherein greater than 50% of the
ol i gosaccharides in the Fc region of said pol ypeptides are bisected. 24.

The met hod of él aim 20, wherein greater than 70%of the oligosaccharides
in the Fc regi @l of ’H‘C%B‘liﬁfe‘ﬂt‘%e?@ diethes; eeeprising Folatingesaidt hod of cl ai m

20, wher eiyg; }%Qﬂ{ ol l.gosacchari des or
gal act osy:p ty@(%&‘%:onp egmﬁgggéggc ar i d‘g%eug%gn?’g§ " thereof in the Fc
region is greater than the proportion of bisect ed conpl ex oligosacchari des

in the Fe regign of said pol ypeptides. 26. The nethod of claim 20, wherein
sai d pol ypepti dé is thﬁ@le&hﬂdidd@m@O:al’ithfmévdhm@elmmpmslaﬂmt| DEC- C2B8

anti bodi e "|ave a 0S rofl l e, as
anal yzed %ngmﬁ%l{éwhgﬁﬂ{}%npm ellfb%(i ?Efé qygq Ot% t hat shown
in FIG 2EFc2€g10ﬂ'bﬁar[Tﬁ’ﬁ1h@ﬁb ulihai m 20, Wner ein said polypeptide is the

ch@50 nonocl onal antibody and the ch@50 anti bodi es produced by said host
cell have

23.  The method of claim 20, wherein greater than 50% of the

oligosaccharides in the Fc region of said polypeptides are bisected.

24.  The method of claim 20, wherein greater than 70% of the

oligosaccharides in the Fc region of said polypeptides are bisected.

25.  The method of claim 20, wherein the proportion of bisected
hybrid oligosaccharides or galactosylated complex oligosaccharides or mixtures
thereof in the Fc region is greater than the proportion of bisected complex

oligosaccharides in the Fc region of said polypeptides.

26.  The method of claim 20, wherein said polypeptide is the anti-
CD20 antibody IDEC-C2B8 and the IDEC-C2B8 antibodies produced by said

host cell hgve a glycosylaton profile, as analyzed by MALDI/TOF-MS, that is
substantially equivalent to that shown in FIG 2E.

27.  The method of claim 20, wherein said polypeptide is the chG250
monoclonal antibody and the chG250 antibodies produced by said host cell have



WO 03/011878 PCT/ US02/ 24739 52 a glycosylaton profile, as anal yzed by
MALDI / TOF- M5, that is substantially equivalent to that shown in FIG 7D.
28. An amnwDodyishsavi ng i ncreased anti body dependent cel | ulpamr/usey248oXi city
(ADCC) produced by the nethod of clai¥ 21. 29. The anti body of claim 28,
wherein said antibody is selected from the group consisting of |DEC C2B8S,
chCE7, ch-&50, a humani zed anti-HER2 nonocl onal antibody, ING 1, 3622W4,
SF-25, A33, and R24. 30. An antibody fragnment that includes a region

equi val enj Iﬁoéﬁaoﬁfpmﬁle,gas%a@fze@a INMREDRAICGHINS, Bhat Ravibs@ntingy eased
Fc- nmedi at e§ cel'lular cytotoxi ity ~produced by the nethod of claim21. 31.

A fusi on equvadént to that shaval mdd6& 7D.r egi on equi valent to the Fc region of an
i mmunogl obul i n and havi ng i ncreased Fc-nedi ated cellular cytotoxicity
produced by the nethod of claim21l. 32. A pharnaceutical conposition

corrprl sing theyanti R‘ﬁd}int%od lﬂéﬂ%éﬁ?@gdaaﬁ%%fﬁ f"lcleﬂu cept abl e

carrier. 33. A pharnaceutic on conpr e antl ody fragnent
of cl ai m SRoteritity (ARCCHTediided by khe methedbhtlhen 2hr 1 i er. 34. A pharnaceuti cal
conposition conprising the fusion protein of claim31l and a
pharmaceutically acceptable carrier. 35. A nethod for the treatnent of

cancer conprisifg a?ﬁ%@&ﬁ}oﬂgfo?&mn?zé Q@n'e ’s%fi!l&rﬂlﬂog;é%f %ﬁ?tfeh‘ﬁ%n?m)”m of the

phar maceut i cal “conposi one c al ms 0 a patient in need

t her eof . twg@@fp&bh&‘s’ﬁng@meﬁzw@@‘ﬂﬁ& 80250 Ahunivaized eai-FRRd for di sease
treatment based on B-cell depletion COS%)I’I sing adm nistering a

t her apeut meapslgnalfantibedy, ENGnkb dA22WP4, SHir2P.bbthy a8dR34human subject in need

thereof, the inprovenent conprising admnistering a therapeutically
effective anmount of an anti body produced by the

30.  An antibody fragment that includes a region equivalent to the Fc
region of an immunoglobulin, having increased Fc-mediated cellular cytotoxicity
produced by the method of claim 21.

31.  Afusionprotein that includes aregion equivalent to the Fc region
of an immunoglobulin and having increased Fc-mediated cellular cytotoxicity

produced by the method of claim 21.

32. A pharmaceutical composition comprising the antibody of claim

28 and a pharmaceutically acceptable carrier.

33.  Apharmaceutical composition comprising the antibody fragment

of claim 30 and a pharmaceutically acceptable carrier.

34. A pharmaceutical composition comprising the fusion protein of

claim 31 and a pharmaceutically acceptable carrier.

35. A method for the treatment of cancer comprising administering
a therapeutically effective amount of the pharmaceutical composition of any one

of claims 32-34 to a patient in need thereof.



met hod of claim28. 37. The inproved nethod of claim 36, wherein said
anti body is an anti-CD20 nonocl onal antibody. 38. The inproved nethod of
cl ai m 37, wahwroeigrssai d anti-CD20 anti body is | DEC- C2B8. PCT/US02/24739

53

36.  An improved method for disease treatment based on B-cell
depletion comprising administering a therapeutically effective amount of
antibody to a human subject in need thereof, the improvement comprising

~ administering a therapeutically effective amount of an antibody produced by the

method of claim 28.

37.  The improved method of claim 36, wherein said antibody is an

anti-CD20 monoclonal antibody.

38.  The improved method of claim 37, wherein said anti-CD20
antibody is IDEC-C2BS.



