FUSI ON CONSTRUCTS AND USE OF SAME TO PRODUCE ANTI BODI ES W TH | NCREASED Fc
RECEPTOR BI NDI NG AFFI NI TY AND EFFECTOR FUNCTI ON BACKGROUND OF THE | NVENTI ON
Field of the Invention [00011 The present invention relates to the field of
gl ycosyl ati on engineering of proteins. More particularly, the present
invention relates to nucleic acid nolecules, including fusion constructs,
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Background Art

[0002] Glycoproteins mediate many essential finctions 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 et al., Eur. J.
Biochem. 218:1-27 (1993)). Many glycdproteiné 'h'zive;‘ 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 (EPQ), therapeutic

\ monoclonal antibodies (therapeutic mAbs), tissue plasminogen activator (tPA}),
interferon-f, (IFN-B), granulocyte-macrophage colony stimulating factor {GM-
CSF), and human chorionic gonadotrophin (hCG). (Cumming et al,
Glyeobiology 1:115-130 (1991)).

[0003] The oligosaccharide component can significantly affect properties
relevant to the efficacy of a therapeutic glycoprotein, including physical stability,
resistance to protease attack, interactions with the imumune system,
pharmacokinetics, and specific biold gical activity. Such properties may depend
not only on the presence or absence, but also on the specific structures, of

oligosaccharides. Some generalizations between oligosaccharide structure and



gl ycoprotein function can be made. For exanple, certain oligosaccharide
structures nediate rapid clearance of the glycoprotein fromthe bl oodstream
through interactions with specific carbohydrate binding proteins, while

ot hers can be bound by antibodies and trigger undesired inmune reactions.
(Jenkins et al., Nature Biotechnol. 14:975-81 (1996)). [00041 Manmal i an
cells are the preferred hosts for production of therapeutic glycoproteins,
due to their capability to glycosylate proteins in the nost conpatible form
for human application. (Cumming et al -2~ dycobiology 1:115-30 (1991);
Jenkins at al., Nature Biotechnol. 14:975-81 (1996)). Bacteria very rarely
gl ycosyl ate proteins, and |li ke other types of common hosts, such as yeasts,
filament ous f uglgroprotens datctiom damp bamiade e|Hos exampeé, doegthin cdipptanthande pat t er ns
associated wth rapid.clearance fro he. bl ood. st ream. undesirabl e i mmune
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and SP2/0-nouse nyel oma cells. Mire récen roduction from transgenic

ani mal s has alsEppidnions fréumanapplinefions (Gurumaing o adfliobloBigp {4 th#d] . 14: 975-81
(1996)) . [0008)och semtithd RO, 350 BiRdchn 1 1 AXPR%IT @by St BAGLHN RSy at conser ved

positions in ‘the“heavy chain constant regions, wth each Isotype possessing
2-di stinct ar rargly@iycosyiate prrteins.caad Blernflenr trpes of comyoembasts, supldsapestsar i abl y af f ect
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Mrrison, S. L., Tr 1997 The structure of the
attached N-|i rkitdawd clbaryadimmehebipidsteans umicsible thinyme infegaetivds, and on t he degree

bi ant ennar y. dnarids SRAE el dEnbk Ol BRI ARGy, TR BREIR =g
Trends Bi ot ecl{hirkSe R@as82 oydr9 97 Q) cellylpive bbdnynost ¢omananly wsed deregdleneous
processing of \Lhg, GREQS Th IORREG0 BVing Subie UL BRof N HBE0 8se cetls
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 from
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 isofype 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 varies
considerably, depending on the degree of processing, and can include high-
mannose, multiply-branched as well as biantennary complex oligosaccharides.
(Wright, A., and Morrnison, S. L., Trends Biotech. 15:26-32 (1997)). Typically,
there is heterogeneous processing of the core oligosaccharide structures attached

at a particular glycosylation site such that even monoclonal antibodies exist as



at a particular glycosylation site such that even nonocl onal anti bodies
exist as -3- multiple glycoforns. Likewi se, it has been shown that major
differences in antibody glycosylation occur between cell |ines, and even

m nor differences are seen for a given cell line grown under different
culture conditions. (Lifely, M R et at., G ycobiology 5(8):813-22
(1995)). [0006] Unconjugated nonocl onal anti bodi es (mAbs) can be usef ul

nmedi cines for the treatnent of cancer, as denonstrated by the U S. Food and
Drug Admnistration's approval of Rituximab (RituxanTM | DEC

Phar maceuticals, San D ego, CA and Genentech Inc., San Francisco, CA), for

the treatnment of. 0 ositive B-cell, |lo r or._follicular
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Sem n. Oncol. 26:66-73 (1999); ol denber g, M, Cin. Ther. 21:309-18
(1999)). | n spidnigfatiohieappedvaknf Bitexitngb GituxdndSdDBC Rhamacduticads, San currently a
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and potential ly avaiding signjficant, undesirable si effects, isto
hapce the n ?5?53&,3 ce%@?‘?geg% &Tcédgéfl}ee'ﬁetag?e“f Bﬁéﬁ”ﬁﬁge‘ﬁ?a%erby

engi neeri ng t (@tillo-Ddgeg OS.5C,Ghall, Sehein COMPD PE6S-75 L9B9)t GoldEhbe) MabL,, Nat ure

Bi otechnol . 17;176-180Q §1999)i?.r lg@ type anti bodiTgs t he nost comonly used
anti bodi es | nGHan&er- FHAlhR KEPEDy Cempgumshy MdpeiarelinCelittrhWidre a conser ved

N- 1inked gl yagsu ik iRofideht el ARORMe ke BRUKEHA, Samlfnthe tWo conpl ex

bi - antennary Ol i gosacchari des attached fo Asn297 are buried between the CH2

domai ns, f or MGYMEATERS Milegwn Pharmacenticals/Scheringdl G)fenthd igatnisaicifBone, and t heir
cell chronic lymphocytic leukemia. The success of these products relies not only
on their efficacy but also on their outstanding safety profiles (Grillo-Lopez, A.-J., -
et al., Semin. Oncol. 26:66-73 (1999); Goldenberg, M. M., Clin. Ther. 21:309-18
(1999)). In spite of the achievements of these drugs, there is currently a large
interest In obtaining higher specific antibody actiﬁty 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,
E is to enhance the natural, cell-mediated effector functions of mAbs by
engineering their oligosaccharide component (Umafia, P. ef 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-
antenmary oligosaccharides attached to Asn297 are buried between the CH2
domains, forming extensive contacts with the polypeptide backbone, and their
presence is essential for the antibody to mediate effector functions such as

antibody dependent cellular cytotoxicity (ADCC) (Lifely, M. R., et al,



presence is essential for the antibody to nediate effector functions such as
anti body dependent cellular cytotoxicity (ADCC) (Lifely, M R, et alL, -4-

A ycobi ol ogy 5:813-822 (1995); Jefferis, R, et al., Imunol Rev. 163:59-76
(1998); Wight, A and Mdrrison, S. L., Trends Biotechnol. 15:26-32 (1997)).
[ 0008] The present inventors showed previously that overexpression in

Chi nese hanster ovary (CHO cells of
(3(1,4)-Nacetylglucosanrinyltransfergse Il (GTIII), a

gl ycosyl transferase catal yzing the formati on of bisected oligosaccharides,
significantly increases the in vitro ADCC activity of an anti- neurobl astoma
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nat ur al | y- occ fr¥Phie %‘H‘E@B@@P@?a ‘[@@D@']O 9754382 fhesufire congmtsefeagh®fer of studies
suggest t hat Eﬁxdh%@ﬁ&x@lﬁ y HSREASEN by rEBERA: S GeR) Dyt ant i al |y to

(he action of t ot oxi ¢ ‘anti bodi es against tunors and indicate that an
optimal anti bSEéE%B%‘P%FOQWrWWO%FWIMbW@f@%HN@IW% o activation
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Ravet ch, J. vprodycedes(ﬁandamustmglgelim)es 18@5135 the So T enapmeGhogna, Bror - exanpl e,
A ot
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showed t hat antibody-producing cells to express GnTHI, which also led to an increase in the
proportion of constant region (Fc)-associated, bisected oligosaccharides,
including bisected non-fucosylated oligosaccharides, above the levels found in
naturally-occurring antibodies.

[0009] _ The results of a number of studies suggest that Fe-receptor-dependent
mechanisms contribute substantially to the action of cytotoxic antibodies against
tumors and indicate that an optimal antibody against tumors would bind

\ ) preferentially to activation Fc receptors and minimally to the inhibitory partner
FeyRIIB. (Clynes, R. A., et al., Nature Medicine 6(4):443-446 (2000); Kalergis,
AM., and Ravetch, J. V., J. Exp. Med. 195(12):1653-1659 (June 2002). For
example, the results of at least one study suggest that the FcyRIIla receptor in
particular is strongly associated with the efficacy of antibody therapy. (Cartron,
G., et al., Blood 99(3):754-757 (February 2002)). That study showed that
patients homozygous for FcyRIIla have a better response to Rituximab than
heterozygous patients. The authors concluded that the superior response was due

to better in vivo binding of the antibody to FeyRIlla, which resulted in better



patients honpbzygous for FcyRIIla have a better response to Rituxinmab than
het erozygous patients. The authors concluded that the superior response was
due to better in vivo binding of the antibody to FcyRIIla, which resulted
in better -5- ADCC activity against |ynphoma cells. (Cartron, G, etal.,

Bl ood 99(3): 754757 (February 2002)). [00101 In addition to ADCC, successful
anti-cancer nonocl onal antibodies often induce Fc-independent direct
signaling mechani sns that regulate tasget cell survival, proliferation, or
death by activating cell signaling cascades or blocking access to growh
factors. (Selenko, N., et al., J. Cdin. Inmmunol. 22(3):124-130 (2002)). For
exanpl e, treatAamnt addfvitiAZA0r '&tlﬁn%grda%em {turid, GX rER BB IBeM-7hown to i nduce
conpl ement - medi at ed | ysi s and b-i nduced induction of apoptosis as well as
ADCC. (Sel enk&Febary 20281 | 3. din. Immunol. 22(3):124-130 (2002)).
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[0011] Recognizing the tremendons therapeutic potential of antibodies with
increased Fc receptor binding affinity and increased effector function, the present
inventors developed a method for producing such antibodies which involves
engineering the glycosylation profile of the antibody Fc region.

[0012] The present invention is broadly directed to methods for glycoengineering
host cells to alter the glycosylation profile of one or more polypeptides produced

{ by that host cell. The methods of the invention can be used to produced
theraepeutic antibodies with modified glycosylation in the Fc region, including
reduced fucosylation, wherein the antibodies have increased effector function
and/or increased Fe receptor binding as a result of the modified giycosylation.
The glycoengineered antibodies of the present invention are particularly useful in
therapeutic treatments of tumors in patients. In one embodiments, the host cells
of the invention are glycoengineered to express a nucleic acid molecule encoding
a fusion polypeptide with GnTII catalytic activity or GalT catalytic activity. Ina
preferred embodiment, the fusion constructs are coexpressed with a nucleic acid

molecule encoding a polypeptide having human Manll catalytic activity and/ora



a fusion polypeptide with GhTH catalytic activity or GlT catal ytic
activity. In a preferred enbodinent, the fusion constructs are coexpressed
with a nucleic acid nolecule encoding a pol ypeptide havi ng human ManE
catalytic activity and/or a -6- nucleic acid nolecule encoding a pol ypeptide
with GhTIl catalytic activity. In yet another enbodi nent, the

gl ycoengi neered pol ypepti des of the present invention are produced by a
host cell glycoengi neered to have inc#eased expression of a nucleic acid
nol ecul e encodi ng a pol ypeptide with Man Il catalytic activity. [0013]
Accordingly, in one aspect the invention is directed to an isolated nucleic
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the catalytic domain of (3(1,4)-Nacetylglucosam nyltransferase M In a
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éonain o% al ?%hg%?% uéﬁg f@?ﬁ%@?@#&%e. ﬂﬁg;g%%gwgfggggg%%gﬁinent t he
i sol at ed nucl eplypeptidehas@Gubrs-ecatdaipedsaninylitesferapg dI €8I0 TdE)2eiience depi ct ed
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nucl ei ¢ aci d sequence encodes apol ypep no aci d sequence
depi )gt ed i n Fb® efidodimerf| e 2 8isioh polyptptide ovthpisep fief @tabytid doemiyoefi nent, t he
igol at ed nucl gjC I : I Lde. MQQB am no acid
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mannosidase I, and the localization domain of a1-6 core fucosyltransferase. Ina

(D]

preferred embodiment the isolated nucleic acid sequence comprises the

nucleotide sequence depicted in FIG. 24 or FIG. 25. In another preferred

embodiment, the isolated nucleic acid sequence encodes a polypeptide having the

amino acid sequence depicted in FIG. 24 or FIG 25. In yet another preferred

embodiment, the isolated nucleic acid sequence encodes a polypeptide having an

amino acid sequence at least 80% identical to the amino acid sequence in FIG. 24
( or FIG. 25.

[0014] In another aspect, the invention is directed to an isolated nucleic acid
comprising a sequence encoding a fusion polypeptide, wherein said fusion
polypeptide has B(1,4)-galactosyltransferase (“GalT”) activity and comprises the
Golgi localization domain of a Golgi resident polypeptide. In one embodiment,
the fusion polypeptide comprises the catalytic domain of B(1,4)-
galactosyltransferase. In another embodiment, the fusion polypeptide comprises
the catalytic domain of p(1,4) galactosyltransferase. In a further embodiment, the
Golgi localization domain is selected from the group consisting of the

localization domain of mannosidase II, the localization domain of B(1,2)-N-



the fusion pol ypeptide conprises the catalytic domain of (3(1,4)-

gal actosyl transferase. |In another enbodi nent, the fusion pol ypeptide
conprises the catalytic donmain of 0(1,4) gal actosyltransferase. In a
further enbodinment, the Golgi localization domain is selected fromthe
group consisting of the |l|ocalization domain of mannosi dase 11, the

| ocal i zation domain of (3(1,2)-N -7- acetyl gl ucosam nyltransferase |
("GnTI"), the localization domain of713(1, 2)-N

acetyl glucosam nyltransferase Il ("GTII"), the localization domain of
mannosi dase |, and the |ocalization domain of al -6 core fucosyltransferase.
[0015] In anatehéglndspeayiiraisheaspl ¢Sall™), tieadlizationidsmainbe BUGIN-0 an expression

vector conpri si an .isol ated nycl, i §i ng, a seqyence encoding a
Fusi on polyPeptarypareetras | Gatgf. pie, Tekdes (e Pla) N ’

acetyi gl ucosamylhageqrﬁlﬁ@{easwﬁdnbn a6thdiN bf ¥1- @B&e%&@ﬂ&@@f&a&éﬁe Gol gi
| ocal i zat i on domain of a Golgi resident pol yugé ti I n one enbodi nent, the

expr essil¢fs] vect@a@ﬁ%a@@téhﬁfgﬁeéﬂn‘ﬁﬁmfp‘éﬁ? QBERTPSIORYEdie catal ytic
domai n of (3éo1fm1ﬂ1)sm§"an5iﬁ%éd 1%0&&%@@0%5%15@'R%Etﬁfeﬁc%eenbécﬂmgaa{‘ﬂnsfoﬁe Col gi

| ocal i zation domain is selected fromthe group consisting of the

| ocal i zat i onP@weElde. of Wheteigosisgids e fpsion t hee meb%dm i 289 i oB{1ddMai n of
(3(1,2)-Nacgi M#@ﬁéé%ﬁﬁhﬁiéf&d’sé‘ﬁ?%éﬁ%ﬁ?&d coﬂppiﬁeslt?%gé F:I Za11%ond°”a' n of

(3(1,2)-Nacetylglucosam nyl'transterase Ion domai n of
mannosi dase domamef 3 Kelgi swsdentzpolipeptiddodaione olbedimentcibe extiresgiony| t r ansf er ase.

0016] In an t r 0 an expression
[ | QdebE Enc33R S Ghsion ;{@89{}?@% ﬁﬁpﬁs@é?@%@%& dorfdind o‘i‘g(tl Z-Nt P

vector conprising an iso r1rsin quence encoding a
fusi on pol ympig'hdmanmh:eltwismsaﬂﬂaﬁdu@d Golgbbbqlqzapnllddmallnasselected

G L) - 0l ackgavhd LARSLELARS: oPGLINCBN oS RIRDERddIE 0k | 0Cal | zat ] on

mai n of a n one é i nen he expression
vect or encodbsalaatiamsﬁommn opﬁ(]l;lbéipacbmghmosapmﬁ&angfmkaé thelbarligdtios donmai n of

0(1,4)-gal ac I fer o) | i .1on dommin is selected
fromthe gr o%%l%ogn{l S ﬁé‘goﬁglﬁﬁoemﬁnh%ﬁ‘ g&l ﬂb% ﬁlz%lzl%%rllono‘?omﬁg’r? osidase I, the
| ocal i zat i onmewwsiixse bfand elo@)izaNen mbgdhﬂ&oﬁafucnmmgfmﬁeer ase |, the

02 2] S0 bk b e R BT L ol ™S

core fucosyl éongmising rafi $lated nucleic acid comprising a sequence encoding a fusion

polypeptide, wherein said fusion polypeptide has p(1,4)-galactosyltransferase
activity and comprises the Golgi localization domain of a Golgi resident
polypeptide. In one embodiment, the expression vector encodes a fusion
polypeptide comprising the catalytic domain of B(1,4)-galactosyltransferase and
the Golgi localization domain is selected from the group consisting of the
localization domain of mannosidase II, the localization domain of B(1,2)-N-
acetylghicosaminyliransferase [, the localization domain of B(1,2)-N-
acetylglucosaminyltransferase II, the localization domain of mannosidase I, and
the localization domain of a1-6 core fucosyltransferase.

[0617) In another aspect, the present invention is directed to a host cell
comprising an above-described expression vector.

[0018] In another aspect, the present invention is directed to a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
having B(1,4)-N-acetylglucosaminyltransferase III (“GnTII”) activity in an
amount sufficient to modify the oligosaccharides in the Fc region of a

polypeptide produced by the host cell, wherein said polypeptide produced by said



[00171 In anot her aspect, the present invention is directed to a host cel
conpri sing an above-descri bed expression vector. [00181 In another aspect,

the present invention is directed to a host cell engineered to express at
| east one nucleic acid encoding a fusion polypeptide having
(3(1,4)-Nacetylglucosam nyltransferase Il ("G1T I") activity in an anount

sufficient to nodify the oligosaccharides in the Fc region of a polypeptide
produced by the host cell, wherein s@&id polypeptide produced by said -8-
host cell is selected fromthe group consisting of a whole antibody

nol ecul e, an antibody fragnment containing the Fc region, and a fusion

protei n t hatpokingl wdeRctad ﬁsﬁ%ecg?o@%e@hg Bfa #/R01t RRibbey HEBLA) @f an
i mrunogl obulin. I'n one enbodinent, the fusion polypeptide having GTII|

activity corishbeydragmentsantainygilic Fgovaoms auta fasion protein that mcludes a

0(1,4)-Nac %ﬂ@nt n@qehﬁ cal i zation domain

01S a )hetergr%%glgh mo%%i%%@%%% g’i)ﬂé‘%{’? ?rgc romfhe group

consi sting dhemeion poypdplidehiving CadHhiotivay commmsesheledadyticldomainef | ocal i zat i on

domai n of Dok #)-horPE bk AR SRR LM 85 Bkt Bihaln@e! | 231 on domain
ocalrzatio

of mannosi d n dona
(3(1, 2) - N—adsteydlgwsﬁsmem@mpdywp‘edeaslecwdfronmhdgltohpconslmgbfthati on domai n of

al-6 core f fer net her ect pr esent

i nvention I?Sﬁg@é%ﬁ%@@é 0S %’ h eng |asr?e bgcfl% 0 e&prrde’s" at | east one
nucl ei ¢ aci ceapigbhdosaginyittasienn: Ipmbquemudedomwfngannosidase L, the

(3(1,4)-qgal ltr nsf.er ! activi N an_ano sufficient to
nodi fy the 3?‘?"‘86%{’8& g%ﬁhﬁ)t'ﬁ%c%g ]'ngcbsfugwy%n?amggrﬁ%q %@#%ee produced by
thee) host celbdahzaﬂoﬂﬁanmnsﬁumpmb;ﬁmegﬂﬂraihefem@duc'ed by said host cell is

el ecte omth up_consjisting of a whal ody | ecul e, an

nti bod isﬁagmen?n @g?fgeé HPHG h"FH’ée § RIS %ﬁrﬁ&g‘i ?‘hsal %?%Pﬁg)gt ei n that

i ncludes a reﬁgnmemmahmﬁeaﬁumbln&clae acid @gtodingof fusion potypepddd obul in. 1 n one
enbodi nent, .t he i de,, Gl T activi .C rises the

catal ytic d&lﬁﬁi“'ﬁ%@fi)ﬁ?]fg ﬂ‘%ﬂ&ﬁ eo(sg? r)aa%EY‘E’rlﬁ?émﬁﬂ‘ﬂﬂ S‘{iﬁ‘a gi localization
domai n of an?;gﬁ I’ﬂ@,:{ @Qe?aac@tlglmgﬁqac(i@@n mmma%ﬁdé%?d? eédegﬂﬁal f rolm the group
consi sting ocal i zatj on domai n si dase the localization
donai n of D((%:P ENﬁhS’GB‘tSﬁ'] IXE?}S“&F\?"H cFﬁ? CQUPafsceﬁ‘wselfqtréﬁowdhea| i zati on donai n
of mannosi dggduplconsidifgot Rd aﬁﬁﬁdd@ﬁhoﬁ'&ﬁﬁ' A affibddP Edgrddmt butaining

the Fc region, and a fusion protein that includes a region equivalent to the Fc

(DH»—’

region of an immunoglobulin, In one embodiment, the fusion polypeptide having

GalT activity comprises the catalytic domain of f(1,4)-galactosyliransferase and

the Golgi localization domain of a heterologous Golgi resident polypeptide

selected from the group consisting of the localization domain of mannosidase I,

the localization domain of P(1,2)-N-acetylglucosaminyltransferase I, the

{ localization domain of mannosidase I., the localization domain of p(1,2)-N-

acetylglucosaminyltransferase II, and the Jocalization domain of al-6 core
fucosyltransferase.

[0020] Preferably, the Golgi localization domain is from manmosidase II or

B(1,2)-N-acetylglucosaminyliransferase I or, alternatively, galactosyltransferase.

[0021] In another aspect, the present invention is directed to a fusion polypeptide

having B(1,4)-N-acetylglucosaminyltransferase III activity and comprising the

Golgi localization domain of a heterologous Golgi resident polypeptide. In one

embodiment, the fusion polypeptides of the invention compriée the catalytic

domain of B(1,4)-N-acetylglucosaminyliransferase Ill. In another embodiment,



acetyl glucosam nyltransferase |1, and the | ocalization domain of al-6 core
fucosyltransferase. [0020] Preferably, the Golgi localization domain is from
mannosi dase |1 or D(1,2)-Nacetyl gl ucosam nyltransferase | or

alternatively, galactosyltransferase. [00211 In another aspect, the present
invention is directed to a fusion pol ypeptide having

D(1,4)-Nacetyl glucosamnyltransferase |I1 activity and conprising the

Gol gi | ocalization domain of a hetenl-fgous Col gi resident polypeptide. In
one enbodi nent, the fusion pol ypeptides of the invention conprise the

catalytic domain of (3(1,4)-Nacetylglucosanmnyltransferase [1l. In another
enbodi nent, -&e &g ﬁ@ﬂﬁanohqzbﬁianziatseRae@lm ﬂle|§011§>9doﬁ§i§t&@ dff gf@ the. group
consisting of; the_  Iocalization domain of nmannosi dase t he localization

donai n of (3(11?0‘32)23‘&911 doreain, plymarngsidase il the ingalizations eompain Pﬁg( od¥El i zati on
domai n of nmangesk %i@c%@aﬂnnyl&ﬂ%ferﬂs@f qhd %@iliz%n%%inrbf Aanmosidase I, the

(3(1,2)-Nacetyl'glucosam nyltransferase |1, and the localization domain of
al -6 core fucb@%ﬂzﬁfﬁ%éﬂlé@as@c B Godbaccticlemeniayiransisrse Iht td Preesent
invention is i o Rinterb S BR M Iﬁﬁl&gérgs% havi ng

[3(1, 4)-gal act osy tranos 1élrase a(fcti v‘f(HtS%/( and conprising the Golgi |ocalization

domai n of0@2het er dhewuies apetthe presshidayentipnis disestediterefusiorpodypeptisiebodi nent , t he
fusi on pol ype i i mai n of
(3(1,4)- gal a%vg%ﬁ{’&fa%%ﬁgﬁ?@g% neodgﬁ‘g er""z’ﬁb&% 8%&_,}%& ‘}gh%gﬂ%ﬁgi
| ocal i zati on dmwei of abetersiegcelsﬂbtgl fesisienttdolypgrtisiap canesinbodimgnipthe t he
| ocal i zati on n n of
[3(1 2) - I\l-aceﬁ(‘{ﬁgH %’g%pgm nyI ergg%p‘}]!g%?{&%doca# za?ﬂ%mdomai n of
ngs i dase | galatctmylhanﬂdraspafu amthdcma:odmwht Ee 1algi 1ddalization domain is
cet

| 91 YOS A L ATRL B0 A3Badding P Re) ASPALAM iglaglaiBln of ol -6, core

fucosyl transferase carZatiron domain is from
mannosi dase |the ollccah(za:(oh ymaih aafe P, 2;+Mamydg|tu¢v}¢rnmﬂtrsﬂs&rme1,l the" GnTl ") or,

alternatively, | txansf er. [ D02 her aspect,
t he present i vaé%fl °5’n °|n§ “dlﬁrgé?negld%%e{ Qhr‘ﬁe ﬁ%[l Qlt’fogrcP 6?']]%%@91 gﬁta f usi on
pol ypept i de haeiyiguobSfiinylranersse Ty lagl o bwmalizatidrt dansh efades ikl activity
conpri si ng cu}utosyitragsfa host cell of the invention in a medi um under

[0023] Preferably, the Golgi localization domain is from mammosidase II or
B(1,2)-N-acetylglucosaminyltransferase 1 (*GnTI”) or, alternatively,
galactosyltransferase (“GalT™).

[0024] In another aspect, the present invention is directed to a method for
producing a fusion polypeptide having B(1,4)-N-acetylglucosaminyltransferase
I activity comprising culturing a host cell of the invention in 2 medium under
conditions allowing the expresston of the nucleic acid encoding the fusion

( polypeptide and recovering the fusion polypeptide from the resultant cutture. In
one embodiment, the fusion polypeptide comprises the catalytic domain of
B(1,4)-N-acetylglucosaminyltransferase II1. Preferably, the fusion polypeptide
comprises the Golgi localization domain of a heterologous Golgi resident
polypeptide selscted from the group consisting of the localization domain of
mannosidase I,  the localization domain of  B(1,2)-N-
acetylglucosaminyltransferase I, the localization domain of mannosidase I, the
localization domain of P(1,2)-N-acetylglucosaminyitransferase II, and the

localization domain of 01-6 core fucosyltransferase.



conditions allow ng the expression of the nucleic acid encoding the fusion
pol ypepti de and recovering the fusion pol ypeptide fromthe resultant
culture. In one enbodi nent, the fusion polypeptide conprises the catalytic
domain of (3(1,4)-Nacetylglucosam nyltransferase Il11. Preferably, the
fusion pol ypeptide conprises the Golgi |ocalization domain of a

het er ol ogous CGol gi resident polypeptide selected fromthe group consisting

of the localization domain of mannosjgdase 11, the localization domain of
(3(1,2)-N acetyl glucosam nyltransferase |, the | ocalization domain of
mannosi dase |, the |ocalization domain of

(3(1,2)- tyl gl ] r : n I I on donmai n of
al -6 cor ghogglgosyl tlgga%g@g?r éa%éé.;l’ @g%ﬁ-ﬁ%g@ﬁﬁ?ﬂnﬁaﬁ%&%# gg%%%?%?%rhe pr esent
i nvention is podwirngeal fusiorn polppeptide having) B0 erlacfosyltfansferse paiwiyept i de havi ng

0L 1) 92t BB SRE BRI Y SHOREL TSB! ol

the inventioni condi e expression of the

nucl ei ¢ aci d dhedd thgexdphmsibuditienmpiziospaiEn cdingihdfusioegdyepiideantihe f usi on

pol ypeptide fromthe resuyltant cultuyre. In one  enbodi nent, the fusion
ol Yhent i do CERDFBEAE hdtdl apGimphitidin dufomugeh e ' ond
gal act osyl t r asiebcdiriee,. thdusibe peilppeptidd dvenpirises the catdytictplaindst prDAPr i ses t he

Gol gi localization domain of a heterol.ogous (ol gi resident. pqgl ypeptide
ool et ed 1 or A B RSP B RS OR SO BTN SR Bt BOGaIE of
?2?20?) d&se |1|oca|1iz|ﬂ§bn dbmldflaaéta@mfgmrwdlgilréﬁdeﬁt pollypept}d_e selected frona _ f

, - ace ucosam.nyl tran er.ase the Locall zatl onmaln O
mannosi dase It&‘gt 2 SWFSFﬁétOIfJﬁB a%ft‘?'ih"arti‘m&fdw 5% -ni\"l‘-mos“?ase T the
acet yl gl ucos ala&maﬁdhaeﬁlfamwﬁ(e,zmracat@pgmcb@uﬁ%gabéﬁageix,m 18@npdtBnof al -6 core

ucdsyl transferase. [0026] Preferahly, the Golgj |ocaljzation domain is from
Kannosi dase 190§ Pl °-S‘|‘3?5§cettya’§l UeLZSHORY [ orais f o &2 Ny

gal act osyl t r apsfyfiRs@ndinfFdntielase 1l QA fle loBalBafidh 4d1din AEREY corbhe i nvention
is directed to a method for nodifying the glycosylation profile of a

pol ypept i de pReRsyE@eE¥sea host cell conprising introducing into the host

cel | at igagl one m&alaﬁi[ygme@o@giqacaﬁmeﬁ%ﬁﬁ% ¥ SohPmaffosidhe micpvention.
Preferably, the f)ol ype]o Ide is 1gG or a fragnent thereof containing the Fc

regi on of t hePpaHpeptylainsosaminyiransferapecl, prgalagtopylisansterasel(“"Geb3d nent, t he
[6027] In a further aspect, the invention is directed to a method for modifying the

glycosylation profile of a polypeptide produced by a host cell comprising

introducing into the host cell at least one nucleic acid or expression. vector of the

invention. Preferably, the polypeptide is IgG or a fragment thereof containing the

Fc region of the polypeptide. In a particularly preferred embodiment, the

polypeptide is IgGl or a fragment thereof containing the Fc region of the

polypeptide. Alternatively, the polypeptide is a fusion protein that includes a
(_ region equivalent to the Fc region of a human IgG.

[0028] In another aspect, the invention is directed to a method for producing a
polypeptide in a host cell, comprising: (a) culturing .a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having (1 ,4)-N-
acetylglucosaminyltransferase III  activity or, altematively, B(1,4)-
galactosyltransferase (“GalT™) activity, under conditions which permit the
production of a polypeptide selected from the group consisting of a whole
antibody molecule, an antibody fragment containing the Fc region, and a fusion
protein that includes a region equivalent to the Fc region of an immunoglobulin,

wherein said fusion polypeptide is expressed in an amount sufficient to modify



pol ypeptide is 1g@ or a fragnent thereof containing the Fc region of the
pol ypeptide. Alternatively, the polypeptide is a fusion protein that
includes a region equivalent to the Fc region of a human IgG [0028] In
anot her aspect, the invention is directed to a nethod for producing a

pol ypeptide in a host cell, conprising: (a) culturing a host cell engineered
to express at |east one nucleic acid encoding a fusion polypeptide having
0(1,4)-N acetylglucosam nyltransfergge |11l activity or, alternatively,

(3(1,4)- galactosyltransferase ("GalT") activity, under conditions which
pernmt the production of a polypeptide selected fromthe group consisting

of a whol e % go@chHBld%ghitﬁe %Bf{ﬁ%hﬁ&eé jpgﬁﬁﬂgfbtdu&ﬁ %&1@ nbst the Fe

region, and a eln I nc I'on equi va ent to the Fc
regi on of an ¢eﬂmanrb@)amlhtmg sald/\j)ﬁ}f;@pmﬂesaf’ndfefabm dire iuabymebpeﬂmlel s expressed

in an anount ff4 Cl = 1)< Qsac n the Fe region
of said pol ypép P“a%"‘ﬁe‘%aaﬁ?% gg S%ﬁ)(é;‘?{ gty%iqchs bf s%[: Ot i ng said
pol ypepti de. ;P(rlﬂj—gﬂahd)syhrahﬁaaiws(i‘@aﬂ’poIa;a@eﬁirthde compiiges | thes Golgg catal ytic

P( 1. 4) - gal et B ERaALa HECRRENS O AR ROPRI APPSR ool g

| ocal i zati on msr@bﬁp @muh@toertﬁé qgwu&tﬁﬁlwma&e%fdmhomtygspméde sel ected

from the gr n5| stin | i zat,i omai_n nn05| dase 11, the
| ocal i zat | on @ ndlf’mﬁ‘(l%f%l 2 fﬂ? gﬁ’% e, P Za0 |t he
| ocal i zati on dohesirai Bf Ofna%@ﬂ&%' dlasaael loﬁdh@aﬁoﬁcaiohﬁﬁlt I &M JE{(D,T}!P-ND of o(l,2)-N
acetyl gl ucosam nyl t r ansf ras T 8é$%§)ﬁlocall atlon onain of al-6 core
IECOSKI t{ansrfe?{;gar ucoF . ;ié-g Igﬁlr?ﬁ > Eéza ‘I;g@d& &bt E@egrgduced b%/

e  host celfuc Brahﬁ@rﬁ@aiﬂ efire@ EthBddir eHiE; tHe POl odhited ed FC receptor
t(i ndl ng as a reSﬁIt of the&dl fication. | ngpartl cét}lfrarl y %?%ferred

embodi ment s, hoskeell hayincreased ofisptoppgionangeningrrsedForseenterhindiness @ nedi at ed

cel lular cyt ol sTkie¥nodiftah AR FRtAIRY préfrdienbBbiints | themeesed binding to
macr ophages, increased binding to nonocytes, i ncr eased binding to

pol yror phonucafissior figption is mﬁéﬁﬁé‘bﬁ,‘e’ée‘é}ﬂ%@‘ﬂﬁmﬂ% morraerdibiRgng apopt osi s,

i ncreased dengig defis %?Jréaséﬁ%wﬁ@tbHﬁcmﬂﬁ‘éésoﬁcﬂe%&ﬁﬁfﬁﬁgtﬂn&ﬁbﬁe@r' m ng, and
the increased Fe receptor binding is Increased bindin t)(zllﬁ?ln Fc activating
@8“36 BIRE i

recept or suchngrgaspbipging js polymerpberisiegr cellgincrsesrd dspisi ing increased
apoptosis, increased dendritic cell maturation, and/or increased T cell priming,

and the increased Fc receptor binding is increased binding to an Fc activating
receptor such as FcyRITIA. Preferably, the polypeptide exhibiting increased
effector function and/or increased Fc receptor binding is an antibedy, antibody-
fragment, or fusion protein comprising a region equivalent to the Fc region of an
immunoglobulin and has an increased proportion of nonfircosylated
oligosaccharides in the Fc region.

( , [0029] In another aspect, the invention is directed to pharmaceutical
compositions comprising the antibody, antibody fragment containing the Fc
region, or fusion polypeptide containing the Fc region of an immunoglobulin of
the invention, and to the use of such a pharmaceutical composition in the
treatment of tumors, such as cancers, or other disorders. In one embodiment, the
treatment is B cell depletion by adiministering a therapeutically effective amount
of such a pharmaceutical composition to a patient, e.g., human, inneed thereof.

In yet a further aspect, the invention provides a host cell comprising an
expression vector comprising a nucleic acid molecule encoding a fusion

polypeptide, wherein said fusion polypeptide has  B(1.4)-N-



effector function and/or increased Fc receptor binding is an anti body,

anti body- fragnent, or fusion protein conprising a region equivalent to the
Fe region of an i mmunogl obulin and has an i ncreased proportion of
nonfucosyl ated oligosaccharides in the Fc region. [0029] In another aspect,
the invention is directed to pharmaceutical conpositions conprising the
anti body, antibody fragnent containing the Fe region, or fusion polypeptide
contai ning the Fc region of an inmmnog obulin of the invention, and to the
use of such a pharnmaceutical conposition in the treatnent of tunors, such
as cancers, or other disorders. In one enbodinent the treatnent is B cel
depl etion by adnl sterl a.therap eff ve a t . of such a
phar maceut i cafl %ogw% a?séﬂgeggtﬁhtﬁﬁ %pme?'lﬂ%etg%glt hereof. In
yet a further lesatin ddrhktin bfWE’mhlre@dqﬁf wypkgﬁdealaﬁtb&} emésbmﬁ@eawﬂ s; ng an
expressi on vector_co |ng ei ¢ acl.d nol ecu encodi ng, a fusion

pol ypept i de, er?i ﬁm%% ﬁﬁﬁﬁFFﬂéaﬁag?%Fg’4Vmﬂﬁnf?

acetyl gl ucosaﬁblpyépha@;as&ﬁmmdeln(Mﬁrﬁﬁaéﬁvht); B didd¥mBhimeRIRle sea the

Golgi localization domain of a Coli resident poly H_gtl de; and an expression
vector conpr fusioRgpolvpaRide srmpriss dhepatalin doresie 86 R el de, wherein

sai d pol ypepidesieah@s ddiih 2Se#88€ fom {h%gmub)coaﬁéthglome 15&1195&5er red
enbodi ments, the fusion Eol ypepti de conmprises the cat al%)ﬁ; ¢ domai n of

GnTI 11 and t héomspgf M atZPW@mmwfﬁ@stb@@e@@emnr s gr oup
consi sting of Ghitf, e GRhiiAR &mmﬂm&m &htﬁ@leédhza&oh%ingﬁ%maaél on domain of
GnTl, the localization domain of the localization dofrain of Mani,

and the | ocal Foredficepylamasiarase. ohl%ssmbodl@mtethw;@b@il eIETASRED | n one

errbodl ment goh vE@dr! enf e EFo1RPRI 6D AATh LAURFL SEMcRCT Or encodi ng
ag]pol ypept i degﬁaw ng VGn'll'rlel11 actl vﬁy The nucg:% C * acfyg ec}:facécul es encodi ng

e fusion poﬁﬁ}tiﬁemlP@@S e@%@g&eﬁwnmmitﬁ@mhd@@mﬂiﬂpﬂ and t he
pol ypepti de hawihg {33 Hd &%egﬂdéﬂavﬁ%rbﬁﬁ%}fﬁc&%ﬁy %nse%iﬁﬁ ﬁ-ﬁt@r essi on

vectors or the sane expreSS| n vect an additiona ect t he
invention is M@@lpedectqysathﬁ)@me@ﬁpﬂessmmtmsl ng an expr e55| on vector

DT A, oy 2 B S SRR B3 Rl 0o herel
an expression vector comprising a nucleic acid molecule encoding 2 fusion
polypeptide, wherein said fusion polypeptide has p(1,4)-galactosyltransferase
(GalT) activity and comprises the Golgi localization domain of a Golgi resident
polypeptide; and an expression vector comprising a nucleic acid molecule
encoding a polypeptide, wherein said polypeptide has mannosidase I (Man )
activity. In preferred embodiments, the fusion polypeptide comprises the
catalytic domain of GnTII and the Golgi localization domain is selected from the

_ group consisting of the localization domain of Maall, the localization domain of
( . GnTTI, the localization domain of GnTII, the localization domain of Manl, and the
localization domain of a-1,6-core-fucosyltransferase. In one embodiment, the

host cell forther comprises an expression vector encoding a polypeptide having

GnTIY activity. The mucleic acids molecules encoding the fusion polypeptide, the

polypeptide having Manll activity, and the polypeptide having GnTII activity

can each be in separate expression vectors or the same expression vector.

[0030] In a further aspect, the invention is directed to a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GnT III

activity and at least one mucleic acid encoding a polypeptide having Man II



(Gll) activity and conprises the Golgi |ocalization domain of a CGolgi

resi dent pol ypeptide; and an expression vector conprising a nucleic acid
nol ecul e encoding a pol ypepti de, wherein said pol ypepti de has mannosi dase
Il (Man 11) activity. In preferred enbodi nents, the fusion pol ypeptide

conprises the catalytic domain of GhTIIl and the Golgi |ocalization donmain
is selected fromthe group consisting of the |ocalization domain of Manl |,
the | ocalization domain of G1Tl, the. ocalization domain of G1TIIl, the

| ocal i zati on domai n of Manl, and the "1°ocalizati on domai n of
a-1, 6-core-fucosyltransferase. In one enbodi nent, the host cell further

conpri ses an expressi on vectgr, encodj, a pol ypepti de ving GaTll

activity. Thea‘itFSEY’é’iaE%ﬁéﬁﬂfﬁ%@@%%%%%&sﬂ%?%{eﬁﬂ‘ifpepti de, the
pol ypepti de haydipgpNBdrbded bdaidhostael wiePMMPEREtHe phaédadyCTI | activity
can each be in separate expression vectors or the same expressSion vector.

[0030] In a fi#dhpstoeldysslepted frora the graup eonsistingolgiwhelepatipodpmalepdet cel |

engi neered t Oy, £%B5 gient 8RS AL AL iRk Srefidfk OfivA%n sion

pol ypepti de hgbiruyéiﬁ?Jll actfyi?§ and atcleag?gbﬁgﬂﬂuclgfgﬁacid encodi ng
a pol ypept i def¢rggiongf amimmynoglellingct j vity in an amount sufficient to nodify
the olig hari des,d : i . I ed by said
host cel Iﬁ,ﬁﬂ\?\ﬁer ei gﬁs‘éﬂl gd%gfn?g(eéf)n;blg%gﬁ% 0 euélgvggtgdfy&gog}td eﬁog‘%&gdeéfil is selected
fromthe groumgbeasdde exmgeseht lsastvbasl erckeivt dcixbehgoding & Cusio, polypeptalet | body

region of an TR B Rl bRl MR IRIEME Y (T T
i nventi on pr oMl sctevith est at tcedt bne maplgicneid cacding a polppeptide hating @B one nucl ei ¢
acid encoding_a_fusion _pol ti.de i ng. ChTM activity, at |east one

i B ¢ aci d SRt CaP R OREH e R e R it e dine ar | east one
ucl ei ¢ aci d epudgeptide roduotd jyespidihde cblfy whegin3aill polypeaidt proidtigedibg an anount
sufficient to di fy.th | igosaccharides.in the Fc reqion of a polypeptide
oroduced by SSRGSl 38l R PE B R TR T p Ao At SPY Btledie by ' sal d host
cell is sel ecinaitibodyrfraghentoand u fisiva pRitdi thagneiidesa rafion @ubalehfiothgnol ecul e, an
ant i body fragﬁ:ent., an a fusilotgtpprot ein that includes a region equivalent to
the Fc regi orf ‘§F°4T MGG OB . [0032] In a further aspect, the invention

provi desjo@3fjost Cehla RABEREEHhd Brvention provides a host cell engineered to

express at least one nucleic acid encoding a fusion polypeptide having GalT

activity and at least one nucleic acid encoding 2 polypeptide having Man II
activity in an amount sufficient to modify the oligosaccharides in the Fc region of
a polypeptide produced by said host cell, wherein said polypeptide produced by
said host cell is selected from the group consisting of a whole antibody molecule,
an antibody fragment, and a fusion protein that includes a region equivalent to the
Fc region of an immunoglobin.

(. [0033] In an additional aspect, the invention provides a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GalT
activity, at least one nucleic acid encoding a polypeptide having Man II activity
and at least one nucleic acid encoding a polypeptide having GnT Il activity, in an
amount sufficient to modify the oligosaccharides in the Fc region of a
polypeptide produced by said host cell, wherein said polypeptide produced by
said host cell is selected from the group consisting of a whole antibody molecule,
an antibody fragment, and a fusion protein that inciudes a region equivalent to the

Fc region of an immunoglobin.



express at |east one nucleic acid encoding a fusion pol ypeptide having G1T
activity and at | east one nucleic acid encoding a pol ypeptide having Man |
activity in an anount sufficient to nodify the oligosaccharides in the Fc
region of a polypeptide produced by said host cell, wherein said

pol ypepti de produced by said host cell is selected fromthe group
consisting of a whole antibodynol ecule, an antibody fragnment, and a fusion
protein that includes a region equivalent to the Fc region of an

i mmunogl obin. [0033] In an additional aspect, the invention provides a host
cell engineered to express at |east one nucleic acid encoding a fusion

pol ypepti avi n I activit) t | east, one nucl.eic acid encoding a
polypeptﬂ§§4ﬂavingnggﬁgpfmgg?ﬂ%7¥§ml3%5%g?d?§5§93%ﬁ@%ﬁﬂg? *%84ci d encodi ng
apol ypepti de payeptidean 2 hodt call; tomvrising chlfuriap a hestbalNdngihedréd wieggibsst 0 nodi fy the
ol i gosaccharides in the Fc regiqn of a | ypepti de pr ced. by said host
cel |, wherei natg%ﬁmdmﬁé‘}‘ Blga{ﬂfi&gcoal,ﬂg&ﬁ&%%F@&Peg%ﬂ%éaﬁﬁ%&nﬁgﬁ@ﬁ}@ysa ected from
the group congidsd:ildag @k admR! idantddapdypd)eBedd 18wing Merdll bithagy fragnent,
and a fusion protein that includes a region equivalent to the Fe region of
an i munog| obtaer copditionsyptdoh pemit gre produciiop otansbipeptideriglected e ton i s direct ed
to a method fghuPEaiseh Qf@wﬁ&l&!ﬂ%ﬁtf%lécﬂle?mhﬁﬁibocﬁ?ﬁélgmeﬁefiﬁ&'as' ng cul turing
a host cell engineered to géggess at |least one nucleic acid encoding a
fusi on pol ypefisicaerroigini Agt @vindey p weien viaplyalerinty e Feasgioront aa nucl eic acid
encoding a POlAEREB MeRE Manrlibn BGkboplily is ¢4BASEa GPAALLbARS Whi ch permit
the production of a polypeptide selected fromthe group consisting of a
whol e ant i bodsnfiims taanedifythe pliggspeshigrides tgihe Aie regzavdofzaidipgbipemtider ot ei n t hat
includes a regh@ReeviYRha et Sdlilfaths s£i§84198knRie @n i nmunogl obul i n, wherein
gﬁid f usi on g%?ypgp?fég %s é&bregseq g%fag gﬂ%uéﬁ sufficient to nodify the
i gosactMifl des iln andtker Repeetethe dnventiongailliceeisd Ity pasthiod &or prrdueibged by sai d host

Cventon | 3t PRrica” s BoR PR g HE R o BRBRARA BSRREE |12 nost

cel |, conpri sitimgstont tuldigepidenhoditg clobibn pigpepedsrieving Galiaotielyzndat | east one
nucl eic acid gn i WS ] i L ctivity and at
| east one a n%cl: e?"?z‘ggé’?‘églg%’8@3?“%8%%%%@8@%@%@%}%“?{‘?etfact ivity under

conditions which permit the production of a polypeptide selected from the group

consisting of a whole antibody molecule, an antibody fragment, and a fusion
protein that includes a region equivalent to the Fc region of an immunoglobulin,
wherein said fusion polypeptide is expressed in an amount sufficient to modify
the oligosacchaﬁdes in the Fc region of said polypeptide produced by said host
cell; and isolating said polypeptide.
[0036] In an additional aspect, a method for producing a polypeptide having
increased Fe-mediated cellular cytotoxicity in a host cell, comprising cuituring a
(, host cell engineered fo express at least one nucleic acid encoding GalT and at
least one nucleic acid encoding Man II under conditions which permit the
production of a polypeptide selected from the group consisting of a whole
antibody molecule, an antibody fragment that included the Fc region of an
immunoglobulin, wherein the expression level of one or both of GalT or Man I
is sufficient to modify the oligosaccharides in the Fc region of said polypeptide
produced by said host cell and wherein said polypeptide has increased Fec-
mediated cellular cytotoxicity as a result of said modification; and isolating said

polypeptide having increased Fc-mediated cellular cytotoxicity.



conditions which permt the production of a polypeptide selected fromthe
group consisting of a whole antibody nol ecul e, an anti body fragnent, and a
fusion protein that includes a region equivalent to the Fe region of an

i mmunogl obulin, wherein said fusion polypeptide is expressed in an anount
sufficient to nodify the oligosaccharides in the Fc region of said

pol ypepti de produced by said host cell; and isolating said polypeptide.
[0036] In an additional aspect, a netizod for producing a pol ypepti de having
i ncreased Fc-nedi ated cellular cytotoxicity in a host cell, conprising
culturing a host cell engineered to express at |east one nucleic acid

encodi ng[@@m_ and jatanoth&3hech e PHEAR ifyveAfdndis QHeO8d A a VMadindd foinder

condi tions ich permt the production of a polypeptide selected fromthe
group consi stPREIHTE apelrspide A hasber)l, penprisipge , (Aheilareg pdas celagnent t hat

i ncl uded the : i b DHO I-N; W {0 ression |evel
of one or botﬁl%g{ea%%f#x@jﬁsﬁ/gﬁash :a gg% 8??%1%?%1% éﬁﬁ@%ﬁ’h@m}ﬁ%%

ol i gosacchar i Mesnosidagehié aptévity eapdemcapflitiond whioln lpymupthedwedustiodated by sai d host
cell and whergj i i j ncr i el lul ar
cytotoxicity Igoé)r’baeﬁ tir?déa’gal%é%@%ggf g]%ﬁlﬁgﬁ?fls%nﬁoﬁgﬁ;gggn ﬁoﬁrﬂg@%ﬁ%aﬁai d

pol ypepti de hanibody fragoesasdd filsmupedeiathetindales adegion egnivateotto theFy. - 15- [ 0037]

I n anot her aspect,.the present. inventign is directed,,to a hod f or

broduc ng. o ASrubaiGaRhaidl shEH e ol ieolB e dMiRafittl g & host

cell  engi neexctdity is exprasedds andmduatsafficiantto modifethe olippsaicteridadi thg a pol ypepti de

havi ng a- Mannosi.dasge | ctivjt nder cqndi tions .ch permt the

product i on OPIP cgegggp%@ao?@gp%dglpg%#ge fg%@ﬁéelgfﬁﬁﬁéiésgﬁ:@ggﬂq%g of a whol e

antigody ol gmiypeptideiprodatddi tyadid hbstagiirent , and a fusion protein that includes
regi on ivalent to . the Fc _region of an i.nmung bul jn erein said

gol ypept [@g havi ng"‘ ﬁ%ﬂnﬁ??@’a@@ l?fFSﬂﬂ'al&VF%H°Pysid§e€§‘L?%§sfé%§f ic\é\@an anount

su:‘ ficie _nfj tmngﬂ%d 'réd/dtofehlﬁe@hic}saﬁﬁmfﬂhﬁfi? d@@eﬂgadiigg@olﬁflepﬂic&gia_ i fiflg _@; sai FI -

pol ypepti de produce Sal, st cell; an . solatjng saj pol ypepti de

produced by s%ﬁ@oﬁﬂgsfqié?t’rv.‘ty(@ggg]‘m O%WF%E%gtpéﬁtPF“{“ﬁ‘gmp?fe%ent i nvention

is directed tﬁblﬁeﬁﬁ&fsels&édﬁonﬁmgﬂ%ﬁg&ﬂﬁsﬁ OB XRh&S entibbdy BaIsbQme nucleic acid

encodi ng a poalpﬁge ti de having a- nngosidase |l .activity under conditions
whi ch permit ody frgment; 494 2 §ysioq proten that includes a region equivalent tothe Fe |

region of an immunoglobulin, wherein said polypeptide having g-Mammosidase IT
activity is expressed in an amount sufficient to modify the oligosaccharides in the
Fe region of said polypeptide produced by said host celt

[0039} In yet another aspect, the present invention is directed to polypeptides
produced by such host cells, particularly antibodies having increased effector
function and/or increased Fc receptor binding as a result of said modified

oligosaccharides.
BRIEF DESCRIPTION OF THE FIGURES

[0040] FIG 1. MALDI/TOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, unmodified (non-glycoengineered) anti-CD20 IgG1
antibody produced in BHK. Cells were transfected with antibody expression
vector pETR1502. Antibody was purified from culture medium and
oligosaccharides were prepared and analyzed as described in the Materials and

Methods section of Example 1.



pol ypeptide selected fromthe group consisting of a whole antibody nol ecul e,
an antibody fragnent, and a fusion protein that includes a region

equi valent to the Fc region of an inmunogl obulin, wherein said polypeptide
havi ng a- Mannosidase Il activity is expressed in an amount sufficient to
nodi fy the oligosaccharides in the Fe region of said polypeptide produced
by said host cell [0039] In yet another aspect, the present invention is
directed to pol ypeptides produced byjguch host cells, particularly
ant i bodi es having increased effector function and/or increased Fc receptor
binding as a result of said nodified oligosaccharides. C BRI EF DESCRI PTI ON

OF THE FligddES [ 0048 2.F|;ﬁAiDI/?"BF@lIS Eg&’cﬂﬁ SP RS AIUDT fbacBRAtE Hix

ol i gosaccharide mx derived fromreconbinant, unnodi fied

( non- gl ycoengiaved Goip resambingipdycgeaiginegred pbEH2(Igtd wopdy proBrged Cel | s were
transfected wt J: [ | vV . i y was purified
fron1cu|turem%b |uﬁ@%ﬁ%ﬁxgﬁ§§3§§§éﬁg??ﬁgghggggg%$%§§5gﬁﬁg%dﬁgﬁalyzed as
descri bed i n thre cdArmafectid svidiadtibolp btpostsions extar pRTRISOEmaimpitheGrill I - 16- [ 0041]

FIG 2. MALDI/ TOF- M5 spect tral oligosaccharide mx derived from
Feconbi nant . SR RFLY, b, RAtaP et T RERTEF Butletatd! 1 Bk
engi neer ed ‘W dligosactheides wera prefarehaddinglgzedial destiylpd if theMaterialtBhdl . Cel s were
co-transfect i th _anti had xpressi on vectorpETR1502 and with GaTl I |
expr essi on vgg?%$3$§$ﬁff§g?%ﬂﬁ??body was purified from cul ture nedi um and
ol i gosac¢ide] des \WGE3.prMABDETOBRMIS apairymest memtraledigosdecithride nithe Materi al s
and Methods sectjon of ample 1. 1004 F | / TOF- M5_spect rum of
neutral oligo | , gi neere
o+ go et B frsomb B PRERP G - U TIB ROy g1 oer o
ant io);jCD20| 0 GlinaBHIK kaghiedpsdoaitc & ducleid aBldl eAdodRiaci fusion @alypéptie accaucl eic aci d
ncodi ng a fugi.Qn oolypeptide ('d - TIEE") W LIl activity and

I‘ocal i zed vidaﬁﬁghgwmédﬁ@hhlﬁﬂ ?ﬁ*ﬁgﬂmmﬁd%hFﬁiﬁEg¥%éIW@ﬁgmBB-transfected
wi th anti bodydogei aSeis MredatasfeQENRIDARbod WpMbdidh veoihl pETFEDSPZ €SSi on vect or
pPETR1425. Anti hod, masHPurified from . )

and with GnTII expression vector pETR1425. Antibody was purified from

-culture medium and oligosaccharides were prepared and analyzed as described in

the Materials and Methods section of Example 1.

[0043] FIG 4. MALDI/TOF-MS specttum of neutral oligosaccharide mix

derived from recombinant, glycoengineered anti-CD20 IgG1 antibody produced

in BHK engineered with a nucleic acid encoding a fusion polypeptide (“M2-

GnTIII”) with GnoTIII activity and localized via a Golgi alpha-

mannosidasell(Manll)-Golgi localization domain. Cells were co-transfected with

antibody expression vector pETR1502 and with GnTIII expression vector

PETR1506. Antibody was purified from culture medium and oligosaccharides

(' | were prepared and analyzed as described in the Materials and Methods section of
Example 1.
[0044] FIG 5. MALDITOF-MS spectrum of neutral oligosacchande mix

derived from recombinant, unmodified (non- glycoengineered) anti-CD20 IgG1
antibody produced in HEK293-EBNA cells. Cells were transfected with
antibody expression vector pETR1520. Antibody was purified from culture
medium and oligosaccharides were prepared and analyzed as described in the
Materials and Methods section of Example 1.

[0045] FIG 6. MALDI/TOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, glycoengineered anti-CD20 IgG1 antibody produced



cul ture nmedi um and ol i gosacchari des were prepared and anal yzed as descri bed
in the Materials and Methods section of Exanple 1. [0043] FIG 4.
MALDI / TOF- M5 spectrum of neutral oligosaccharide m x derived from

reconbi nant, gl ycoengi neered anti-CD20 1gd@ antibody produced in BHK

engi neered wth a nucleic acid encoding a fusion polypeptide ("M- GTIII")
with GiTIIl activity and localized via a Gol gi al pha-

mannosi dasel | (Manl 1) - Gol gi | ocal i zati domain. Cells were co-transfected
with antibody expression vector pETRI502 and with GnTI|| expression vector
PETR1506_ Anti body was purlfled fron1cu|ture medi um and ol i gosacchari des

were prepared. d as |be n.the Materials .and t hods section
of CExanpl e 1 BB PEA & Ao e e A BCp A BFOPBUTRRISe

ol i gosacchari @‘m'md@rWitEdGﬁmmwtﬂzﬁprrhidnamhhzeﬂnﬁ@daf(&@@ alpha-

(non- gl ycoengi neer ed nti- . anti pody_pr oduced I n HEK293 EBNA
celI's. Cells VWEpersida %@mﬁ%m %?ﬂqoﬁ’aﬁycéﬂéﬁ‘feé%@l RsteiedB® pETR1520.

Anti body was Batitolty @slpresstm %&o&m1mmccﬂmg@@%§&a%a&s were
prepared and anal }/zed as described in the WMterials and Methods section of

Exanpl e 1. [O08EBR PG“*B“bON/N‘Z"BF pureied omsqrdute medivan andeligesacchsrifgfosacchari de

mx derived GLRIp: ed £ BERARA S MERLRAAR Md MEhsdkin &Nt | body
produced -17- in'H 9 engi neered with a nucleic acid encoding a

f usi on pol ypeﬁf‘m"«‘l("l\/lz GnTI II™) with GhTIH activity and | ocalized via a
Col gi  al phgys) Mannogiaseht bheokMs Gebil orhQkal d@%ab&%@&ﬂﬁ'd%ve@' I's were

co-transfect ed wi th antibody expression vector pEITRL520 and with GaTl ||

expressi on ve&pwr recqralipas,1 glycospgindsendyanficleDH I8 T é@lbpﬁbm@wqdwﬁe medi um and

ol i gosacchari 5%9@5 n%%g’s dehe Materials
d Met hods sg%?ﬁggr,\\@gﬁl&pé r%rzimqu%%g%%g%&%ngm% %‘B spectra of

utral ol i go§xARFIER witlk Hvegivit raseh boealizbi viane ,Gaitly elpbngi neer ed

antl-CD20Ig dQ Q‘}b??ohl&n '1:1 éﬁ%{ 1gﬁ %%i th a nucleic
aci d encodi ng a usi on po pep? de € ﬁé‘% ; %1 activity and
| ocal i zed vi aaatibody gxprasspnavector pETR1520 and with GnTII expression vector

pETR1519. Antibody was purified from culture medium and oligosaccharides

were prepared and analyzed as described in the Materials and Methods section of
Example 1. (2) Oligosaccharide profile of PNGaseF-release oligosaccharides with
no additional enzymatic treatment. (b) Oligosaccharide profile of PNGaseF-
release oligosaccharides further digested with EndoH.

100471 FIG 8. {a) Schematic description of the EndoH-catalyzed digestion of
oligosaccharides. EndoH can digest hybrid (and hybrid bisected), but not
complex or complex bisected oligosaccharides. (b) By distinguishing between
complex- and hybrid-type oligosaccharides, Endo-H treatment allows to make

( structural assignments to oligosaccharides peaks that have the same m/z ratios in
the MALDI/TOF-MS spectra originally resulting from PNGAseF treatment.

[0048] FIG 9. Antibody-dependent cellular cytotoxicity (ADCC) of “Gl-
GnTII”-glycoengineered vs. unmodified recombinant, anti-CD20 chimeric IgG1
antibodies. Both antibodies were produced in BHK cells. Production and
glycosylation profile of the glycoenginereed antibody is depicted in Fig. 3 and
those of the unmodified antibody in Fig. 1. Target cells (T) were SKW6.4 human
lymphoblastoid cells. Effector cells (E) were freshly-isolated human PBMC. An
E:T ratio of 25:1 was used in a 4-hour incubation ADCC assay measuring

cytotoxicity by lactate dehydrogenase (LDH) release relative to 2 maximum



mannosi dasel | (Manl 1) -CGol gi | ocalization domain. Cells were co-transfected
with antibody expression vector pETR1520 and with GhTlIIl | expression vector
pETR1519. Anti body was purified fromculture nedium and ol i gosacchari des
were prepared and anal yzed as described in the Materials and Met hods section
of Example 1. (a) Aigosaccharideprofile of PNGaseF-rel ease oligosacchari des
with no additional enzymatic treatnent. (b) digosaccharide profile of
PNGaseF- rel ease oligosaccharides fungher digested with EndoH 10047] FIG 8.
(a) Schematic description of the EndoH catal yzed di gestion of

ol i gosacchari des. EndoH can digest hybrid (and hybrid bisected), but not

conpl ex or C%Bhéﬁljﬁgsa%{e %qugﬁagﬁ% g;gﬁ%fg&pgmmrggagg%?ﬁg% shing between

conpl ex- and hybrid-type ol I gosacc o-H treatne | ows to make
structural assédwménsiesd etangbodybemitrolahisaedetpisaksdesdiried indMatetidle same m z

ratios in t =~ pecitra originally resulting from PNGAseF
treat nent. [%ﬁwd&l‘%ﬁo nt?xt(r) lt37-1€:Iependent cellular cytotoxicity (ADCC) of

"d - GnT[0089]- gl yc 8@ dion esntibdddeperndeniochliblae dyweesith i(ABRAC) ofifivi2- CD20 chi nmeri c

IgGL anti bodi »Both anti bodi es r raduced i .cel l.s... Production and
gl ycosyl ati ogénglﬁlolﬁgﬁ'go%‘?nf?f%@@%\é\f%gﬁgo Obéﬁangﬁ?br'glg@;cl “deitted in Fig. 3
and those ofantibeliesnBotizfititedieswert podycet in FFEXj2031EBNAcgBL Prodiction (T) were

SKW6. 4 human

l,ynphobl .ast oi |Is. Effectqor gells (E re freshly-isol ated
e PENG. AT FRRER bt e ipaBeerr mates Bl Fflged | on A assay
measuring  CydnAtiast 6f thyubyodifixdtaatitdd ahhidr 0 oRiags eclls(DHyere 8k®ase rel ative to a
maxi mum - 18- rel ease ing a.detgrgent. instead_of antib and a
spont aneous r%ggn?bé’gfaft@%e@enﬁmgé TicAlls @d”%‘? ffﬁ?’i‘”‘ﬁ?)‘ﬂ*ﬁ?gﬁ%?ﬁ rols. Assay
detG e;i l)s are ct@@b ; cij b&ﬂB:gﬁaﬁ@bﬁﬁ:Btzﬁs u@ﬂdnwtmelmcaw%ié%mm; aﬁxwz,grrpl e 1. [0049]
| G!10. Anti body-dependent cel ]l ul ar, cytotoxicjt A of "M-

THII"-gl ycd® W&Wxﬂﬁyaﬁﬁﬁﬂ? #F%ﬁf%@@éﬁ@r%éﬂ}e%%@tﬁﬁoa chimeric |gd
an'éli bf)di es. I Bedxim ﬁﬁtrbl}?@?i(@ﬁ?gvuaﬁ&rgél’;@m&ﬂi_ofm%@gﬁdﬁb%tﬁﬂo_ {lﬁ Pr odgcfti on
and glycosylatjon profile of the coengi nereed anti body is depicted in
Fig. 6 and tRE%E (gvl%@w&hlﬁsoaﬁsﬁcga}(aﬂtmogwomﬂﬁ §55% S &R cel I s (T)
were SKW6. 4 destiBed inVIREMN A8 Mithds 8clisn offfixhfplear cells (E) were
freshly-isol ated human i .

[0050] FIG 11. Antibody-dependent cellular cytotoxicity (ADCC) of “M2-
GnTII"-glycoengineered vs. “wit-GnTII”-glycoengineered recombinant, anti-
CD20 chimeric IgG1 antibodies. Both antibodies were produced in BHK cells.

Production and glycosylation profile of the M2-GnTII-glycoenginereed antibody

=t

is depicted in Fig. 4 and those of the wt-GnTTIL-glycoengineered antibedy in Fig.
2. Target cells (T) were SKW6.4 human lymphoblastoid cells. Effector cells (E)
were freshly-isolated human PBMC. AnE:T ratio of 25:1 was used in a 4-hour
incubation ADCC assay measuring cytotoxicity by lactate dehydrogenase (LDH)
( release relative to a maximum release (using a detergent instead of antibody) and
a spontaneous release (culture medium instead of antibody) controls. Assay
details are described in Materials and Methods section of Example 1.
[0051] FIG 12. Binding of “M2-GnTII”-glycoengineered vs. unmodified
recombinant, anti-CD20 chimeric IgG1 antibodies to FcgammaRI1Ia receptor on
NK cells. Both antibodies were produced in HEK293-EBNA cells. Production
and glycosylation profile of the glycoenginereed antibody is depicted in Fig. 6
and those of the unmodified antibody in Fig. 5. The binding assay was performed
as described in the Materials and Methods section of Example 1. Human NK

cells expressing FegammaRITla receptor on their surface were isolated from a



PBMC. An ET ratio of 25:1 was used in a 4-hour incubation ADCC assay
measuring cytotoxicity by | actate dehydrogenase (LDH) release relative to a
maxi mum r el ease (using a detergent instead of antibody) and a spontaneous
rel ease (culture nmediuminstead of antibody) controls. Assay details are
described in Materials and Met hods section of Exanple 1. [0050] FIG 11.

Ant i body-dependent cellular cytotoxicity (ADCC) of "M-
GnTlI11"-glycoengi neered vs. "wt-G1Tl Lig - gl ycoengi neered reconbi nant, anti -
CD20 chineric Igd antibodies. Both anti bodies were produced in BHK cells.
Production and gl ycosylationprofile of the M2-GnTUL- gl ycoengi nereed
antibody s _derCsed! gefbrypleOkmabn il 1bR6fce EokhifmniCidblibye glayCoengi neer ed
anti body in Fig. . Target cells (T) were human Tynphdbl ast oi d
cells. Effect b@m@mo@ o1 genmmﬂh@mtm wlnsfra@tt snpreadorPBNR than E: T rati o of

25:1 was usedglh 2 o éﬁ Y, ot oxi ci tyby
| act at e dehydroégenase ((LL& &%Ilagegi rela |ve§a?oﬂdz§?%§é>%férmﬂgqenr% 'ease (using a
detergent i nstrmamtrﬁdfbyfmﬂstlmhig)mEl‘i‘(ﬂl-labaallsqunthmmllg(}lanﬁbedﬁ&agrmmtt ure medi um

i nst ead of antlbod trols det ai.l s rifed in Materials and
Met hods sect | Blr?reg? %F@mfum[(gggf%b Ib‘B‘a{ﬁ"dF‘gg % REehd

"M2- GnTl | | " - gBitclagtigictiedinaids asSaymu?ngmdmﬁRmi-spéc&ﬂmmbmamrate@mmseCDZO chimeric
| gGl anti bodi e to Fc K cells. h anti bodi es were
produced in H é‘ﬂ”g&]l{g Ody ’I‘S)(Ee(‘j?g% X on profile of the

gl ycoengijgpeszged anltxcb(psiy Blﬁdld@afemct}ﬂmnﬂg@coe@gmaadd whognodffietihe unnodi fi ed
antibody in Fig. ». i s perfarnmed as described in the

The bindi hg as wa
Material s and SRERNSHY @B@%ﬁ %@Oﬁesﬂfﬁﬁﬂmﬁ?@mﬁqc@r@?pr essi ng

FcgammaRI | | a N&Cedik Gh @ predtfid oSbbass :wae&mhﬁ@isaif@dcofnrp@ﬂﬂgamw donor of a
3§no)t ype known not to produce FcgammaRI|Ic receptor, (i honozygous for a

ne variant frERmagRl artibedyfrpemsnt Bothec %’P@BWG‘H@H%W%?W‘%“H@chgammRI | c

codi ng sequengekooiBBRR@L Idefls. Te&RodubAta %ﬁ@egﬁzﬁos‘yﬁﬁgﬁ‘%%ﬂlﬁ offe@sured by FACS
using an FITC | abel |l ed antj-human I gG anti body fragnent Increases with the

amount of rec@meﬁ&ﬁ?fe%ﬂub@bylsb’éﬂﬁ@d ftoFighé W%@Plogthe wimedifisd detected in
Lhi s assay | SutpoaiRRyl 52 AReGhihg 188 JSATLERE o dikrbiarin B 2 competing

FcgammaRI | | a-specific antl body fragnent (see
Materials and Methods section of Example 1, but co-mcubatmg the purified NK

cells with recombinant antibody (always at a final concentration of 3 pg/ml) and

with increasing and varying concentrations (see graph) of competing 3G8-Fab2
anti-FegammaRINT antibody fragment). Human NK cells expressing
FcgammaRITa receptor on their surface were isolated from a donor of a genotype
known not to produce FegammaRIlc receptor (i.e., homozygous for a gene
variant that contains an in-frame stop cedon within the FcgammaRTlc boding
sequence). Geometric mean fluorescence intensity, measured by FACS using an

(_ | FITC-labelled anti-human IgG antibody fragment, increases with the amount of
recombinant antibody bound to the NK cells.

[0053] FIG 14. MALDVTOF-MS spectra of neutral oligosaccharide mixtures
derived from recombinant, IgG1 “L19” antibodies recognizing ED-B+ isoform of
fibronectin and produced in HEK293-EBNA cells. (a) Unmodified antibody
produced in HEK293-EBNA cells transfected with antibody expression vector
pETR1546. (b) M2-GnTIII-glycoengineered antibody produced in HEK293-
EBNA cells co-transfected with antibody expression vector pETR1546 and
GnTIII expression vector pPETR1519. Both antibodies were purified from culfure
medium by protein A affinity chromatography followed by size-exclusion



[0052] FI G 13. Binding of "M2-GnTll P -glycoengi neered vs. unnodified
reconbi nant, anti-CD20 chineric 1gd antibodies to FcgammaRMa receptor on
NK cells in the presence of increasing concentrations of a conpeting anti -
FcgammaRI | anti body fragnent. Both reconbi nant anti bodi es were produced in
HEK293- BBNA cel | s. Production and gl ycosyl ation profile of the

gl ycoengi nereed antibody is depicted in Fig. 6 and those of the unnodified
antibody-in Fig. 5. The binding assaygwas performed as described in the
Mat erial s and Met hods section of Exanple 1, but co-incubating the purified
NK cells with reconmbi nant anti body (always at a final concentration of 3
.sg/ ml) and

ith increasing and varyi congentraty on see,graph) of
conpet i ng SCBéIﬁIIEDd:BaEOg is-eﬁc(glaﬁﬁﬁﬁr‘??‘%g(ﬂ&f%%gé“ﬁ%%ﬁ’f aégﬁﬁr@ NE 2:e| S
e]>c<pr essi ntg P@xjﬁmﬁb@hgte?ﬁﬁmsaﬁﬂibmﬁsj. I‘Ol@tls‘afxlﬁﬁﬁdésﬁfeﬁetﬂrsp)t'e_ﬁtaﬁd fL om a donor
of a genotype nown not. to praoduce Fc c.rec or (i.e., honpbzygous
for aggeneyp yé?‘i’tastdﬁ%f‘b@gﬂ%‘ﬁciﬁéte%s ?“ﬁ-%‘gerﬂﬁ’?ésescfl%(’fg%@@ﬁl%'t hin the Y9
FcgamaR{dos4jcodi NFIGSEIUSHae)g. o SCRNRINTIN - Boeden Sihdtedde 64 amaRdifie ensi ty,
measur ed byFACS using an__ FI TC-| abell ed anti-human 1 gG_anti body fragnent,
i ncreases wi t%cqmﬁn@gﬁ%ﬁpoﬁﬁhf%%ﬁﬁéﬁ@bﬁﬁﬁ tp&agrealdlP teesPiche NK cel | s.
[0053] FIG 14y, M?‘Lﬁrﬁa‘ﬁ@fmﬁélﬁgﬁ%ﬁ&rﬁotﬁfanmu{es HereYrd BREAEIBEIGIE M XL ures

derived from reconbi nant, d "LI9" antibodi es recognizing ED- B+ isoforin

of fi bronectFPNAmgllpr Faesaetern md-glkcoygatiEmnmodls| ¢fsthe @hyromsimstted i ed ant i body

produced in = . e, s i . sion vector
PETRL546. (b;jEl ﬁ% I%QP%%WS%% 'eltr%i neeﬁéﬁgﬂﬁé‘#‘%@a@%ﬁ‘?ﬁﬂﬁgﬁ"%ﬁﬂEmgs- EBNA
cel I s co-trandhebindis wsehwanpérfooded axdssaibsd trihy dtasialspEd Megpds and G Tl | |
expression v g;l?%]? . I i i, f.i culture

dijum by pr gst%{)atl&% ﬁ%a qui’lglt yég%%ﬁa#g%?g%ﬁ%#%]& ﬁ]c%%%y’bdf/&g?%?gxcl usi on -20-

hr omat ogr apBAGS wingan FE Giabeltedant2bamardeGiantitodyresteatrjnceashieiiyi ng t he

buffer to ph 4 BB J: GO i re prepared
and anal yzegﬁé;%ﬁéd%g%%%%%%ﬁ%ﬁggﬁg{oen a%e%dfy%?ﬁéfﬁ%@é&r@%%{l ?’gn of Exanpl e
1. [0054]J0085]G 15. FBiridi nginding' 8P “MR-GollHT- glypenpmgradew: edmedifiedinmodi f i ed

reconbi nant a0t EDr B 5 0NEGHk 160 SRk BRYSan rnFSUBITER | b receptor
NK cells from different donors. Both antibodies were produced in HEK293-

EBNA cells. Production and glycosylation profile of the glycoenginereed

antibody is depicted in Fig. 6 and those of the unmodified antibody in Fig. 5. The

binding assay was performed as described in the Materials and Methods section

of Example 1. Human NK cells expressing FcgammaRITa receptor on their

surface were isolated from donors of a genotype known not to produce

FegammaRIc receptor (i.e., homozygous for a gene variant that contains an in-

frame stop codon within the FcgammaRIlc coding sequeﬁcc). Two donors were

(_ | genotyped as homozygous for the 158V-“higher-affinity” variant of the

FcgammaRITTa receptor. The other two donors were genotyped as 158V/F

heterozygous for the 158V-“higher-affinity” and 158F-“lower-affinity” variants

of the FegammaRI1Ia receptor. Geometric mean fluorescence intensity, measured

by FACS using an FITC-labelled anti-human IgG antibody fragment, increases

with the amount of recombinant antibody bound to the NK cells. Binding

detected in this assay is FcgammaRIlla-specific as demonstrated by use of a
competing FegammaRIlTa-specific antibody fragment (see Fig. 13).

[0056] FIG 17. FACS analysis of truncated-CD4 (tCD4) expression of (a) BHK-

1502-28 (wild type) and, (b) clone BHK-1502-28-11 (M2-GnTIHI-



on Raji human | ynphoma cells. Both antibodies were produced in 1EK293- EBNA
cells. Production and gl ycosylation profile of the glycoengi nereed antibody
is depicted in Fig. 14b and those of the unnodified antibody in Fig. 1l4a.
The bi nding assay was perforned as described in the Materials and Met hods
section of Exanple 1. Geonetric nean fluorescence intensity, neasured by
FACS using an FITC | abell ed anti-human 1 gG anti body fragnent, increases with
t he anount of reconbinant anti body bound to the Raji B-cell |ynphoma cells.

[ 0055] FI G 16. Binding of "M2-GnTlII"-glycoengi neered vs. unnodified

reconbi nant, anti-CD20 chinmeric IgGl anti bodies to FcgammaRI |1 a receptor on

NK cells fro i r i n HEK293-
EBNA cel | s. g’%lg%%% édz;g[gﬂg CE%HSEQ ?%%d Fﬁﬁ%gxﬁrg%@gl%g%%%%ngi ner eed
anti body is dEmrgis'md qfruCMg;operahludmkhbweMbﬁnﬂ“ﬁl wrpn@eiim& iV'BohndEJESbody in Fig.

5. The bi ndi sa ned _as des r|b terials and
Met hods secti ggmg% @%§?§e§“ﬂﬁ PR N E& f #hgrg ?165 aéa?ﬂmaRl\/a recept or
on their surinditect watker fos GinaTleekptasdon. ddemmraad Qefomtrgma@h fip@edcaan not to

Contai ns an'| PRespRe RorE OB Ratier ot (00 R SeUG AR PLARIA 7 cequence).

Two donors wea;,quorgmﬂd(@gelc@lslmla@mzygous for the 158V-"higher-affinity"

vari ant of the mmaRl | 1 a receptor. The other two donors Were genot yped
e 168v1 BVSKL or ol Gde MARDI HOF-PResmeoemprfianui pisspeghanin e

158F- "1 ower - acfiefrlv&ﬂ beé N@%ﬂ’[ﬁ%lyc@éngﬁﬂ%@re&@%ﬂﬂiﬁﬂﬁ' anti- ggg@tcgﬁnen@eorret ric mean
fl uorescence | nt ensj an FI TC-| abel |l ed anti - human

| gG anti body ¥BS3 %’XY Pﬁ‘?é‘f‘cé%lé’ésm%ltsﬂz‘%fél éﬁlﬂ)g‘ﬂ? Al lise SABRO9ENt ant i body

bound to the hf ﬁ%aidnsand%ngéba Qfaka@in hill AddiyBis ARSd¥cribed in the
Ee:ga)mle I la-specific as rmnstrat ed by use of a conpeting
ganmaR! | | a- @Eﬁlﬁ@éd%ﬁ@lpflfées}loriroﬁéme{see Fig. 13). [0056] FIG 17. FACS

anal ysi s jqissf r uncairgdoChas(rh hﬁ&ﬁé&%ﬁf&ﬁcﬂ?ﬂél&bsd@bﬂﬁn&é@&m@ (wild type)
and, (b) cI one BHK- 1502-28-11 (M

T -21 | ycoengi neerdeggg stabl e,
chineric ant|d@%bg@@mﬁ@e@yﬂkﬂo@@e@ﬂﬁgﬁa@éﬁﬂgﬂﬂmmmﬁ ion of tCD4 is
operably-1i nkﬁgntﬁzl\@n“lﬁi;?l&}cbmm.?;él%é%%b‘fﬂaﬂt aildPoe oHhEARNEGI N PETRLS3Y

GhTM expressi on vector herefore used as an
antibody produced by BHK-1502-28-11 cell line. Cell line, antibody purification

and oligosaccharide preparation and analysis are described in the Materials and

Methods section of Exampie 1.

[0059] FIG 20. Binding of “M2-GnTTII"-glycoengineered vs. unmodified
recombinant, anti-CD20 chimeric IgG1 antibodies, produced by stable cell linés,
to FegammaRIIla receptor on NK cells. Glycosylation profile of the
glycoenginereed antibody is shown in Figs. 18 and 19. The binding assay was
performed as described in the Materials and Methods section of Example 1.

(. | Human NK cells expressing FcgammaRIla receptor on their surface were
isolated from a donor of a genotype known not to produce FegarnmaRIIc receptor
(i.e., homozygous for a gene variant that contains an in-frame stop codon within
the FcgammaRIIc coding sequence). Geometric mean fluorescence intensity,
measured by FACS using an FITC-labelled anti-human IgG antibody fragment,
increases with the amount of recombinant antibody bound to the NK cells.
Binding detected in this assay is FcgammaRIIla-specific as demonstrated by use
of a competing FcgammaRIla-specific antibody fragment (see Fig. 13).

{0060] FIG 21. Complement-mediated lysis (CML) of “M2-GnTII"-
glycoengineered vs. ummodified recombinant, anti-CD20 chimeric IgGl



indirect marker for GhTII I expression. Mean and geonetric nean fluorescence
intensities were, respectively, 27.6 and 19.9 for the gl ycoengi neered and
4.7 and 4.1 for the wild type cell lines. [0057] FIG 18. MALDI / TOF- M5
spectrum of neutral oligosaccharide m xture derived from

M2- GnTl Il - gl ycoengi neered reconbi nant, anti-CD20 chinmeric 1gGd@ antibody
produced by BHK-1502-28-11 cell line. Cell line, antibody purification and
ol i gosacchari de preparation and anal ygis are described in the Materials and
Met hods section of Exanple 1. [0058] FIG 19. MALDI/ TOF- M5 spectrum of

neutral oligosaccharide m xture derived, byPNGaseF-rel ease oligosaccharides

and further d H?gg I ed
reconbi nant , %ﬁ%ﬁ@%@ﬁ%ﬁﬁ%ﬁ%ﬁ@gﬂ&&@%&ﬁl ?/é EPgldAyuc%gﬁ fH@BEH&- 1502-28-11

cel| line. Cetud glyaesylatintprafdel ghthe elveasaginereed antibodylis depsciesiih &id. de pr epar ati on
and anal ysi s n on of Exanple
1. [0059] FIGﬁggh&%?ﬁ%wﬁggglgm£@§%§$ﬁﬁﬁﬁbky€%'nglﬁﬁg$%%%6§ﬁﬁhﬁnndlfled
reconbi nant , hmnmﬂﬁﬁﬂﬁmhhmmhxﬂmIhgﬁhoanmmhadhasmmdﬁﬂdm@&dyhgmmtabIe cel
lines, to FcganmaRI|la r pt.or o cQs roflle of the
gl ycoengi ner eg’ﬁs %‘ﬁ?SP‘SSE’;Y Iﬁﬁﬁ?ﬁﬁﬁ ‘Ir]*‘ﬁ "3’2 deafﬁ%b QX&“%\ 8| ng assay was
perforned as Nﬁﬁmddﬁuﬂbmdekhﬁmbhlerlals and Met hods sectlon of Exanple 1.
Human NK S ex i rece tor t hej urface were

oo at ed 3 o oM ALEERE L & e eleqspshii e HmaR |

recept O(rj (i. @envedlﬁ)tﬁﬁihie,égﬂuﬁaﬂt%mln@erﬂl & ‘@aﬂﬂ”aﬁﬁbddim&ecﬁgﬁﬁ@h’iﬁwﬂn in-frame
stop codon wi e ma onetric nean

fI uorescence %é%@lwgag@%ﬁﬁp@d?%ﬁg‘@rﬂg‘%ﬁg EIQIW%BMJ@P% ed anti-hunman
| gG anti body f{hagimidified dni6dd9BFEEcH fhhmtmmwmcemfuarneeee@wﬁﬁnt anti body
ggunh to the NK cells. Bindin detected |n t his assay i

gammaR! | | a- Seedsepressionyests e E- S}VC%n%B‘??EF@taPWdY

FcgameR! | | a- sp@ekd mmnzgemym éau@gﬂmfe&mﬁnabo@%ipmski@@@&}ﬁl G 21.
Conpl erment - medi at ed I¥S|s "M2-GNTLILL" - d ycoengi neered vs.

unnodi fi ed r cROHHREA Hlemessm‘fﬁe?mﬁm?dw agiRplipodsres. Bot h
anti bodi es wepgifei 8o et MBS D3 pleRNAE GHinty clrbASY S B Toliowed by

size-exclusion chromatography step on a Superdex200 matrix (Amersham})
exchanging the buffer to phosphate buffered saline (PBS). Oligosaccharides
were prepared and analyzed as described in the Materials and Methods section of

Example 1.

[0062] FIG 23. Axntibody-dependent cellular cytotoxicity (ADCC) of “M2-
GuTIII"-glycoengineered vs. unmodified recombinant, anti-EGFR chimeric IgG1
“C225” antibodies. Both antibodies were produced in HEK293-EBNA cells.
Production and glycosylation profile of the glycoenginereed antibody is depicted

( in Fig. 22b and those of the unmodified antibody in Fig. 22a. Target cells (T)
were A431 human squamous carcinoma cells (ECACC No. 85090402). Effector
cells (E) were freshly-isolated human PBMC. An E:T ratio of 25:1 wasusedina
4-hour incubation ADCC assay measuring cytotoxicity by lactate dehydrogenase
(LDH) release relative to a maximum release (using a detergent instead of
antibody) and a spontaneous release {culture medium instead of antibody)
controls. Assay details are described in Materials and Methods section of
Example 1.

[0063] FIG. 24. The nucleic acid sequence and amino acid sequence,

respectively, of the Mannosidase IT— GnTII fusion polypeptide of the invention.



and gl ycosylation profile of the glycoenginereed antibody is depicted in
Fig. 6 and those of the unnodified antibody in Fig. 5. Target cells (T)
were SKW5.4 hunman | ynphobl astoid cells. Human conpl enent was used for the
assay. Lysis was neasured by LDH rel ease. Assay details are described in
Materials and Methods section of Exanple 1. [0061] FIG 22. MALDI/ TOF- M5
spectra of neutral oligosaccharide m xtures derived fromreconbinant,
chimericlgG "C225" antibodies, recogs.zi ng human epidermal growth factor
receptor (EGFR), and produced in HEK293-EBNA cells. (a) Unnodified antibody
produced in HEK293-EBNA cells transfected with antibody expression vector

PURSI 28. (fgdd¥g- G T! tllbr gisycolglggh&fe?cr QAL RALY ' p'ZIJ. cedigl 93-EBNA cel |'s

co- transfect ed with antib expressi on - vect or URSI and GnTl 1|
expressi on ve@ftsmctlpﬁsrmmg}ﬂgot Gn’éﬁl ﬁbmdlpelsfpw@deoftbumﬁféﬁti@d fromculture

chr omat oty “t oCH NP UBRhERA R okl R toe BRI g e

buf fer to phogphameditied, fr@pmdms:alﬂzﬁéaxﬁtPBB)ZOciﬁlxwmmaimmdglé@mwere pr epar ed

1 Ooo2] " FI cPReiceRkt FRBaY RENAAN r bk eL PR SRR BERETE) THBC) of W

GTlI"-gl ycopB"ng—mr aduh/cslymspmﬁlﬁefdlfmdl subeeRddingm nd digbsacEiahi®schi meric 1 gGl
" C225" anti bodi es i badi 93-.EBNA cel | s.
Producti on and“y éf“ﬁf 87313%6%’ 'gﬁlg{d éﬁ%@%ﬁﬁé@&"% i body is
depicted in Ekgnplegb and those of the unnodified antibody in Fig. 22a.
Target c (T) r guanmous ci ce|l's (ECACC No.
85090402§[b$%ifect0ﬁ%§ @@]{%P@ W%@W?fﬁ%‘tﬂﬂgf’g& CBERC. An E: T
ratiof of 25: 1gm?dm@ﬁdrebdémlﬁnaéﬂ glﬁiééng;ﬂeeﬂbl_@mrhn&@ml oa&@ﬁahl JdIBEIUri ng
totoxicity by lactate dehydrogenas rel ease relative to a maxi num
| ease (usi n@““&"’@éé Pyeptod %F&%@S E%u%ﬁwaﬂéfﬁﬁ edwilhimibodieous rel ease
(cul ture nedi gipréskish Q@%r@hTR@SZO%@Yﬁsmn@i’ﬂ]l%b é&%}téi@lbﬁlbéo‘éorar e descri bed
in Materials and Met hods_section of Ie [ 006 FIG .24. The nucleic

aci d sequence®d g*lélrﬁ) n@“&&@W?@’é}ﬂﬁ?ﬁc@m °‘F1 'idé‘im/ é‘!d)i’hgﬁ?rac‘iq%’éd%n nosi dase 11
- GTHL fusi QRrepépiied Rid AlgtyRd ab A@cribRY Bithé MBterials and Methods section of

Example 5. (A) Oligosaccharide profile of PNGaseF-release oligosaccharides
with no additional enzymatic treatment. (B) Oligosaccharide profile of PNGaseF-
rélease oligosaccharides further digested with EndoH.

[0067} FIG 28. MAILDI/TOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, glycoengineered C2B8 anti-CD20 chimeric IgG1
antibody (“Cm”) produced in HEK293-EBNA cells co-transfected with antibody
expression vector pETR1520, fusion GnaTIII polypeptide expression vector

I

(pPETR1519) and mannosidase II polypeptide expression vector (pCLFS9).

( Antibody was purified from culture medium and oligosaccharides were prepared
and analyzed as described in the Materials and Methods section of Example 5.
(A) Oligosaccharide profile of PNGaseF-release oligosaccharides with no
additional enzymatic treatment. (B) Oligosaccharide profile of PNGaseF-release
oligosaccharides further digested with EndoH.

[0068] FIG 29. Antibody-dependent cellular cytotoxicity (ADCC) mediated by
chimeric anti-CD20 antibodies glycoengineered by expression in HEK293-
EBNA cells of a nucleic acid encoding a ManII-GnT1II fusion polypeptide, where
the GnTIHI catalytic domain is localized via the Manll Golgi localization domain,
where the ManIT-GnTIii-encoding nucleic acid is expressed either on its own



-23- [0064] FIG 25. The nucleic acid sequence and am no acid sequence,
respectively, of the GT-1 - GT-111 fusion polypeptide of the invention.

[ 0065] FI G 26. MALDI/ TOF- M5 spectrum of neutral oligosaccharide mx from the
unnodi fi ed, reconbinant C2B8 anti-CD20 chinmeric 1gd antibody ("Cwt")
produced in HEK293-EBNA cells transfected with anti body expression vector
PETR1520. Anti body was purified fromculture nmedi umand ol i gosacchari des
were prepared and anal yzed as describgd in the Materials and Met hods section
of Example 5. [0066] FIG 27. MALDI/TOF- MS spectrum of neutral

ol i gosaccharide m x derived fromreconbi nant, glycoengi neered C2B8

ant i+ C020_chi TRy or ANLbRA o hCRibody ep%afémg%ms tHgefekRRL EBNA cel | s

co-transfected vvlth an expressi on vector PETRI fusion G1TlI |
pol ypept i de empﬂ@ssmd)mooémg ManII((ﬁmTF@mssltgy unmgdifisdorbpombisany G2BBi ed from

' the nateri aECa8tiBRACRETIINRS AR RRkERRL BRI WED 0 el
profil e of PN@s&étedehﬁammboﬂy qusassmhamtdepETMSch rAssgddettilsomal enzymatic
treat ment. char. i Q NGaseF- rel ease oligosacchari des
further di ges%i Cﬁﬁﬁ&n g|iil %@% gﬁ)aﬂﬁ OF- M5 spectrum of neutral
ol ;goggggh%ﬁ] de mB‘(IG dG%rlB’cg;mfaaBIﬁar mc%mm biadihg ol gmnmbgaﬂggDEgNgZ%l I

anti - chi ant i cells
co-transf ect eﬁn &‘ﬁs )il o010 )Y g’%é?‘ﬁ?ﬁ"ﬁ#@é%ﬁ@ﬁi@égz AnpelEIC o GnTI H

pol ypept i de exqid exsiiap aMﬂﬂPGnTIﬁFfEﬁRiﬁcﬂﬂjep@d%ﬁwﬁ&ﬂﬂﬁiﬁﬂ&E&aﬂalyﬁpol ypepti de

o1 | gosacchar | EEHainers i aMaaf o Bryaton doRain HTBEE N0 ho Nt er | ol S
and Met hods seeTIRércodingmatgd 2idis exfréibeddithg@sag Gha(hidiBody girt)loe of

PNGakeF-r el ease ol i gosacchari.des with no add| i ona enz ma treat ment.
(B) Oigosacc%?”ipﬂ‘??g%rlaf Fem%trOﬁNc% nﬁéﬂ‘c"]ésdgoé v ¥‘Fh°r?‘ﬂ s further

di gested wi t hedcadiagiManOQB8]). EWGs2s mmmdﬂécdimﬁﬂdemsaﬁimbar cytotoxicity
(ADCC) nedi ated by g&tln mer i CQ%‘@”) CD20 anti badi esgg‘léﬁuoengl neered by

expressi on i n°HE eRibrdy Prodyeqd jp FEKZI34ER Ehtrmgetgd Mant 1 GnTl 1 |

f usi onpol ypepiyith SntibddedxPression vector pETR1520. The binding assay was performed as
described in the Materials and Methods section of Example 1. Human NX celis

EIJ

expressing FcgammaRITla receptor on their surface were isolated from a donor of
a genotype known not to produce FegammaRTic receptor (i.¢., homozygous for a
gene variant that contains an in-frame stop codon within the FegammaRIIc
coding sequence). Geometric mean fluorescence intensity, measured by FACS
using an FITC-labelled anti-human IgG antibody fragment, increases with the
amount of recombinant antibody bound to the NK cells. Binding detected in this
assay is FcgammaRIlla-specific as demonstrated by use of a competing
( | chammaRDia—speciﬁc antibody fragment (see Fig. 13).

[0070] FIG 31. Complement-mediated cytotoxicity of chimeric anti-CD20
antibodies glycoengineered by expression in HEK293-EBNA cells of a nucleic
acid encoding a ManIl-GnTII fusion polypeptide, where the GnTII catalytic
domain is localized via the Manll Golgi localization domain, where the ManlI-
GnTII-encoding nucleic acid is expressed either on its own (antibody Cbrt) or
co-expressed in the antibody producing cells together with a nucleic acid
encoding Manll (Cm). Cwt is the unmodified, recombinant C2B8 anti-CD20
chimeric IgG1 antibody (“Cwt”) produced in HEK293-EBNA cells transfected
with antibody expression vector pETR1520.



the GhTIR catalytic domain is |localized via the Manl|l Gol gi |ocalization
domain, where the Manl-G1TlIIl-encoding nucleic acid is expressed either on
its own -24- (antibody Cbrt) or co-expressed in the antibody producing cells
together with a nucleic acid encoding Mani (Cm. OM is the unnodified,
reconbi nant C2B8 anti-CD20 chinmeric 1gd antibody ("Om") produced in
HEK293-EBNA cells transfected with anti body expression vector pETR1520.
Assay details are described in Mterpals and Met hods section of Exanple 1.
[0069] FIG 30. FcgammaRI Il a receptor binding of chineric anti-CD20

ant i bodi es gl ycoengi neered by expression in HEK293-EBNA cells of a nucleic

aci d encagi al\/aglg L I g e Il catalytic
dormain i g@?"(}?al ize V%Xt @é I\%ﬁﬁgg%c?&fg%%#%%wgﬁﬁé%%a@?%her e the
Manl | - GnTl | | pBERBEBHG). nucl eic acid is expressed either on its own (antibody
Cort) or 5 expr i\n ang] [ i I ] r wwth a
nucl ei c a[((:)l ) encg%?ﬁ% (baar?ltdllﬁ( Crr%:*p?%%%n?%%?%er@%@#&%%ﬁé@gmi nant C2B8
anti-CD20 chiAand&alh@). anti body ("Cwmt ") produced in HEK293-EBNA cells
transf ect W th j body expression veetorpETRLS The bj ndi ng assaywas
per f or rreolﬁg@] descﬁlﬁ{#é‘d in thé° %&?&aﬁ’?g&nﬁpﬁ%@ﬂ%@ngéB?I?DSir?n f Example 1.
Human NK cel | antibedyppredsied th thegrassneehf biManhesidisé D endiblatitepercestagdsace wer e
i sol ated from g, donor of enp e, known .not_to oduce FcgamaR | c
receptor (i. e9&%%&’5@90{8%“%%?0“&&%8%%8E?/B?ngfh?ftb%ﬁ’?‘{’%%nt ains an in-frane
fslt op codqooi t hi n ¥iges3sKagaaBRI I@lti)go@aﬂh'aa@' e S QEMBECEY . aﬁeaﬁeml izo (rjrean ]
uorescence intensity,. asuyed , FACS wusjing .an FI TC- ed anti-human
| gG ant i body F’PBM‘%“P rpé%é‘@gi‘ﬂﬁ‘ﬁﬁmﬁ?’i’éw ﬁ?nﬂf?teingéﬁ%gﬂint ant i body
bound to the Mg releliveperddhtagtsdOthe SthRfkes Sound adsbdified taths &Y pdron of the
gahmaR | | a-speci fic. as dempnstrated by use of a colrlw_geéi.ng . FogammaRI | |

as speci fi ¢ anfitibady Qliegsasehnride aafilepsitsr PHGysel (4kppg En qigestion.

Conpl enenberspdi at egfGeiet ot oXxiaatibody @hodGiud e tHeGraatick vERRPnnadMakddi es

gl ycoengi neered by expression _in HEK293- EBNA cells of a nucleic acid
encodi ng a Naﬂ\dﬂlﬂﬁﬂqdﬁ tg the FEYRIJS! 55aior itk hishpreatiinity thandhe wild tst al yti ¢
domain is | ocglihe@es. via the Manll Gol gi | ocalization domain, where the

Manl |- GhTll1-encoding nucleic acid is expressed either on its own (antibody
Cbrt) or [0076] FIG 37. Antibody-dependent cellular cytotoxicity mediated by

glycoengineered chimeric anti-CD20.

DETAILED DESCRIPTION OF THE INVENTION

{0077] Terms are used herein as generaily used in the art, unless otherwise
defined as follows.
}
( [0078] As used herein, the term antibody is intended to include whole antibody

molecules, including monoclonal, polyclonal and multispecific (e.g., bispecific)
antibodies, as well as antibody fragments having the Fc region and fusion
proteins that include a region equivalent to the Fc region of an immunoglobulin.
Also encompassed are humanized and chimeric antibodies.

i0079] As used herein, the term Fe region is intended to refer to a C-terminal
region of an IgG heavy chain. Although the boundaries of the Fc region of an
IgG heavy chain might vary slightly, the human IgG heavy chain Fc region is
usually defined to stretch from the amino acid residue at position Cys226 to the

carboxyl-terminus.



co-expressed in the antibody producing cells together with a nucleic acid
encoding Mani (Cm). Om is the unnodified, reconbi nant C2B8 anti - CD20
chinmeric 1gd antibody ("Cm") produced in HEK293-EBNA cells transfected

wi th anti body expression vector pETR1520. -25- [0071] FIG 32(A-O).
Expression vectors pCLF9 (A), pETR1842 (B), and PpETR1843 (C). [0072] FIG 33
(A and B). Expression vectors for fusion protein Manl-GlT (A) and Gaff
(B). [0073] FIG 34. digosaccharide pggpfile of an anti-CD20 nonocl onal

anti body produced in the presence of a-Mnnosidase Il and relative
percentages of the structures found associated to the Fc portion of the
ant i body. 74] n 0 Of | an anti - CD20
nonocl on Pdsgﬁtl bodépro% éﬁgﬂl %e?rm eoge%gﬁm?{{oﬂtge u5|6J of'ein Manl|-GalT
and rel ative p@nmgtoéglessuﬁendtrbtosucmgumﬂwcmmng alﬁdio@m@dafm the Fc

portion of th ant Qi arni il.es fter PG%;eF(A) and
EndoH (B) di gg%%g%)or? Af (%H?Jé'fl %%%%gégwﬂp]tals E’)oc?n%&rmﬁ%% eda?q’i’s resence of
a- Mannosi das epiotiuce( Mbstithtiors] ndiitidm, bhdelbtons tut Avitielc @ptwst dectehsehi gher

affinity than i bodi e 76 G body- dependent
cel : u: a)r/ cyt of 5?&’&%,\41@%%?@?@3 I éBlé%q é‘lﬁd@}f “ct??-'ﬁ%éfﬂeh ?/ CDgo.
DETAI LED DESCRufhldsGivtibddy Ideperidb bRl LNy o). angﬂ@ odéetmbBRr ei n as

i.ne

generally used jn the a SS o erwi se _def s_follows. [0078] As
used herein, EHEOAE %ﬁaﬁh?ﬁﬁ%‘{/ﬁ?’%*ﬁe ETRIRY OF G-tTEyus oENSFOPECRR! | body

g_ol ecul F:_s, ) i n@wﬁigﬂ;ggmnmhmeadlslr.zbmhmés@gﬁdéoza@mf ﬂm&dohsﬁﬁ;ﬁlv&h&ts(ﬁ gF,

I SpeciticC ant] bodi e as . we ant oay ragnents aV|ngt e ereg|0n
and fusion pFB‘f‘é‘iSﬁ?“Fi%ﬁ‘m‘idﬁ’élt%%Fé‘er& rPE@h?ﬁ'“éI&] @'g?"e"’ﬁl‘o hayempampde 1 egi on of an
i mmunogl obul i gffect M &AVRNICEED3ES Bawal £ U urdNEzeMke 247013051 1RI9gp).ant i bodi es.

[©0079] As used herein, the termFc region js intended to refer to a
@t er mi ndP%8} egi orfiof usgd | BeiReady }gﬂ%ﬂ n PORPIPHER g PHE bB(IrBdY-i es of the Fc

region of an geepylglucosaminyltransferase I activity” refers to fusion polypeptides that are

able to catalyze the addition of a N-acetylglucosamine (GlcNAc) residue in $-1-4 -
linkage to the p-linked mannoside of the trimannosyl core of N-linked
oligosaccharides. This includes fusion polypeptides exhibiting enzymatic activity
similar to, but not necessarily idemtical to, an activity of B(1,4)-N-
acetylglucosaminyltransferase ITl, also known as B-1,4-manmosyl-glycoprotein 4-
beta-N-acetylglucosaminyl-transferase (EC 2.4.1.144), according to the
Nomenclature Committee of the International Union of Biochemistry and
Molecular Biology (NC-IUBMB), as measured in a particular biological assay,
with or without dose dependency. In the case where dose dependency does exist,
| it need not be identicat to that of B(1,4)-N-acetylglucosaminyltransferase III, but
( rather substantially similar to the dose-dependence in a given activity as
compared to the B(1,4)-N-acetylglucosaminyltransferase HI (i.e., the candidate
polypeptide will exhibit greater activity or not more than about 25-fold less and,
preferably, not more than about tenfold less activity, and most preferably, not
more than about three-fold less activity relative to the PB(1,4)-N-
acetylghicosaminyltransferase I1I.)

[0082] Asused herein, a fusion polypeptide "having B(1,4)-galactosyltransferase
activity" or “having GalT activity” refers to fusion polypeptides that are able to
catalyze the addition of a galactose residue from UDP galactose to the non-
reducing terminal GlcNAc found in N-linked oligosaccharides. This includes



| gG heavy chain mght vary slightly, the human IgG heavy chain Fc region is
usual ly defined to stretch fromthe am no acid residue at position Cys226 to
the carboxyl-term nus. -26- [0080] As used herein, the termregion

equi valent to the Fc region of an i munoglobulin is intended to include
naturally occurring allelic variants of the Fe region of an imunogl obulin
as well as variants having alterations which produce substitutions,
additions, or deletions but which do_ppt decrease substantially the ability
of the immunoglobulin to nediate effector functions (such as antibody
dependent cel | ul ar cyt otoxicity). For exanple, one or nore amno acids can
be deleted fr t he or C-termnus._.of, th reali on, of an

i mrunogl obul i ﬁ{ﬁw tpﬁ%?pusﬁsoxgl %nga oaglga%?’b o]fntl)larlt%au{:?oﬁﬁ?: ?S(%rﬁly Such variants
can be sel ect éintat o, dhngtitiy @ﬂh&)@é&lﬂc‘@hﬁﬁaﬂem dlso knbemastUlR® as to have

mnimal effe ctiv Sci ence
247:1306- 10 (%\tﬁb@{ﬁﬂfoé ‘}rga}h@oaﬁgﬁflsﬁé%&@é) 24f1&§ "r?c?f&“ﬁp@pi‘-hede "havi ng
13(1,4)- N acsoiesddm@seshmies baed aitasfiohhll U?d%ﬁ'o‘f'ﬁﬁchefnﬁh?%‘hdto fusion
pol ypeptides that are able to catalyze the addition of

N-acet yl gl uco¥tachier BioleemaG-THBM s mer&slmﬁdlmwmpﬁkrdg@ogl@alwey,( 3-1i nked
mannosi de of AR, {&iﬂ%@ §¥épeﬁd%ﬁ<gyl.;ﬁ|{th%dsb{%ﬁ&9dos@h Ges. This

i ncl udes fusionpol ypepti des exh g enz ctivi ty SI mlar to, but
not necessar i Itynsed et ibealdentigal tanthafcef B(1t4)- gelfactsh%'émansf‘;m but rather

acetyl gl Ucosagqb%f_yug@%% ifie Mshet i< cgﬂloa%!gﬁl@%g%vsng as comp ared to

[ 3-1, 4- mannos protein 4 acet ni i ny “transferase (EC
2.4.1.144), aﬂ@tﬁ(&i“hgﬂlmﬁowmnsfmﬂnel greugaadidumpolypentide fwill Fezhibit er nat i onal

Uni on of Bi chﬂ% t}?d}gotnl}@éﬁ%%b%ﬁtﬁiﬂdﬁout Id\{g;e“@ geasured in a

V\grtl)cul ar ogi ca assay, or wt I(gllency In the case
ere dose dephontientold ldesestialyi and most prefeesbly, munmthﬂldmtﬂ;@le fold t hat of

13(1,4)- I\l-ace}egéc# %pd%?amg%ltﬁ Pﬁ)fﬁra@&glgiuc&'apﬂw ag}gfglrg&eﬁl(}substanti ally

simlar to the endenc I’n"a n-ac npared to the
13(1, 4) - \pegakt vyl gIBmatnmﬂdtormmha@ckahhMg4nucl§ot1detsh@1mmdﬁezkat e

pol ypept| de | l_ex S ter act Vlt an abqut 25-fold

| ess and, p\rl\lléofrermgqe %ﬁ ﬁﬂ@l’g ®R&F ug?%un St s?g ggf?s\e/‘fqty, and nost
pref er abI Y, nmenmn;mm:hmndeﬂhmuhetmmbendeodedumessfthe;pcblymic;eoﬁdﬂ Brtive to the
(3(1,4)-

identical to the reference sequence except that the polynucleotide sequence may
include up to five point mutations per each 100 nucleotides of the reference
nucleotide sequence. In other words, to obtain a polynucleotide having a
nucleotide sequence at least 95% identical to areference nucleotide sequence, up
to 5% of the nucleotides in the reference sequence may be deleted or substituted
with another nucleotide, or a number of nucleotides up to 5% of the total
, nucleotides in the reference sequence may be inserted into the reference
(, sequence. The query sequence may be the entire sequence shown in either FIG.,
24 or FIG. 25.
[0084] As a practical matter, whether any particular nucleic acid molecule or
polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to
a nucleotide sequence or polypeptide sequence of the presence invention can be
determined conventionally using known computer programs. A preferred method
for determming the best overall match between a query sequence (2 sequence of
the present invention) and a subject sequence, also referred to as a global
sequence alignment, can be determined using the FASTDB computer program
based on the algorithm of Brutlag et al., Comp. App. Biosci. 6:237-245 (1990). In



acetyl glucosam nyltransferase II1.) [0082] As used herein, a fusion

pol ypepti de "having/ (1, 4)-gal actosyltransferose activity" or "having

Gal Tactivity" refers to fusion polypeptides that are able to catalyze the
addition of a gal actose residue from UDP gal actose to the non- reducing
term nal GLcNAc found in N-Iinked oligosaccharides. This includes -27-
fusion pol ypeptides exhibiting enzymatic activity simlar to, but not
necessarily identical to, an activitygof 3(1,4)-gal actosyltransferase, also
known as UDP- (al : GIcNAc 3-1, 4-gal actosyltransferase (E.C. 2.4.1.38),
according to the Nomenclature Committee of the International Union of

Bi ochem stry I FH@M@ ABR a particular
bi ol ogi cal asggﬁuemaﬁ%%@%%%ﬁ%ﬁéé%ﬂe endgearﬁ%b% Ing'téﬁ Iclzdgge wher e dose
dependency doéd B4 sequendecarhecgmpaed beconmmng dato 'JE'SO b zgsulpf said

3(1, 4)-gal act t r to the
dose- dependen%gx%lﬁg‘g'{%%e\%lgﬁﬁﬂtl Vit {l/'geg{s]lﬂ%nor?g gt‘%ﬁ%ihi %L%erﬂsga nd

3(1, 4) - gal act G4pIDBanksdnareat ef ON/e sequbiives dardicullateepeparky pleptity cre-wi | | exhi bi t

more than apbitrHRgy Febdon R Fedel BRBC St ot e han

about t hr ee- f Blafdonligsion a@rbups Léngtt=6) Gﬁtbﬂ‘GScbm"l J@ap Penalty=5, Gap Size

ool ynucl cot | dETRNDNS T EBTT e e raehotberebpoEsiiEiy) & oso;

"identical" tehixhewt arsaote. nucl eot i de sequence of the present invention, it

is inten hat t nucl eoti de seguen e t he ucl eotjide is identical

to the rg[ﬁgqsince sﬁﬁ??é‘ﬁ@ggé%g?ﬁf ‘SFﬂ‘H&“-‘ 'E‘ﬁ‘e f)%‘f%ﬁg'l‘eé%? eﬁ%“%%tl(fu‘gnce may

i ncl ude up to3fdeleﬁo¢sond1naemﬁea>tfinwﬁ&1Wnoﬁ@@hlaﬂmcmh@ﬁmsd&&m% t he reference
ot i de sequence. er o Lo _obtain a ucIe {ide having a

rgcl eoti de segifgﬁ?éulﬁt )é‘ﬁgﬁq 143 progzmdog Oél"‘ gcﬁngoti de

sequence, up 3tumbiEdak of e sﬂbdet%@ﬁbﬂﬁSwﬂeﬂ cafbﬂaﬁ@fpefdeﬂqemﬁ@qtmce may be

del eted or substituted wth another nucl eotide, or a nunber of nucl eotides

up to 5% of t BEichieqyences fRneaiediahs Siop3" ends. relating o theguausrgumee thiny be i nsert ed

into the ref epgp&e idehtiasUaRERd b}emcmu@igmeaﬂ;ﬁeee@ba&yobﬁletqneyentl re

sequence shown in either FIG
sequence that are 5 and 3' of the subject sequence, which are not

matched/aligned, as a percent of the total bases of the query sequence. Whether a

nucleotide is matched/aligned is determined by results of the FASTDB sequence

alignment. This percentage is then subtracted from the percent identity,

calculated by the above FASTDB program using the specified parameters, to

arrive at a final percent identity score. This corrected score is what is used for the

purposes of the present invention. Only bases outside the 5' and 3' bases of the

_ subject sequence, as displayed by the FASTDB alignment, which are not

(_ } matched/aligned with the query sequence, are calculated for the purposes of
manually adjusting the percent identity score.

{0086] For example, a 90 base subject sequence is aligned to a 100 base query

sequence to determine percent identity. The deletions occur at the 5’ end of the

subject sequence and therefore, the FASTDB alignment does not show a

matched/alignment of the first 10 bases at 5' end. The 10 umpaired bases

represent 10% of the sequence (number of bases at the 5' and 3' ends not

matched/total number of bases in the query sequence) so 10% is subtracted from

the percent identity score calculated by the FASTDB program. If the remaining

90 bases were perfectly matched the final percent identity would be 90%. In



[0084] As a practical matter, whether any particular nucleic acid nolecule
or polypeptide is at | east 80% 85% 90% 95% 96% 97% 98% or 99% i dentical to
a nucl eoti de sequence or pol ypepti de sequence of the presence invention can
be determ ned conventionally using known conputer programs. A preferred

met hod for determning the best overall match between a query sequence (a
sequence of the present invention) and a subject sequence, also referred to
as a gl obal sequence alignnent, can _bg determ ned using the FASTDB conputer
program based on the algorithmof Brutlag et al., Conp. App. Biosci.

6: 237-245 (1990). In -28- a sequence alignnent the query and subject
sequences are : - . red by
converting U,gﬁgggfggﬁﬂgﬁgﬂﬁgggﬁ@e% Eg%gm%gﬁ@%§f§§g§3§ﬁ%§§§¥83nnent isin
per cent i dent iseqnender hie lime thedaletons teiemaldelefions so thEABTOBe ad bagesrent of DNA

lcul, identity.are: _Matrix=Unitary, Kk-tuple=4,
M Smat o Penal Byl 05 R s besarassorti e s sk Bhetes B weent o,

Cut of f Scor e=lguer§gan tReradettysrercefibifentitzalcuided aly PASTDBSs nMnngloslySi ze=500 ort he

| engt h of the subject nucleotide sequenc 1 chever is shorter. [0085] If
t he subj ect sé’&‘ﬁ?ech%eb?‘ée @ﬁ@r@&%afﬁgﬂmﬁﬁé’?&ﬁé‘%ecg%eﬂﬁ@ﬁ%gﬁ‘ﬁéﬁrﬁﬂgte of 5 or 3
del etions, notmdahedtisRedwvith teQuasseqiedce bicanamaldy dstreited fof. ONG 6tk On nust be
made C to the results, This is bgc use the FASTDQ%Ero%ran1does not account
for 5 and 3' TAPHEHECIFICHARS g togppde %@r@@fmgf‘é@é@ﬁ@ées S EA0cul ati ng per cent
identity.[ob®m SubRBeG@HoSBEHEAOEREnd LEAGAS 85 SkudnBeatTeash Forkxafiplds, relative to
t he querysequence, the ~percent identity is corrected by calculating the
nunber of bas@éﬁofdepﬁ@l A érapery SBYRL IS UYRee 8riBe BresBhBvVItopiit fhe subj ect
sequence, Whi Gherle® thatthe aklikb GHIE dékndd REthe s@fecBp il PiepBil is Menfidaftot Ot al bases of
tfe huery sequence. Whether a nucleotide is natched/aligned is deternined

by results of GeEemASREIsesEFREheEshe siipq APRPldeTRAnFIPRERERGEP s t hen
subtracted fr @i teniRChciEMteraiofiYet tath 100°RhiRAA R Y ubemiaya FASTDB
program using the specified paraneters, to arrive at a_final percent

i dentity scor &equeeshoder werdsdo hinp apelypeptidethayise ywasung asid seqnencepur poses  of
the present i VMentIdfigefdthito B ang:rjl&e djs%gl_ﬁbc%&éﬁ) tg%wof%e Bagasiqof the

subj ect sequence, as displayed by t FAS nment, which are not
residues in the subject sequence may be inserted, deleted, or substituted with

another amino acid. These alterations of the reference sequence may occur at the
ansino or carboxy terminal positions of the reference amino acid sequence or
anywhere between those terminal positions, interspersed either individually
among residues in the reference sequence or in one or more contiguous groups
within the reference sequence.
[0088] As a practical matter, whether any particular polypeptide is at least 80%,
_ 85%, 90%, 95%, 96%6, 97%, 98% or 99% identical to a reference polypeptide can
(_ ! be determined conventionally using known computer programs. A preferred
method for determining the best overall match between a query sequence (2
sequence of the present invention) and a subject sequence, also referred to as a
global sequence alignment, can be determined using the FASTDB computer
program based on the algorithm of Brutlag et al., Comp. App. Biosci. 6:237-245
(1990). In a sequence alignment the query and subject sequences are either both
nucleotide sequences or both amino acid sequences. The result of said global
sequence alignment is in percent identity. Preferred parameters used in a
FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2, Mismatch
Penalty=1, Joining Penalty=20, Randomization Group Length=0, Cutoff Score=1,



mat ched/ al i gned with the query sequence, are calculated for the purposes of
manual | y adjusting the percent identity score. [0086] For exanpl e, a 90 base
subj ect sequence is aligned to a 100 base query sequence to determ ne
percent identity. The deletions occur at the 5° end of the subject sequence
and therefore, the FASTDB al i gnnment does not show a matched/alignnment of
the first 10 bases at 5 end. The 10 unpaired bases represent 10% of the
sequence (nunber of bases at the 5 apd 3' ends not matched/total nunber of
bases in the query sequence) so 10%is subtracted from the percent identity
score cal cul ated by the FASTDB program If the remaining 90 bases were

perfectly nat Wi !Egﬁgt -29- anot her
exanpl e, a 90 base su E%@@heﬁﬁéﬁﬁ%@Pls ﬁpa?ﬁgghg@ﬂgﬂ%gg%mgase query
sequence. Thi &z¢=rSﬁQottheledgh efth@subjeatraaunaﬁcﬂirsa@ien@beWhEhmss sworehat there are
no bases t he or 3 t he.subj e nce whic not

nat ched/ éqogg]ned Wi ﬁletsﬂl%lw Pﬁ?é’?lﬁ?‘?’ i85 ﬁ ljttﬂ%émzléqaé"efyhsgq'be@?e ‘;e]"}?t Oﬁa’@ﬁt ity

CaldCU| at fed EyCMdel&oﬁQhoﬂmu&ldf;ﬁtemﬁﬁ&ﬁhﬁ,dm@iﬂh gc/»m@:al br[hmé@m yhbaﬁes 5

and 3' of t iC mat c aligned with the query
sequence are ee%ﬁﬁ%@@ga“@awmeﬁﬁﬁggﬁbﬁrwwgwa P“ﬁ@?g@@Fions are to
made for the ﬂauwcmﬁsc-w‘mﬁnmemﬂfcmmof uﬁm@umqueh&)&i{e}n &Jcudatin@! ypepti de

havi ng an am cid sequence at, least, for exanp 95% "identical” to a
query am no a@?‘?f? RREN et EoF JEB?SE%‘E’H"EGSP'H%WF ‘&L\ (s/te“i“ﬁ’eended that the

amno aci d seguanss tief ué@@et%&%&ﬁépe%hﬂ@&ﬁ 1§i&)de§tedﬁiﬁ€hldu&ﬁhgﬁl@ the query
sequence except that t e subj ect pol ypeptide sequence nay include up to

five am no acierbsr phiesidres ¥ Breuenatcatoned hahith S aidds tegminahef Heery ani no aci d
sequence. In s,%je@trse%m&& whicf a%@o@h&cﬁ@ihéﬁ%@@c&%@dﬂ&n@@u@é& no acid

s(fequ)ence at | east %identical to query am no acid sequence, up to 5%
the anino Je€fiene, %eﬁtﬁ@@fﬁ?tqtﬂ@a%ﬁf%%ﬁ“%éﬁﬂ@ﬁ% Whephasaresidger t ed, del et ed,

or subst i t Ut ednpichbywiRelb8krditicnty G of EBFASTORS uéﬁaegﬁgfme&.the ref erence

sequence may occur at the am no or carboxy term na ositions of the

reference am ﬁbls@éﬁcﬁlt%q%@ﬁ%ﬁlbéﬁctedafmmﬂ?@mémﬁétlméﬁ, ﬁﬁﬂﬁéféecﬂéfrthﬁ nal positions,
|t er sper sed seldeAsingiduAhify s BInLERaa D AR 4 gupnCe Sequence

or in one or nore COﬂtIgUOUS g Wi t hi the r erence sequence.
percent identity score. This percent identity score is what is used for the

purposes of the present invention. Only residues to the N— and C-termini of the

subject sequence, which are not matched/aligned with the query sequence, are

considered for the purposes of manually adjusting the percent identity score.

That is, only query residue positions outside the farthest N— and C-terminal
residues of the subject sequence.

[0090] For example, 2 90 amino acid residue subject sequence is aligned with a

100 residue query sequence to determine percent identity. The deletion occurs at

(_ _ } the N-terminus of the subject sequence and therefore, the FASTDB alignment

does not show a matching/alignment of the first 10 residues at the N-terminus.

The 10 unpaired residues represent 10% of the sequence (number of residues at

the N— and C- termini not matched/total munber of residues in the query

sequence) so 10% is subtracted from the percent identity score calculated by the

FASTDB program. Ifthe remaining 90 residues were perfectly matched the final

percent identity would be 90%. In another example, a 90 residue subject

sequence is compared with a 100 residue query sequence. This time the deletions

are internal deletions so there are no residues at the N— or C-termini of the subject

sequence which are not matched/aligned with the query. In this case the percent



[0088] As a practical matter, whether any particul ar pol ypeptide is at |east
80% 85% 90% 95% 96% 97% 98% or 99% i dentical to a reference pol ypeptide
can be determ ned conventionally using known conputer progranms. A preferred
met hod for determ ning the best overall match between a query sequence (a
sequence of the present invention) and a subject sequence, also referred to
as a global sequence alignnent, can be determ ned using the FASTDB conputer
program based on the al gorithm of qugﬂag et al., Conip. App. Biosci.

6: 237-245 (1990). In a sequence alignnent the query and subject sequences
are either both nucleotide sequences or both am no acid sequences. The

result of said, glob sequ lignment j.s in rcent identjty. Preferred
par aneters us@jagti“ﬂc CUJF—‘F&g%b%ﬁP o‘s_geﬁla bﬁ‘?ﬁfﬁ& ardc® R PRFPAM 0,

k-tupl e--2, Mdimat shitions oakilymt N— 46 Oidd@inRrdnds @ﬁfcﬁs?s,@bjeaaa?;@ﬁee,z@tl on G oup
Lengt h=0, Cutqff Score=l, -30- Wndow Size=sequence |ength, Gap Penal ty=5,
Gap Si ze Penafiplayedgs thafiA3idoR alummeniswbich are ok matshed/Higged Wilehsubj ect ani no

aci d sequence qutihgIes areln®m8A B doBboted 100 8/ othdr ABa1SHRESELs SegUence i s
shorter than the query sequence due to N or C-termnal deletions, not

because of i nbemad fortepiperes of the pgrbinvendPRect i on nust  be made to the
results. [P}yyﬁ; is bﬁ&&@&ﬁer&iﬂ%nﬁéﬁggﬁd&ﬁp%ﬁ{ﬁﬁz@ﬁﬁeﬁﬁﬁnﬁﬁﬁ Ils..for N- and
ca cu|at

C-term nal truncations of the subject sequence when l'ating gl obal
percent ident it § nugleie acidojeaenncs efjtheriavention; ueferstte palynuplsotide thatd C-termini

relative to t e . . | I IS . ted by
calculating t rﬁ#ﬁ%ﬁg@l%#Bﬁéﬁwgﬁggwgﬁf%ﬁgﬁ33%?9&%§§ﬁgﬁg§3%E@% are N and
C-term nal of fdrremideuiy BRE (Bequidrida], Tshinbhscdiven vichte)yad eidddbditmgned with a

Ege?§SEZSSL28@50%8&?2%@?-@?%@%’%@0@ o ReiEm e P20elBm ned by
resul ts of théenkthEiDBesred snoespatm DAL fllowed by gaghéifgalenfilegein 0dxt hen

subtracted fr th ercent identity, calculated by the above FASTDB
program usi nggg‘}:\é "g’ﬂgtcésfé'ed paranmeters, to arrive at a final percent

identity (geyaye. ThAsuseil BetkinPBE ERRAIGIIE eRtulitNion G kéferdhpthe ifiinsed for the
pur poses of the present_invention. ly residues to the NN and CGtermni of
the subject ¥adtrarrree ofp{ials residsntpslyperside Whigh iiresgansiblador #ekg@Equer y
sequence, arejt izopSHiER vAithif Be &I BSHROS © GeRbralR Uik MioA Hortilns Ng t he per cent
dentity scor Sdmprise amino terminal "tails" of an enzyme. .
[0093] As used herein, the term effector function refers to those biological
activities attributable to the Fc region (a native sequence Fe region or amino acid
sequence variant Fc region) of an antibody. Examples of antibody effector
functions include, but are not limited to, Fc receptor binding affinity, antibody-
dependent cellular cytotoxicity (ADCC), antibody-dependent cellular
( ] phagocytosis (ADCP), cytokine secretion, immune-complex-mediated antigen
- uptake by antigen-presenting cells, down-regulation of cell surface receptors, etc.
[0094] As used herein, the terms engineer, engineered, engineering and
glycosylation engineering are considered to include any manipulation of the
glycosylation pattern of a paturally occurring polypeptide or fragment thereof.
Glycosylation engineering includes metabolic éngincering of the glycosylation
machinery of a cell, including genetic manipulations of the oligosaccharide
synthesis pathways to achieve altered glycosylation of glycoproteins expressed in
cells. Furthernmore, glycosylation engineering includes the effects of mutations

and cell environment on glycosylation.



That is, only query residue positions outside the farthest NN and C-term nal
resi dues of the subject sequence. [0090] For exanple, a 90 am no acid

resi due subj ect sequence is aligned with a 100 residue query sequence to
determ ne percent identity. The deletion occurs at the N-term nus of the
subj ect sequence and therefore, the FASTDB alignment does not show a

mat chi ng/ al i gnnment of the first 10 residues at the NNterm nus. The 10

unpai red resi dues represent 10% of t sequence (nunber of residues at the
N- and C ternmini not matched/total nUrfiber of residues in the query
sequence) so 10%is subtracted fromthe percent identity score cal cul ated by

the FAS rogram |f the remaini resi dues re perfectly mat ched t he
final g{i@éﬁt | defid peeg IRt Gregermy C?lgc%’ﬁ@taﬁé (FEIHEr SYSB 1 esi due

subj ect seqURRS daf bs HERRER td\bchbraR lﬁ&%édegwc%%nggﬁwteﬁ@%&ﬁe This tine
the deletions are internal deletions so there are no residues at the N- or

Cternini of ﬁﬁgn@%p@zﬁphdegeﬁa@m@ﬁnﬂ@am&b@d}%@n@éwwﬁmsa agfed with the
query. In thi &s%ﬁﬁot%ﬂ? rzﬁslsa@@t me%st deﬁ@ﬂ&x}et%e&ﬁlaﬁfﬁhﬁ{eﬁ% Ry, rg§§STDB IS not

manual |y correcte Once a resid posi tions outS| e the N and
C-terminal enegimized lagelsef] &@dﬂ E@@f&el&ﬁcleclu@s:uh@he@pﬁﬂam hammiian FASTDB

al i gnment, whixgeaf CaBOkuolal eHRSILALY 8RR odlst R e ASivecieapgnee are

manual |y correcte mahual corrections are e made for the
pur poses of thyelomeswshs, A3X62 mdven myeDOR14elASPER edlsh @EBICH, cdlsmucl ei ¢ aci d

that "hybri d| dvpﬂlqg‘;lSts};%tgeqﬁ%seg%ﬁ%Eﬁfe&ﬁt}gﬁlf‘sqﬂ %{1‘ cc.c]h)? aﬁud sequence of

the inventi on, ers uc in an overni ght
i ncubati on at alé@ceﬂsmm;aissdﬂdﬂnmmmmgnmmmahm%cmmﬁmmﬂmd@plaﬁx SSC (750 M
NaCl, 75 nM S?dinﬁn ICEIJ rate), 50 mM sodi um C phosphate (pH 7.6), 5x

nhardt's solution Y% dextran sul fate, and 20 g/m denatured, sheared
sal non sen9s] DNA, Aoﬂedvimchirbythe/\/&s-Mi ﬂgmedle.‘edl icbltzédr&:ﬂtdﬁozﬁ)mdy)dnclﬁﬁ@ at about 65C.

e &e:zsgznfsrs.e
for anchori ngsohitle |Pn-ﬂ1m:apnomm w:itdilm:ﬂg tahmrﬁnl Ep-regmfrpltax anGam&maI ly,
localization domal N3 1ea303R the Fs T A0utods ThedRed cehd by hudin S S02Y M-
effector cells”, wherein:
[0097] . The “human immune effector cells™ are a population of leukocytes that
display Fc receptors on their surface through which they bind to the Fe-region of
antibodies or of Fe-fusion proteins and perform effector fimctions. Such a
population may include, but is not limited to, peripheral blood mononuclear cells
(PBMC) and/or natural killer (NK) cells.
[0098] The “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 Fe region.
[0099] As used herein, the term increased Fe-mediated cellular cytotoxicity is
defined as either an increase in the number of “antibody-targeted cells” that are
Iysed in a given time, at a given concentration of antibody, or of Fe-fusion
protein, in the medium swrrounding the target cells, by the mechanism of Fc-
mediated cellular cytotoxicity defined above, and/or 2 reduction in the
concentration of antibody, or of Fc-fusion protein, m the medium surrounding the
target cells, required to achieve the lysis of a given number of “antibody-targeted
cells”, in a given time, by the mechanism of Fc ~-mediated cellular cytotoxicity.

The increase in Fe-mediated cellular cytotoxicity is relative to the cellular



[ 0093] As used herein, the termeffector function refers to those bi ol ogi cal
activities attributable to the Fc region (a native sequence Fc region or

am no acid sequence variant Fc region) of an antibody. Exanples of antibody
effector functions include, but are not limted to, Fc receptor binding
affinity, antibody- dependent cellular cytotoxicity (ADCC),

anti body- dependent cellular phagocytosis (ADCP), cytokine secretion,

i mmune- conpl ex- medi at ed anti gen uptq§§ by antigen-presenting cells,
down-regul ation ofcell surface receptors, etc. [00941 As used herein, the
ternms engi neer, engineered engineering and egcosyIation engi neering are

conS|deredt0|n ul ati ft ) attern of a
natural |y occu¥tP ﬁtf 81 %@g? gpe ﬁ%gﬁﬁ)éﬁf p? ﬁ‘éigaéi"%ﬂé“vf&}‘&gﬁau on

engi neering i il sathesypeedfdost dells, @sigg teakind gtandard frodgtiye gaitickioan machi nery
of a cell, u tic ni ions of the coh ride synthesis
pat hways t o a%mg%%fdg‘%é%ﬁe&”&@ggyﬁﬁﬁ“ﬁfn@W’é‘?)‘%i‘llfgéﬂ garh ‘ﬁr essed in
cell's. Furthemuprigs gty 6&mYy btned BN GHoke ENsN endimketed RS ekfressetfeect s of
nmutations and cell environnment on glycosylation. -32- [0095] As used

herein, the t&8hResEEnsterssq Gxldliby dhe QQFHEFC’é‘i’edé’élieiml ar system whi ch can be
engi neer 36160‘]) geneﬁ?taﬁn%phéﬂzr%qn&k&fsﬁgaﬂf%? Qgpeﬁe%c%ll%r @9&53&5!}1” fragnents,

or peptides of interest, 1ncluding antibodies, antibody fragnents, and

fusi on prot ei MDCEYisimeant §n antihedyhsying dasreasedndlEC ve determirgdd 2y e d to expr ess
optim zed | ev%&bﬁfme@b'ﬁk%wﬂ'ii&%ﬁos&&*oiﬁna‘rf‘ﬁéﬂ‘ﬂ%e%‘ bHE ﬁﬂeﬂi&i ih Ditro®:

manmal i an cultured cells, such CHO cells, BHK cel NSO ceI I s SP2/ 0
cell's, YO nydDSiqasssisesfobeys3 m)use nyel oma cells, PER cells, PER C6 cells

or | hybri doma cell b yeRStssfRlbtrge B9 tnaf ReliGow il ﬁL@EGQ§F4tS to nane

ly)a few, but al’so cells conprised within a transgenic an transgenic
pt ant or cultentm@npqcamzedcbwﬂmnmmmegmmmeqm Yused herein, the term

Fe- nedi at ed cel | ul CYhOL {,qisgsyhh]g&i ;éegﬁﬁﬁmﬁ 6&&0%11611%91‘%%}(1 @% cel I ul ar

cytotoxicity and c IIuIar cytotoxicity -fusion
protein cont a[RBM@S)alShIQMﬁOEdﬂQUégifera.ndti:nﬂywbommhmailﬂmd@or,meeﬁ@mrsm | eading to
the lysis of ;equli body-targeted cells" by "human i mmune effector cells",
wher ei n: ’

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 10° cells/ml in RPMI cell
culture medium;

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, iabelled with 100 micro-Curies

‘ of *1Cr, washed twice with cell culture medium, and resuspended in cell culture
(_ ) medium at a density of 10° cells/ml;

iii) 100 microliters of the final target cell suspension above are
transferred to each well of a 96-well microtiter plate;

iv)  the antibody is serially-diluted from 4000 ng/mli to 0.04
ng/ml in cell culture medium and 50 microliters of the resulting antibody
solutions are added to the target cells in the 96-well microtiter plate, testing in
triplicate various antibody concentrations covering the whole concentration range
above;

V) for the maximum release (MR) controls, 3 additional wells

in the plate containing the labelled target cells, receive 50 microliters of a 2%



[ 0097] The "human i mune effector cells"” are a popul ation of |eukocytes that
di splay 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 Iimted to, peripheral
bl ood nononucl ear cells (PBMC) and/or natural killer (NK) cells. [0098] The
"anti body-targeted cells" are cells bound by the antibodies or Fc- fusion
proteins. The antibodies or Fe fusiomgroteins bind to target cells via the
protein part N-terminal to the Fc region. [0099] As used herein, the term

i ncreased Fe-nedi ated cellular cytotoxicity is defined as either an

increase in tr\gw@lgq&% s antd hody-. élp? re.~lysed ina
given time, at a’gi ve%S gfg()l%%dgln{’flr%%ﬁ%mné g?g%ﬁm%ﬁsg% 0 tslt—'?-o(fgll%i on protein,
i n the nedi umnsteed ofiidintijodyeelution {peint ¥edbbws); by t he nechani sm of Fc- nedi at ed

cellular cytotoxicity fin bov [_adeduction in.th

concentration of anti bggy, g’?t%f?g-&%%?%{ne%ﬁeo ngﬁr??n?ér%s’{}h%dgwgﬁaﬁum sur roundi ng
the target cekllsin theerjate caedaihing sieatellel tapet defls,irscedfe @ microlirrsrofnber of

"anti body-tar d.cells" ..in,a gjven ti. by .th chani sm of Fe

-medi at ed cel ?‘Eﬁ?d tBtedRg LT Vsmgiﬁf G bﬁ%ﬁs‘;@%?ﬁ" E’é’g‘ﬁgﬁﬁ‘fe d cellul ar
cytotoxicity is relati wi)t othebe-wedhlidibtitér plateds theydentrididee httsyx oAl at ed by the

same anti body, or Fc-fusjon protein roduced by the same type of host
cells, using lﬂ’én“é%l‘?’r’g’%ct“hﬁa%ﬁga?ﬁw‘ﬁ&%ﬁon, purification, formulation and

storage methods, whichvane kn@ufolids SrtePBME kish@ioh (poidifabad)arebut - that has
not been produceg by hos

f (g%‘lyls epgi neered to. exrér_ess t he

gl ycosyl t ran_s?délF_ togagh el o _‘T‘Wé"’ Rrsgcel st ot g %@EP]ﬁﬁesfr_BlpO] By

anti body havi pigceid i irfinGi@ton Bhded SHC T i atGgPd eramotedt ot oxicity (ADCC)
i meant an antibody haying_i ncreased A as determ ned by any suitable

thod known to those & or@pfehHresupematant fpmeeach well wharvagddBted in vitro

ADCC assay i SihgexpimeBiBy rdidasbd) Cadfasiy UBRP il ffa88hed ihSa bidhaare known to
express the target antigen recognized by the antigen-binding region of the

anti body; 2) tHetelssay uses human peripheral bl ood nononucl ear cells
(PBMCs), isolated fromgbl oogle QbrcanthRNEHARLYEE ARRER ARBlIAYdRRRr . as effector

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
radioactivity quantified (see point ix above) for the SR controls (see point vi
above);

4) “increased ADCC” is defined as either an increase in the
maximum percentage of specific lysis observed within the antibody concentration
( | range tested above, and/or a reduction in the concentration of antibody required
to achieve one half of the maximum percentage of specific lysis observed within
the antibody concentration range tested above. The increase in ADCC isrelative
to the ADCC, measured with the above assay, mediated by the same antibody,
produced by the same type of host cells, using the same standard production,
purification, formulation and storage methods, which are known to those skilled
in the art, but that has not been produced by host cells engineered to overexpress

the glycosyltransferase GnTIIL
[01901] As used herein, the term anti-CD20 antibody is intended to mean an
antibody which specifically recognizes a cell surface non-glycosylated



cells; 3) the assay is carried out according to follow ng protocol: i) the
PBMCs are isol ated using standard density centrifugation procedures and are
suspended at 5 x 106 cells/m in RPM cell culture nedium ii) the target
cells are grown by standard tissue culture methods, harvested fromthe
exponential growmh phase with a viability higher than 90% washed in RPM
cell culture nedium |abelled with 100 mcro-Curies of 51Cr, washed tw ce
with cell culture nmedium and resuspeggled in cell culture nediumat a
density of 105 cells/m; iii) 100 microliters of the final target cell
suspensi on above are transferred to each well of a 96-well mcrotiter
plate; V) thenaphdpRey dS3SE00 Dalidsdipithiy dfaﬁ%[ﬂe@logsotﬁégﬁdﬂlantg 0.04 ng/m
in cell culture mediumand 50 mcroliters of the resulting antibody

sol utions ar e barhesyte eesioigied diffggentiaben agigeBphe copmpely|refiired tast er pl at e,
testing in tg@pgghi cate various antibody concentrations covering the whole
concentration range above; v) for the maxi numrel ease (MR) controls, 3

addi ti ondP10Z&| | s  The présent frivantwnddnsedionthadistoveryittabeigivedinganitpedy-cel | s, recei ve

50 microliter .a_ 2% - 34- epu: i gp i QRi.C detergent
(Noni det, Sig rof&ﬁg.?g_ %{%Su?os)eféryésﬁt@g% g#lg? ﬁpg’&yg’%?t?%og{/ OP{}tﬁ@n (point iv
abo;/ﬁ) ; ?/i % fecpet;:lgi.ec@pginy]amﬁﬂmelrliﬂl gktﬂ‘éu)( 8f[ﬁ)vitxcj@:qt alghxaﬁvﬁy,aﬁmgl-i onal . }[/vel |'s f
in the plate cgntainin « arget ce cei ve. mcroliters o
ron cel | eul EAPARUGb AT GATY doithpl 2 mel S e GO ¥ Lhove)
vii) the 96-wdbhainmiofa Gblgi esidémpelypeptiibemitantutivodigedithinci@sed Fig for 1 minute

and i ncubated_for 1. hqur A4C. vyi.ii) 5 1 croliters of, the PBMC suspension
(poi nt i abov’ée)cepe{ febmg‘é‘ e“g‘ti?‘(‘}’ ggl%ﬁmmr;eﬁsfdoteg‘m;%/ rebjﬂctéoﬁl‘ efbf]}ef’aaﬂeﬁ;f’ar get cell
rati o of 25: lamibddiedreitipineeassd efifetor filnati@echnd/or iatreasad Bb@taptor bindiag 5% CO2

qospher e at 31C Gor 400U S Xhe il ol S SRS NEL AL 7 om each wel |

expression of a nucleic acid molecule encoding a polypeptide having o-

Mamnosidase II catalytic activity. In preferred embodiments, the fusion
constructs having GnTIII or GalT activity are coexpressed with nucleic acid
molecules encoding ManTl or GnTIL
[0103] Accordingly, in one emnbodiment, the present inventton is directed o an
isolated nucleic acid comprising a sequence encoding a fusion polypeptide,
wherein the fusion polypeptide has B(1,4)-N-acetylglucosaminyltransferase HI
(GnTII) activity and comprises the Golg: localization domain of a Golgi resident
polypeptide. In a preferred embodiment, the fusion polypeptide comprises the
catalytic domain of B(1,4)-N-acetylglucosaminyitransferase II and the Golgi
localization domain is the localization domain of mannosidase II. In a forther
( ! embodiment, the Golgi localization domain is the localization domain of GalT.’
10104} Preferably, the isolated nucleic acid has the nucleotide sequence shown in
FIG. 24 and SEQ ID NO:14 In another preferred embodiment, the fusion
polypeptide  comprises  the  catalyic domain of  B(1,4)-N-
acetylglucosaminyliransferase Il and the Golgi localization domain is the
localization domain of B(1,2)-N-acetylglucosaminyltransferase I (GnTI).
Preferably, the nucleic acid has the nucleotide sequence shown in FIG. 25 and
SEQ ID NO:12. Alternatively, the Golgi localization domain of another Golgi
resident polypeptide may be used. In another preferred embodiment, the Golgi

localization domain is selected from the group comsisting of the localization



the experinentally rel eased radioactivity (ER) is quantified using a ganm
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
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 radioactivity quantified (seg_point ix above) for the SR controls
(see point vi above); 4) "increased ADCC' is defined as either an increase
in the nmaxinmm percent age of speci fi c lysis obser ved vvi thin the anti body

concentration ran [ or . the oncentratlon
of anti body re gﬁjd’?f)& FW ucos ﬁmﬁfe%?ﬂfﬂ@q Bnt age of
specific lysi mamimeﬁaseddan&thdibdmhziﬂnﬁ daﬁmbﬁdyﬁe&emﬁﬂmﬁm&ange t ested
above. Crea in, A | ativ to the ADCC, as red with the
above asggf'sf]nedi é'HUtBVD%@TéﬂPE %H‘F?b%ﬁ?rese“b%mééﬁcg‘% th@ Bane type of
host cells, uBblagdihtgeisane c&hﬁmﬁ@ﬂe@reﬁ@&tﬁaﬂea&des @?ﬁlgﬁdpﬁ@etﬂaeﬁ fornulation
and storage nethods, which are known to those skil in the art, but that

has not been (he8RHROAIARFIMES ShoWp IsFIGn &t ARETRRIR N\ Flprds®d t he
gl ycosyl t r ansggenas fdas e pletthPihdenfion B&%ﬂlﬁﬁa@ée@am‘é@@ce&ﬁ@ﬁ]c@ﬁﬁ' CD20

antibody is intended to nmean an antibody wh specifically recogni zes a
cel | surface FREHTEINECASSAARNER the5hybaﬁegﬁowe%qroﬁtengﬁnbfcoeeu@eowoal t ons,

typical |y desjgpalatodsobdise mgaﬁuﬁeqdeu&w@%)eheoﬁse&tquetneaeafdfaf erentiation

antigen Bp35, commonly referred to as CD éjgresent invention is

based on the W%@GV@WW%E]&G 8&@%@%@%@}0&&%&@@5 aﬁ@ﬁ@@ MP:Eel |s to express

a novel fusi ofnd@hYRRAL is derfla \diRled to! aftisobheddmiield 9&&%91% Lﬂ%/!it ransferase
Ig1 (GnTIIl) activity or, Iternatlve@éy/w- al actosyl'transferase
Y| Ba

(" GalT") act i \eauspoe atensti9hn 85 3966 Ohik b1 Pt identicaldothai n of a ol gi
L Ml

ID NO:12. In another embodunent the invention is directed to an 1solated

nucleic acid comprising a sequence that encodes a polypeptide having an amino

acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to

the amino acid sequence FIG. 24 and SEQ ID NO:15 or FIG. 25 and SEQ ID

NO:13. The invention also encompasses an isolated nucleic acid comprising a

sequence that encodes a polypeptide having the amino acid sequence of FIG. 24

and SEQ ID NO:15 or FIG. 25 and SEQ ID NO:13, with conservative amino acid

substitutions.

[0106] In another embodiment, the present invention is directed to an expression

] vector which comprises an isolated nucleic acid of the invention, such as those
- described above.

[0107] In a forther embodiment, the present invention is directed to a fusion
polypeptide having PB(1,4)-N-acetylglucosaminyltransferase III activity or,
alternatively, B(1,4)-galactosyltransferase (“GalT™) activity, and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide. In
preferred embodiments, the fusion polypeptides of the invention comprise the
catalytic domain of B(1,4)-N-acetylglucosaminyltransferase IIl. In a particularly
preferred embodiment, the fusion polypeptides further comprise the Golgi
localization domain of mannosidase IT or B(1,2)-N-acetylglucosaminyltransferase

I(GnTI). In an altemnative embodiment, tbe Golgi localization domain is selected



anti bodies wth increased effector function and/or increased Fc receptor
binding | | can be obtained by engineering the antibody-producing cells to
have increased expression of a nucleic acid nol ecul e encoding a pol ypeptide

havi ng a- Mannosidase Il catalytic activity. In preferred enbodi nents, the
fusion constructs having G1TlIIl or GlT activity are coexpressed with
nucl eic acid nolecules encoding Manf or GhTlII. [0103] Accordingly, in one

enbodi ment, the present invention is_girected to an isolated nucleic acid
conprising a sequence encoding a fusion polypeptide, wherein the fusion
pol ypeptide has P(1,4)-N acetyl glucosam nyltransferase Il (GTIII)
activity and npgLses t I 0 ol do n_of resi dent
pol ypepti de. nmgﬁeﬁg?@fgg%ggﬁ%k&h ﬁ%%iéﬁ% |§€hfFTmﬁ%ptrg§ conprises the
catal ytic dombdcaﬁzaﬁoxs(dbm&)m bE 8(:1e2)5N gletitgis@idniyyltriafedser send te and the Col gi
| ocal i zati on donm t he o ti domai n_of. mannosi das In a
further enbog‘?C P"n‘fmag é@wﬁﬁﬂ g’ﬁsﬁgﬁ’ﬁ ifpigngo W&pq%ﬁ%%ﬂ i zation
domai n of Gal The piéaéﬂﬁveﬂﬁ@freiﬁhlpyepaieheybmmgeﬂhamlalwdftmr&eﬁ}as t he
nucl eoti de sequence shown, in FIG 24 and SEQ ID NO 14 I n anot her preferred
enbodi nent, t F¥eRPRiHA mefiymundsh qopditiens 3Hpviasg diererpressitontyis elgisnai n of
(3(1,4)-N acetid efodm@ Al N fApehticane récb+erﬁgqma esidad0pdypeptiteal | zat i on
domain is the localization domain of 0(1,2)-Nacetylglucosanm nyltransferase
| (GnTl). Pré&perthyesultapieultfgc) ei ¢ acid has the nucl eoti de sequence shown in
FIG 25 gopbs; SEQ |'EheVrbsedtanvetiseik memem{aéed temERbdfor kAl Akl on domai n of
anot her | gi resident poly$ept| be used. In another preferred
enbodi nent, t E&cEyialon progieap Mplyewhéemmdﬁchsbymheetceﬂ PORIFSEEe gr oup
COI’ISI sting of jdl@udifCahd 22k 18 ce316a HORRI RiPbr vector of the invention,
ég(l 2) - N—acetylglucosan1 Itransferase I, the localization domain of

nnosi dase 1Prefmebly, e m m@mp@ﬁela&%@mﬁ@enmtﬂer@émnmeﬂmyl transferase.
[0105] I'n anophedsidy ef@k g}»el%g@oglleﬁgﬂ,ge dabes sgﬂg fa ‘éxﬂ é}gbfl s directed to
an isolated nuclelc acl conpr|S| se uence t a pol ypepti de
havi ng the apivsisig e Feqegpee I@hmﬂnerumefm@ mnhpdan@t,sgemomﬂﬁ@ 15 or FIG 25
and SEQ ID |solated
nucl ei c acidhgég%%??%$§ggkﬁ %g%gE%§§?H§§Qﬁ%gﬁﬁgﬁgégﬂﬁﬁﬁgféS |ngent
condi tions t oofahuman IgG.

[0109] The present invention is further directed to host cells comprising the

nucleic acids and expression vectors of the invention. In one embodiment, the
present invention is directed to a host cell engineered to express at least one
nucleic acid encoding a fusion polypeptide having §(1,4)-N-
acetylglucosaminyltransferase IIl  activity or, alternatively, p(1,4)-
galactosyltransferase (“GalT™) activity, in an amount sufficient to modify the
\ oligosaccharides in the Fc region of a polypeptide produced by said host cell,
(, ' wherein said polypeptide is selected from the group consisting of a whole
antibody molecule, an antibody fragment, and a fusion protein that includes a
region equivalent to the Fc region of an immunoglobulin. In a preferred
embodiment, the polypeptide produced by said host cell is IgG or a fragment
thereof. Most preferably, the polypeptide produced by said host cell is IgGl ora
fragment thereof. Alternatively, the polypeptide produced by said host cell is a
fusion protein that includes a region equivalent to the Fc region of a human IgG,

eg.,1gGl.
[0110] The modified polypeptides produced by the host cells of the invention
exhibit increased Fe receptor binding affinity and/or increased effector function



hybri di zati on probe the nucl eoti de sequence of which consists of the

nucl eoti de sequence shown in FIG 24 and SEQ ID NO 14 or FIG 25 and SEQ ID
NO 12. The invention is further directed to an isolated nucleic acid
conprising a sequence at |east 80% 85% 90% 95% 96% 97% 98% or 99%
identical to the nucleotide sequence shown in FIG 24 and SEQ I D NO 14 or
FIG 25 and SEQ ID NGO 12. In another enbodinent, the invention is directed
to an isolated nucleic acid conprisifig a sequence that encodes a

pol ypepti de having an am no acid sequence at |east 80% 85% 90% 95% 96%
97% 98% or 99%identical to the am no acid sequence FIG 24 and SEQ ID
NOLS Of Fl G ol BBl HE@rlddinchlidr Profhiifly) MY S 40N R SRR ERMRASSES an

i sol ated nucl & ¢ aci d conprising a seqaence at encodes "a p6l ypepti de

havi ng t he aniffinityd ivcrsmsegdiindiag 6f a Féy@cti@ing aaceptSEQchBs N@Fcilllar FI G 25 and
SEQ I D NO 13, eve/i tthr grgnsgrevaéiﬁe aﬂ'nn,g aci d gtjbsti tuti.ons. I;_10106] I n anot her
embodi ment, t FEH57e JBRPCIRTR RYTOER SIS HEiPEh R NGIPaR e TdR  Vect or whi ch
conpri ses an bfiht &lledingy itkehed aotitbdptedehdent telleht tyadtoxiats hefgsethose

descri bed above, [[0107] .1 further e ient, the present, invention is
directed to ami‘tl]j’g%1 ] epe%%ﬁ"g"ﬁ@b]ﬁHﬁlég%é\?flggﬁ%ﬁ?mmawpcm e secretion,
[i (1, 4) - N- aceinttegied omaie-complexanadifduttgeh hptaltbyiatidey psentingdetlgr nat i vel y,

1, 4) - gal act osyl t r.ansf er.as "GalT") activity, and.conmprj si the Gol gi
IDE)caI i)zgti on U6 eﬂaﬁﬁfmﬁfﬁﬂ@&%@%@&? x =g’in°freé§ilg’é‘%f“gp§?§!ﬁe°ﬁﬂgde. I n )
pr ef Frr_ed 3nbg@fea@?ugﬁgo(d]iﬂg?miij@m@sﬁﬁ%rm@pﬁ‘ﬁ'@g&?p&ylﬁ hdnﬁM%f;élllmn ?:orrpri se the
catal ytic domai.n qf. , 4) - - acet ucosani nyl t r ansf er ase . In a
parti Zul arl yn‘&mg@?ré?fe‘é @H$Wé‘|‘f¥“9%ftﬁén‘frﬁ"§%ﬁ¥¥°i§ targsbowngr t her conpri se
the Gol gi | ogmibbdiad, inefeastq ABEA si@ﬁaliﬁ@ﬁﬂﬁﬁﬁgda?ﬁ odid, irfeased dendriticcell
Q("l,)Z_)-I\I-acetyI l ucosam nyl transferase | (G1Tl). In an alternative
enbodi nent, tHé Bianfl fickppsed Ge8 @B n i s sel ected -37- fromthe group

consi stingiigf the mapadicaaly pereder@htdiRienTBRMOSKI A0S invdnfiShishocal i zati on
domain of P(1,2)- N—acetﬁl gl'ucosam nyl transferase |11, and the |ocalization

domai n of al CHOSHe2 B 2 N3 s¢lb 25820 citha YQ @yslemasrls diXbdes of the

present i nvenij,eR HRYonRfcd! £PRREZNDY PERICEYES BPa biGiddRE e Bd BeOf the present
invention in a nmediumunder conditions allow ng he expression of the
nucl ei ¢ polypeptide produced by said host cell is an anti-CD20 antibody such as IDEC-

C2B8. In another preferred embodiment, the host cell is the chimeric anti-human
EGFR monoclonal antibody C225.
[0112] In addition to comprising a nucleic acid encoding a fusion polypeptide of

the invention, the host cells of the invention may further comprise at least one
transected nucleic acid encoding an antibody molecule, an antibody fragment
retaining a functional Fc region, or a fusion protein that includes a region
equivalent to the Fc region of an immunoglobulin. In preferred embodiments, the
( | at least one transected nucleic acid encodes 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 3622W94, 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-



acid encodi ng said fusion pol ypeptide and recovering said fusion pol ypeptide
fromthe resultant culture. [01081 The present invention is further directed
to a method for nodifying the glycosylation profile of a polypeptide
produced by a host cell, conprising } introducing into said host cell a
nucleic acid or vector of the invention. Preferably, the nodified

pol ypeptide is 1gG or a fragnent thereof conprising the Fc region. Mst
preferably, the polypeptide is 1g3@, -3 a fragnent thereof conprising the
Fe region. In another preferred enbodinment, the nodified polypeptide is a
fusion protein that includes a region equivalent to the Fc region of a

human 1gG [ OLA8Y2 Theoay,es nti-highweidcuiwhighimidliddala MiccRehastides host cells
conprising the_nucleic acids and expression vectors of the_invention. In

one enbodi mentiMPREAA) asblibady, jany &l Floh gestioside candibodve 4 MBsEDéel | engi neer ed
10 eXpress al ghgfota-0BinoBHCkPini BH1 (2AH0HIO Gnioddy ENaRUARP! | de Navi ng
y

0(1,4)-N ace glucosam nyl transferase 111 activity or, alternatively,

[3(1, 4)- gal agangkssideraniieddyy apsanti(EGERVIE yntihedy, wh agti-infegrinantiedyian sufficient to

nodify the r q i . regign. of: p j.de produced by
sai d host cel ?J,n @@é@%@%ﬁﬁ%&%ﬁ%ﬁg@gh?ggy?g&ggaﬁgﬁ%ﬁﬁﬂgm the group
consi sting of MAUGIBehtibodyrn iattotymandlI3 ahigbody an snti-husod CIBE agibed,, and a f usi on
protein that j udes eghe.egul y:al.e the FC regi.c an

i mmunogl obul iénﬂ.~I na p?jel?@r%gg&yé%b%néi ment ,djtiﬁeag%%qd%’p%np%l?@m%%oduced by said
host cell is CBE otibady, eragiehniman Ché B &xatibodybmtaniphehar A YR vahant pol ypept i de

produced by sai.d host cell sl Q. fragnent t rec%. Al ternatively,

t he pol ypepti gg%c%oaﬁ(?%tahwms%?%o @boggﬁna}ngr}gma? sr%ﬁn P%?’t’él?n t hat

i ncl tdj)des a r egitidueg NUGH entibokip, dnheati-hemaeNiTI1 afre profeimanibbdyGan €. g., 19d .
[01101 The nodi f.i ed I t.i de lﬁ%p&;ed.b t he host cell.s of the invention
eghi bit incr eﬁlgélgnﬁegg%%gﬁf%}?mﬁ%ﬁ% fa??‘?ﬁ\éy 37“&%“2703}(% d ef fector
function - 38-fitasneatit esithnts cofitaining tiedtd-Bi doataln)ar arPmeflerab ER2tee | ncr eased Fe
receptor binding ,affinity is increased binding to a Fcy activating

receptor, suchB®he FcyRI11a
[0113] The present invention is also directed to a method for producing a

polypeptide in a host cell comprising (a) culturing a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having B(1,4)-N-
acetylglucosaminyliransferase III  activity or, alternatively, p{1,4)-
galactosyltransferase (“GalT™) activity, under conditions which permit the
production of a polypeptide selected from the group consisting of a whole
antibody molecule, an antibody fragment retaining a functional Fc region, and a
fusion protein that includes a region equivalent to the Fc region of an
immunoglobulin, wherein said fusion polypeptide having GoTIII activity or,
(_ ! alternatively, GalT activity is expressed in an amount sufficient to modify the
oligosaccharides in the Fc region of said polypeptide produced by said host cell;
and (b) isolating said polypeptide. In a preferred embodiment, the fusion
polypeptide  comprises  the  catalytic = domain of  B(1,4)-N-
acetylglucosaminyltransferase III. In a particularly preferred embodiment, the
fusion polypeptide further comprises the Golgi localization domain of a Golgi
resident polypeptide. Preferably, the Golgi localization domain is the localization
domain of mannosidase IT or B(1,2)-N-acetylglucosaminyltransferase I (GnTI).
Alternatively, the Golgi localization domain is selected from the group consisting

of: the localization domain of mannosidase I, the localization domain of B(1,2)-



receptor. The increased effector function is preferably an increase in one
or nore of the follow ng: increased antibody-dependent cell ul ar
cytotoxicity, increased antibody-dependent cellul ar phagocytosis (ADCP),

i ncreased cytoki ne secretion, increased inmune-conplex-nediated anti gen
upt ake by antigen-presenting cells, increased Fc-nediated cellul ar
cytotoxicity, increased binding to NK cells, increased binding to

macr ophages, increased binding to poLmﬂDrphonuclear cells (PM\s), increased
bi ndi ng to nonocytes, increased crosslinking oftarget-bound antibodies,

i ncreased direct signaling inducing apoptosis, increased dendritic cel

mat uration, a ihcreased T. cell i mng. 11 n a rticularly preferred
erbod, ment | ¢ NeeR st B s ooriagtn elesta B o3 Lol © & NSO
cell, a SP2/ 0fig6iylitranafertt. Mtk @oRpdpeillds pratublah3he Mohsas dNd se®@nicel |, a PER

cell, a PER C6 cell or a hybridoma cell and_the ol ypept.i de produced by
sai d host cel MvpRiioghaygmerepgsd g é???ﬂt?fc;ﬂ‘}d“ﬁﬁ;ﬁm%m’fi&@“@égﬁeqtﬁ anot her

preferred embagifgnt Prerféiﬁalrotﬁé icBdabed! FrebBe AMBIGEL dheddthorB bR EGFR
nonocl onal anti body C225. [0112] In addition to conprising a nucleic acid
encodi ng a f ufilleWingeligqsessed He-msriated rsilylen, etetowipity (ineluding tnceespeds of t he
i nvention may 1 j ; 1SE i.c acid

ar bl Blpeh AFPEAIRar gkotéﬁa%ggpe%fy edahRa G AR RC

encodi ng an anti body "no . n ant fragment ‘retaining a functional
Fe region, or phagberddstn{ ARG dbqreasddaytokinedecngaen, lcreangdl onmunegpginpistent to t he Fe

regi on of an ]ﬂlrg@i‘gt@ | g I . | east one
transect ed nucl el ng}éf?é%ﬂgh{ég%ggmg{%@%ﬁ{egq %%ﬁ%ﬁ%ﬁ@bmﬁg tOc]ﬁfl{meri c

anti - human necsllsbinashsadabinding db amastophages, bindyasedh Gitiding temohdoytes,i ¢ ant i - human
renal cell cargi . nal I - tll}i ré%ri anti - human
c&l o, lung, a%%g%?gléls %%gt OgYIﬁ% %%%g%na © ée(r%tdfr Ggglﬁﬁ lfc he humani zed
ant i - human 17 apbptosintingreasedromsstihiongdf tagdt-byradyanGER\Bdcreastrblehdritieni zed anti -
human col orecfal tunmpr. antibod . ti-hu nel an . anti body
Gi'rect ea agar P sEBem AR ' Al irhiig, P IR B BRI RRRC | Shots- el
car ci noma nonaffihitnad peediératilp dycr&kedbindiag tarfici adivatmg fefdplramichbmdy, an anti -
human EGFRvI Ig(ﬁg?ﬁi body, an anti-human PSMA anti body, an anti-human PSCA

anti body, an funman CD22 antibody, an anti-human CD30 antibody, an anti
- 39- [0114] In another embodiment, the present invention is directed to a polypeptide

produced by the methods of the invention which has an increased proportion of
bisected oligosaccharides in the Fc region of said polypeptide. In yet another
embodiment, the polypeptide produced by the methods of the invention has an
increased proportion of nonfucosylated oligosaccharides in the Fc region as a
result of said modification. The nonfucosylated oligosaccharides may be of the
hybrid or complex type. Ina particularly preferred embodiment, the polypeptide
produced by the host cells and methods of the invention has an increased
( ) proportion of bisected, nonfiicosylated oligosaccharides in the Fc region. The
bisected, nonfucosylated oligosaccharides may be either hybrid or complex.
Specifically, the methods of the present invention may be used to produce
polypeptides in which at least 15%, more preferably at least 20%, more
preferably at least 25%, more preferably at least 30%, more preferably at least
35%, more preferably at least 40%, more preferably at least 45%, more
preferably at least 50%, more preferably at least 55%, more preferably at least
60%, more preferably at least 65%, more preferably at least 70%, more
preferably at least 75%, more preferably at least 80%, more preferably at least
85%, more preferably at least 90%, more preferably at least 95%, more



TAG72 anti body, an anti-high nol ecul ar wei ght nmel anoma associ ated anti gen
(HMWAWRAA) anti body, an anti-GD3 gangli oside anti body, an anti-GD2

gangl i osi de anti body, an anti-GNU gangli osi de anti body, an anti-human

gangl i osi de anti body, an anti-EGFRvIII1 antibody, an anti-integrin antibody,
an anti-CD80 antibody, an anti-LeY antibody, an anti-nmucin antibody, an
anti- MJCL18 anti body, an anti-human CD33 anti body, an anti-hunan CD38

anti body, an anti-human CD40 anti bod?(}r;gl an anti-human CD45 anti body, an
anti-human CD52 antibody, an anti-hurfen CD138 anti body, an

ant i - huananHLA- DRvari ant anti body, an anti-human EpCAM anti body, an

anti - human CEA ant i n MJUCL _anti bod ti-human MUCL
core protein &4 FIBIIE}H }géﬁ%g:/a’ﬁPﬁePFﬁ??FﬁrﬁyétbléﬁsF% IIV’IE)P%}@?S&TY%& é"’Ht_IVU_C I

anti body, an agtj, hﬁwp@ﬁﬁdbwlmm ofm%@guasach&duafnltmosre% @RbLAI Ning the
ED-B domain, or an anti-human HER 2/ neu anti bod 0113 he present

invention is &hege! EWWW@@C%YHﬁthGWﬁOB%Qfdhﬁﬂf?ﬁﬁntdnveﬁmly%@bt| de in a

host cell co ( t i Xpress at
| east one nucq}&[eﬁo?bggelddta %oggéelp‘ﬁiﬂpﬁﬂxdﬁsﬁiﬁﬁch%?ye%ség?gdgﬁﬁ \%# %%ﬂ{ f(3 1,4)-N

acet yl gl ucos arleaaw(l"/p,angtfe@mfggbly Pl least 25%i myrequreferably @t ivattid0w, gnorg 3( 1,4)-
gal act osyl trarny Olﬂg‘it feféégk %, ﬁ1?1"é§%é§§51¥1:%’ gtnl]la%{}ﬂfdﬁ GO blck RSy %Mllaﬁ" permt the

producti on of a p pept1 de se e group‘consisting of a whole
anti body nol ecléte man mefeieblydsyt bashghtenmore peeiferatiy ah léasin 6% omake Fc regi on,

and a fusion ' d [ egi ui val t Fc regi on of
an i mmunogl ol?g{f?r%ﬁ!"mh%?%%ﬁs%’%%fzgig% e ;1%{‘52)3 T Ue %%%l Il]?at activity
or, alternati?w, yuoreqiraferahlm ahlegst ﬂS%emtegmﬁﬂabIm aarieaanﬁﬁmﬁi oo f | cient to

nndlfy the oli n f_said de produced
5. 5314 hos: Setrans SRt By b R S0 G iR RIRY o7 el o

odi nent , ti@é%t umrarpreﬂamblymnbasdeﬁ%pmwe prferitite aC ddasdl 9’1%,c:mbmm1 n of
(3(1 4)-N- acet trans ase | In.a parti rly preferred
enbodi ment , tt%%er th gao%agzﬁlé’b%ﬁf grably Fﬁﬁaé*ég%r?gﬁeé’ﬁ?sf‘ g‘“&%ﬂ:ﬂy | ocal i zati on
domai n of a Gathedfc regeﬁloﬁmatpogpépﬁﬁemblb@ectefmﬁm& Ythe tbBodsaifghe | Ocal i zati on
domain is the |localization domajn of nmannosid

se I
[3(1,2)-N ac e PYASEH FEGRER TP R arogduee polyren iRF]E grlpest 13781 y, the ol gi
| ocal i zati on R@pleferHlya st fﬂbﬂerﬁréfﬂﬂblgfaﬂlé%t gsmsm&% ipPerably at

least 30%, more preferably at least 35%, more preferably at least 40%, more

preferably at least 45%, more preferably at least 50%, more preferably at least

55%, more p:reférably at least 60%, more preferably at least 65%, more

preferably at least 70%, more preferably at least 75%, more preferably at least

80%, more preferably at least 85%, more preferably at least 900%, more

preferably at least 95%, more preferably at least 96%, more preferably at least

_ 97%, more preferably at least 98%, more preferably at least 99%, of the

( ) oligosaccharides in the Fc region of the polypeptide are bisected, nonfucosylated.

The methods of the present invention may also be used to produce polypeptides

in which at least 15%, more preferably at least 20%, more preferably at least

25%, more preferably at least 30%, more preferably at least 35% of the

oligosaccharides in the Fc region of the polypeptide are bisected hybrid
nonfucosylated.

[0115] In another embodiment, the present invention is directed to an antibody

engineered to have increased effector function and/or increased Fc receptor

binding affinity, produced by the methods of the invention. Preferably, the

increased effector function is one or more of the following: increased Fe-



of . the localization domain of mannosidase |, the |ocalization domain of
[3(1,2) -40- N acetylglucosam nyltransferase Il, and the | ocalization donmain
of a 1-6 core fucosyltransferase. The pol ypeptides produced by the nethods
of the present invention have increased Fc receptor binding affinity and/or
increased effector function. Preferably, the increased effector function is
one or nore of the follow ng: increased Fc-nediated cellular cytotoxicity
(i ncluding increased antibody-dependent cellular cytotoxicity), increased
ant i body- dependent cel | ul ar phagocyf@%is (ADCP), increased cytokine
secretion, increased i mune-conpl ex- nedi ated anti gen uptake by
antigen-presenting cells, increased binding to NK cells, increased binding
t o macr ophage$ediated celhidardyioiaxepity nehedingingesse@antibodyrdepentiseigelladi ng to

pol ynmor phonucl I i SASEE -Gk i i L hﬂ%: apopt osi s,

i ncreased cro§ Pﬁﬁﬁ%@qg?&#giget-g%g%ﬁﬁgﬁﬁ?%g%?ég@gﬁkgggase P&endritic cel
mat ur ati on, omncrsagadecigeltne sem¢tionpincrrised . infivaecompleasediated anggmwpt or bi ndi ng
affinity is preferably.increased bindin .Fe_activating receptors such as
P R | por PirES B aitieREreangs sl b et SR 0 Set e b o
a pol ypept i de bindingadeieacroplyaged) mcreaded biiding fto inbeodytey,aidréased hitdigdtohas an

i ncreased proportion of . bisected oligosaccharides in the Fc region of said
bol ypept i do. _ PRVPEPRSTSIELs Bietsat Hisk e THUFE @sPioge TFEiced by the
met hods of t herokdtiviRing oOtargebbodid antibodics asechsdll dpparitic N ndfuratidnf stcosy! at ed

ol i gosacchari des i glhﬁ Fe.regjon 3s g 6¥e ul t ﬁf,said Fndification. The
nonf ucosyl at eb“cfﬂa?ea Sheehariede ar?é‘%er{? °gro L i G ipereased Fe Eeiex type. | na
particularly pmgng eThaetsaEiHdinglth e ROLNRRRE FdetorPhaepeRAbRY the host

cells and net hods _of _the invention has an inpncreased proportion of bisected,
npnf ucosy! at e8e Bl ohedeyraRoRfe e drpricdie aptigrly fasmers conrgiag thed,

nonf Ucosyl at e RlyioH @8PRERA pioddss (R hche SickiBR bqlvAkt @ tRIFGEHHI &X .-
Specifically, the nethods of the present Invention may be used to produce
pol ypept i des P mPeeglohulipe o8uch pythodydragments fapd {pgigp proteins £xhib%00, nore
preferably athkﬁﬁéhP%%%%gﬁP&ﬁmﬁ ShRinARbr BhcrbRaBd sl aunfRhe Preferably at

| east 35% nore preferably at Teast” 40% nore preferably at |east 45% nore
pref er abl P18l | eastheposipntigyeatiqnisfughes Hireotagdio phasisacetBm) comppatignsef er abl y at

| east

comprising the antibodies, antibody fragments retaining the Fc region, and fusion
proteins having a region equivalent to the Fc region of an in‘amuno globulin of the
present invention and a pharmaceutically acceptable carrier.

[0117] The present invention is further directed to the use of such pharmaceutical
compositions in the method of treatment of cancer. Specifically, the present
invention is directed to a method for the treatment of cancer comprising
administering a therapeuwtically effective amount of the pharmaceutical
composition of the invention.

(\. ! [0118] The present invention is also directed to a host cell comprising an

expression vector comprising a nucleic acid molecule encoding a fusion

polypeptide, wherein the fusion polypeptide has (1,4)-N-

acetylglucosaminyltransferase II (GnT I} activity and comprises the Golgi

localization domain of a Goli resident polypeptide; and an expression vector
comprising a nucleic acid molecule encoding a polypeptide, wherein the
polypeptide has mannosidase II (Man II) activity. In preferred embodiments,
the nucleic acid molecule encoding the fusion polypeptide and the nucleic acid
molecule encoding the polypeptide having mannosidase II activity are on the

same or separate expression vectors. In another preferred embodiment, the



60% nore preferably at | east 65% nore preferably at |east 70% nore
preferably at |least 75% nore preferably at |east 80% nore preferably at

| east 85% nore preferably at |east 90% nore preferably at | east 95% nore
-41- preferably at |least 96% nore preferably at |east 97% nore preferably
at least 98% nore preferably at |east 99% of the oligosaccharides in the
Fc region of the polypeptide are nonfucosyl ated. The nethods of the present
i nvention may also be used to produc pol ypeptides in which at |east 15%
nore preferably at |east 20% nore pr%f erably at |east 25% nore preferably
at least 30% nore preferably at |east 35% nore preferably at |east 40%

nor e preferablﬁ}‘;£B | east, 45%. npre p eferably at_]l east 50% nore preferably
at | east 55% aempolyhentdscqmpsises theicatalypic denonin pifprl B Jpep afiiionat | east 65%

nore prefer ab'pYef@&ede%?o%Hmeﬁﬂ?{eG%%cﬂfzﬁfo%@%ﬁhhﬁh@ﬁmh&@%ﬁgé% nore preferably
at least 80% nore preferably at” | east 85% nore preferably at |east 900%

mor e pref er abldpmain df dantll, PSER) Wlsiﬁwﬁmaﬂtgpsmﬂtbﬁéltﬂ)gﬁ% nmore preferably
at | east 97% ﬁglnéc?es rﬂ@%fﬁrém?eﬂékﬁ%iﬁ&m& or,?ﬁ,rg?N ‘{gferabl y at least 99%

of the ollgosacc region o ypeptlde are bisected.
Still further ﬁxctdaﬁtrmsfdmdsh]cnfﬁlttlmprqusﬂembodmmnﬂmharstm:ll)nsMecwded to produce

pol ypeptldes | ich at 50/ efera | east ,20% nore
preferably a ﬁ]é‘é\@e %I%co Y# a’feéseti é% %&3‘3 referably at
Ieafst Bg;%; rmral@lsmtee‘uermﬁb:ybla,tthw@fséen4ﬁ)2/cﬂmfela,amfceu aMsoeal Iea?t 42;%; nmor e
preferably at % r at | eas 55% e preferably at

| east 60% %giéf"é]? @D ?10 %‘f %?%3 WB?SémyﬁtoBTa lém%e  east 70% nore

preferably at aIm@s der abAd@RhLEE ably at | east 80% nore preferably at
| east 85% ﬁre pr ferably | east, 900% nore . preferably at | east 95%
fon By

ly at %’8§‘fn herpreyidss ahtostoglh pPRppgising aRERPTesIoRYECi ¢ preferably

rejpref
WE | east 98% chmbAsiiy Bfeledabid niflechRa8dodBY Ydusih pbi ﬁd&haﬂnggﬂﬁé-CCharl des in
the Fe region of t he pol ypepti de are_bisect ed, nonfucosyl at ed The net hods

of the presentN-pedgiiosEmipgiFansfessse L (GRIHD egivisy apl commgiseshetaeleides i n whi ch

at |east 15% |5dafifatiBh Hoffadbby adbolt %ﬁienﬁpdf%peﬁﬁ &€ 4’ 8pRabh We@lbr | €ast  25%
nore preferably at |east 30% nore prefer at Ieast 35% of the

ol i gosacchar i ewpRsing Benucleic apd cmol@ﬁlﬂet prsoding ngﬂfﬁeﬁ%dear@erﬂﬁsé]@t ed hybrid
polypeptide has mannosidase IT (Man II) activity, and an expression vector

comprising a nucleic acid molecule encoding a polypeptide, wherein the

polypeptide has B(1 ,2)—N-acety1gluéosanﬁnyl—transferase II (GuT ) activity. In

preferred embodiments, the nucleic acid molecule encoding a fusion polypeptide,

the nucleic acid molecule encoding a polypeptide having Man I activity and the

nucleic acid molecule encoding a polypeptide having GnT II activity are on the

same or separate expression vectors. Also preferred is that the nucleic acid

, molecule encoding a fusion polypeptide is on one expression vector, and the
( ) nucleic acid molecule encoding a polypeptide having Man II activity and the
nucleic acid molecule encoding a polypeptide having GnT I activity are on the

same expression vector. Also preferred is that the nucleic acid molecule

encoding a Manll is on one expression vector, and the nucleic acid molecule

encoding a fusion polypeptide and the nucleic acid molecule encoding a

polypeptide having GnT 11 activity are on the same expression vector. In another

embodiment, the GnT II is on one expression vector, and the nucleic acid

molecule encoding a fusion polypeptide and the nucleic acid molecule encoding a

polypeptide having Man II activity are on the same expression vector.



nonfucosyl ated. [0115] In another enbodi nent, the present invention is
directed to an anti body engineered to have increased effector function
and/ or increased Fc receptor binding affinity, produced by the methods of
the invention. Preferably, the increased effector fbnction is one or nore
of the followi ng: increased Fc -42- nediated cellular cytotoxicity

(i ncluding increased anti body-dependent cellular cytotoxicity), increased
ant i body- dependent cel | ul ar phagocytﬁé%s (ADCP), increased cytolcine
secretion, increased i mmune-conpl ex-neédi ated antigen uptake by
antigen-presenting cells, increased binding to NK cells, increased binding

to macroph]rﬂ |ncreased bi ndi ng@to nonocyt es, |ncreased binding to
pol ymor pH8FRVE| ear Betniadditipyad pspers dp ipyertien is §iasiaity Hepst seH GeIMPISBE0ODL Osi S,

i ncreased cr %%%kﬁr@éﬁidﬁgvéafortc ﬁrﬁﬁn @ﬂ@ex@ﬂ&&?&ﬁécﬁﬁ enbiHiLRFREdendritic cell

mat urati on, or Increased r|mn referred enbodi nent, the

i ncreased Fc pelypgpiide. Whﬂrﬂmthfgﬁlaﬁli PQIWP%PUdS haSn 1ddrgelectesiyiansferaseo an Fc
activating reﬁ?ﬁgﬁ{fyv@ﬁd £&§£&E&Q|d6}%| Mﬂt#yrﬂio'@e rof'arﬁ/néﬁésgﬁ s further

directed to a agnents conta eqgi o u3|on protelns
that include polypgiide mguan edpesstior aedtdsrecoﬁmmsmgmnuc&ﬁc aad matermirogl obul i n.

Such anti body fr gment d fu i on xhibit ..in S Fc receptor
bi ndi ng affi nlrf‘c)s’ ﬁ&/ ?ype% dreeg “%n fpgiypg‘%%%F c’f]ﬁ?ﬁ?ldfﬁ%rl@? e present
invention is ﬁmwmae]npﬂmfbﬁ@ieﬁﬂrodzmmammbu&bﬁa&omoﬁmaﬂﬁgalﬁmoncorrpri sing the

ant i bodi es, ant, bo .ret. |n|n t he Ec region f usion proteins
havi ng a regi B?'lly%?ﬁ’gﬁ?/ e[uhgm 31%?1“’8&5 m%%n%%% n of the
present i nvenhiaﬂibsfdaﬁb Iaathﬁyﬁasxetﬂ:lésamlekpreﬁmemtﬁtﬂreepaﬁferekpﬁsssm[nonﬂ The
pr esent |nvent| ?FES ef g_lllfrectled {1«9 t he use, of such pharmaceuti cal

mpoYsi ti ons |?‘? Y W opipr pelypeptide gomprises dhe CE"E‘% '% the present

i ﬁven_t ion is MCmdnta(ddﬁommte&tbshﬂnemt, _tﬂ%eGblgiemcﬁmaﬁoxpﬁommeﬁmecorrpr i sing
ompos: t§ on oIocHHSTHRET GRarbld 6] MHED U TSREPSrA Dal S0 i r ect ed
to a host cel N-&@@@ﬂosgmnﬁﬂmﬁm €SB OnanA6didike CONMPIdrSi RY6aorucl eic acid
nol ecul e encoding._a fusion po Iypeptlde wherein the fusion polypeptlde has
(3(1,4)-N fucosyltransferase. In a preferred embodiment, the host cell is selected from the

group congsisting of a mammalian cell, a yeast cell, an insect cell or a plant cell.

?referably, the host cell is a CHO cell, a BHK cell, a\NSO cell, an SP2/0 cell, a

YO myeloma cell, a P3X63 mouse myeloma cell, a PER cell, a PER.C6 cell, ora

hybridoma cell.

[0121) In an additional aspect, the invention is directed to a host cell
comprising an expression vector comprising a nucleic acid molecule encoding
a fusion polypeptide, wherein the fusion polypeptide has B(1,4)-
| galactosyltransferase (GalT) activity and comprises the Golgi localization
k domain of a Golgi resident polypeptide; and an expression vector comprising a

nucleic acid molecule encoding a polypeptide, wherein the polypeptide has

mannosidase IT (Man H) activity; and an expression vector comprising a

nucleic acid molecule encoding a polypeptide, wherein the polypeptide has

B(1,2)-N-acetylglucosaminyl-transferase II (GnT II) activity. Preferably, each

nucleic acid is on the same expression vector. In a separate embodiment, each

nucleic acid molecule is on a separate vector. The invention further provides

that the nucleic acid molecule encoding a fusion polypeptide is on one

expression vector, and the nucleic acid molecule encoding a polypeptide

having Man II activity and the nucleic acid molecule encoding a polypeptide



acetyl glucosam nyltransferase Il (GhT II1l) activity and conprises the ol gi
| ocal i zation donmain of a Goli resident polypeptide; and an expression vector
conprising a nucleic acid nol ecul e encodi ng a pol ypeptide, wherein the

pol ypepti de has mannosidase Il (Man I1) activity. In preferred enbodi nents,
t he nucleic acid nol ecul e encoding the fusion pol ypeptide and the nucleic
acid nol ecule encoding the pol ypeptide having mannosi dase |l activity are
on the sane or separate expression ygctors. In another preferred

enbodi ment, the -43- fusion pol ypeptide conprises the catalytic domain of
GhT I'1l. In an additional preferred enbodinent the Golgi |ocalization

domain is the Cahl | onaj f || . .

(33(1,2)-N aclé}{v%gég;#nl}(z:@;agm ﬁ“t‘@ﬁgﬁ’%‘? 5%{’2%??“ pfory) g tnvention also

?cet yl ?It ucos?pnomgdbstthiamba‘mcmmteacidlmolm?mnmcmm{d hxal_bm oaltopﬁfxr}]ﬂresﬁomt .
ucosyltransferase. .I.n a further preferre odi nent . ost cell is

sel ect ed froﬁ?cf‘l)ﬁ’@na%df)‘c ’(‘fﬁggﬁql%&g(??co&l% P RgreRde and oo oot cel |, an
7o, P, S ekl sersplinidg A st iy2 00 55, 2

cell, a Sce : %an : ce v,_a X ngedona ce ,ea i nouse

nyel oma cel |, ths sipegexpessyion vegtopERuicipveption alsogroydenfhat thsgmeleicatil. [ 01191 The
invention furmRREuIPERYEHS eI isGR bhe SPREDS Vddebr R MeRuBISRI ON vect or
conprising a nucleic acid _nol ecul e encoding a fusLon.d[)oI pepti de havi ng
P(1,4)- N acetyd grigedeenrpaipe ¢ figsiegmebaepdide md thepipleiq aojd melesuld ty and conpri ses

the Gol gi |O%L&iﬁé‘ib&?péﬁﬁﬂ@hﬁn%ﬁd&L@ﬁ%ﬁtﬂéﬁ%bﬁ%&aﬂ%&ﬂ?&%ﬁde, an expression

vector conprising a nicleic acid nolecu encodi ng a pol ypeptide, wherein

the pol ypept Ye§orhhis prefemedsrakedindgn, thenpsgiompo)ypaptidosorpriseathd an expr essi on

vector conprishiig @makd éﬁ;gﬁi%ﬁﬂ& #l84 LOR gbypeptide, wherein
tce )poIypept#@%ﬁﬁasu%%ﬁfgg-N—agety gﬁﬁcpsanlny -tfé%% erase Il (GT I1)
activity. |n lopsliestondethabrip thdilovaliration domainefdtial & MERENMDI ecul e encoding a
fusi on pol ypepti Lej A j | ypepti de havi ng
Man Il activi %ﬂygucfo% e 1%%%‘%%"2@’% wrr%#@@%i‘"g)séﬁ% I ng gseg% ypepti de havi ng
GnT || acti vimnynnasidase h ot het-Nearefuasylbapérate expressi on vectors. Al so
preferreq.d s, t hat -t he cl ed i d. | e e_encodi ng_ a_fusjon pol ypeptide
s on ongmez)i(]pr essilt(l)]ﬁ lr\t/@gt?%lrefj:l&%e% gro,?'ﬁlgsl 'Ela)sf: ééh.l engmeered to%xpress i feast

one nucleic acid encoding a fusion polypeptide having GnT I activity and at

least one nucleic acid encoding a polypeptide having Man IT activity n an
amount sufficient to modify the oligosaccharides in the Fc region of a
polypeptide produced by the host cell, 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 that includes aregion equivalent to the Fc
region of an immunoglobin.

[0123] The mvention also provides a host cell engineered to express at least one
nucleic acid encoding a fusion polypeptide having GnT I activity, at least one
nucleic acid encoding a polypeptide having Man II and at least one nucleic acid
encoding a polypeptide having GnT Il activity in an amount sufficient to modify
the oligosaccharides in the Fc region of a polypeptide produced by the host cell,
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 that includes a region equivalent to the Fc region of an immunoglobin.

[0124] The present mvention additionally provides a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GalT

activity and at least one nucleic acid encoding a polypeptide having Man I



nucl eic acid nol ecul e encoding a pol ypepti de having Man Il activity and the
nucl ei ¢ acid nol ecul e encodi ng a pol ypeptide having G1T Il activity are on
the same expression vector. Also preferred is that the nucleic acid

nol ecul e encoding a Manf is on one expression vector, and the nucleic acid
nol ecul e encoding a fusion polypeptide and the nucleic acid nol ecul e
encodi ng a pol ypeptide having GaT Il activity are on the sanme expression
vector. In another enbodinent, the T 11 is on one expression vector, and
the nucleic acid nolecule encoding a fusion polypeptide and the nucleic
acid nol ecul e encoding a polypeptide having Man Il activity are on the sane

expression vector. . -44- [012Q]. I n an_ additjonal aspect,_the invention is
directed to aa%“&?m_c?@ﬂmé%ﬁ%@fWaﬂ%M@%W%&%?F%W?fsi ng a nucleic

acid nol ecul e, tifpradulcstBlydhe hoQel ReRtdiftBe poMiRpRiePrddigediby #eon pol ypepti de
has (3(1,4)-gaﬁ§??%s$%%ransfg?§;e (GalT) act?V|ty_a?d conp?ises the Gol g

| ocal i zati on Ui glected Giomghe gaup epasistinged p yhelsentihody BRlscdp aBx pr essi on
vector conpri giyigg %Héh?iufd %&&;{;&%ﬁ% GRS R dqdvaRat ¥RRALT de, wherein

t he polypeptide.hajsgfr _nnési&hsé 'l (Man %ﬁu ac?%%@t%. In preferred

enbodi ment s, wEgwnedet wingunggiobinnol ecul e encoding a fusion pol ypeptide and

the nucl ghtspnd modacyley SARAAE: foRRLYPERLIAR BN JRANGR! dase 11

activity‘'are on the sdne expression sepaf at e expressi on vectors.
Preferably, témgideasildnexpodsy ptelpasi ome wslepr icgeacoding & Atsmnypolypepitskai n of GlT.

0 an, 20 ol o ALy el 0 0 BRIl
1,13(1, 2) - N-Neetlyhgl stdestomemwicteicansd encadiag lal polypeptive hiaviag €T Br al , 6-core
o o ARSI RO Bl .58 Y 10
ptant cell. Ppetjreptddprodutdibyhiediosteell whesirmthdddGpeptide produddiiiky thel | , a~NSO
Cell - 2 22 Bef bl ] R 2 b R PSSR 00 sl
the inventi onaitibodh fApieprlarida fisidn@esteia elat inclGdbsPiegdh B@ialntis He®@sSi on vect or
comprising a nel e e, actd IBLECH S Soom D9,p 2 LR Y HRERY der vherein
cell exhibits increased Fe receptor binding affinity as a result of the modification.
In an additionally preferred embodiment, the polypeptide produced by the host
cell exhibits increased effector function as a resulf of the modification.
Preferably, the increased effector function is one or more of increased Fc-
-mediated cellular cytotoxicity, increased binding to NK cells, increased binding
to macrophages, increased binding to polymorphonuclear cells, increased binding
to monecytes, increased direct signaling induced apoptosis, increased dendritic
) cell maturation, and/or increased T cell priming.
L- [0126] In an additional embodiment, the invention is directed to a method for

producing a polypeptide in a host cell, comprising culturing a host cell

engineered to express at least one nucleic acid encoding a fusion polypeptide

having GnT I activity and at least one a nucleic acid encoding a polypeptide

having Man II activity under conditions which permit the production of a

polypeptide selected from the group consisting of a whole antibody molecule, an

antibody fragment, and a fusion protein that includes a region equivalent to the Fc

region of an immunoglobulin, wherein the fusion polypeptide is expressed in an

amount sufficient to modify the oligosaccharides in the Fc region of the

polypeptide produced by the host cell; and isolating the polypeptide. Preferably,



gal actosyl transferase (Gall) activity and conprises the Golgi |ocalization
domain of a Gol gi resident polypeptide; and an expressi on vector conprising
a nucleic acid nol ecul e encoding a pol ypepti de, wherein the pol ypeptide has
mannosi dase Il (Man I1) activity; and an expression vector conprising a

nucl eic acid nol ecul e encoding a pol ypeptide, wherein the pol ypepti de has
13(1, 2)-N-acetyl gl ucosam nyl -transferase Il (GT Il) activity. Preferably,
each nucleic acid is on the sane exp%ession vector. In a separate

enbodi nent, each nucleic acid nolecul’'e is on a separate vector. The
invention further provides that the nucleic acid nolecule encoding a fusion

pol ypeptide is on one _expression vector, and the nucleic acid nolecule
encodi ng a potypespeside firihehsnagegtwd fo prpress alleast qre aRdet pdd ssetBE ® aci d nol ecul e

encodi ng a pojoRRPldedavingBnT AVERG. ik a&diﬁé}ﬁﬁd}ﬂ&%&e@&rﬁao&}&eﬁt%e same
expression vector. The invention also provides that the nucleic acid
mol ecul e encofusify palyreniide cpmpiangs Bisecatalpie slovipipref Graclbr In aderthehe nucl eic acid

nol ecul e encagi g pQJ.Y. i tha i i ool ecul e
encodi ng a po f%g%?F%g§lg@Whgkéﬁ$glngggﬁgfty é?gH%h%k%ﬁggggﬁgnexpression
vector. The ilnvaliatticodonbno! phederoldgmss Gilgl resifirat pripeptide. Brefertblyntbé ecul e encodi ng

the G1T Il is,gn..0n Xpr.essi Q ect.or. and .t nucl. ei i4 nolecule
encodi ng a fd@@%ﬂ“%d?§%§8??%%maﬁﬁ°aﬁ%“ﬁ%@?%?%°a_¥%°%§ %%@?@” encoding a

pol ypepti de Hsatatgghbdraminyiahsifithdey ane onndnh&sidue® dxpr eX$PPN- vector. In a
preferred enbodi pent, the fusio ol ypeptjide conpri se h atal ytic domain
of GalT. In émﬁgﬁﬁﬁﬂﬁmﬁ?ﬁV%¥$%ﬁQ%Eﬁﬁdgﬁgﬁ%?mVW@ggﬁﬁﬁi #ﬁﬁaﬂﬁiation donai n
i's the | ocal i gafpeptiictigémirsased eftddr fuhctiohad a }ulfNf the above modification.

acetyl glucosam nyl transferase |, 3(1,2)-N acetyl gl ucosan nyl transferase 1|1

?Enn si dd¥é7h or ~ dibeBvRptionishutiss dissred fogasthedfeproqusing s polyp@tidey ent i on

rther proviid@host cB0Sbmedidg ARGIBANRT. &gié%@ﬁﬁexﬁe_se’aﬁﬁﬁﬁtoné)ne nucl ei c
acid encodi ng a fusion pol ypeptide hayvi ng T 1l activity and at |east one

nucl ei ¢ aci d BRlESIFHGrerdpgiafisiprrecnide havipebeil activigepd #leeftopee an  anmount

sufficient toweRE dw dde6diRd b POSHGRDRSLAGESMaR If REvRF udRObRRIhs @ POl ypepti de
produced by the host cell, wherein the‘£olype tide produced by the host
cel | is sel ectiaehpemsitthemeodyetivnef eprimegtidagleged Gomhs|seovp senusisbey nol ecul e, an

of a whole antibody molecule, an antibody fragment, and a fusion protein that

includes a region equivalent to the Fc region of an immunoglobulin, wherein the
fusion polypeptide is expressed in an amount sufficient to modify the
oligosaccharides in the Fc region of the polypeptide produced by the host cell;
and isolating the polypeptide. In an additional embodiment, the host cell is
further engineered to express at least one nucleic acid encoding a polypeptide
having GnT II activity. Preferably, the fusion polypeptide comprises the catalytic
domain of GalT. Also preferred is that the fusion polypeptide further comprises
( | the Golgi localization domain of a heterologous Golgi resident polypeptide.
Preferably, the Golgi localization domain is the localization domain of
mannosidase IT, B(1,2)-N-acetylglucosaminyltransferase I, mannosidase I, p(1,2)-
N-acetylglucosaminyltransferase II or a1-6 core fucosyltransferase. Preferably,
the polypeptide has increased effector function as a result of the above
modification. Specifically, in a preferred embodiment, the polypeptide produced
by the host cell has an increased proportion of bisected, nonfucosylated
oligosaccharides in the Fc region of the polypeptide. Preferably, the bisected,
nonfiicosylated oligosaccharides are hybrid. Even more preferably, the bisected,

nonfucosylated oligosaccharides are complex. I a preferred emnbodiment, at least



anti body fragnent, and a fusion protein that includes aregion equivalent to
the Fc region of an imunogl obin. [0123] The invention al so provides a host
cell engineered to express at |least one C nucleic acid encoding a fusion
pol ypeptide having QuT Ill activity, at |east one nucleic acid encoding a
pol ypeptide having Man Il and at | east one nucleic acid encoding a

pol ypeptide having G1T Il activity in an anmount sufficient to nodify the

ol i gosaccharides in the Fc region of ghpolypeptide produced by the host
cell, wherein the pol ypeptide produc by the host cell is selected from
the group consisting of a whole antibody nol ecul e, an anti body fragnent,
and a fusion protein_that includes a region equivalent to the Fc region of

an i munogl obffAn #eebAP%Tiee93% f iy olignraseharisies iy dhet Fomdieny obfsvi des a host

cel | engi neer 6olyidtigEaPhsStedMonkitBsiatd BsdaliehRirGerddaliinfRsQehddg @ fusi on
pol ypeptide having GalT activity and at ‘| east one nucleic acid encoding a
pol ypept i de ha¥feig%vBrel 40%,48%, H3,i56Yet 0%, 05%n7Bra bl 80utiec?®mnt to nodify

the ol i gosacchayi I L agi JOI ed by the host
cell, wherei nb?ﬁleog%g d 3pc{alﬁ85§gﬁo]%lg%$gge ff@ﬁg@%éﬁegﬁfﬁf@qg%l ected from
t he group consftse prgenbinventinsh etedismrivd, howfpcasplatedul e, an anti body fragnent,

and a fusj rotein that.includes aregion uivalent te the.Fe region of an
i mmunogl igﬁr}ii) [01 4 F%éltéonsﬂg‘ﬁgrrege%%ggmﬁ%oga?wggﬁp r%sﬁ]gt ”ﬁ‘?eg@%n %ention al so
provi des a hogit theldtibodingengmesredlaccarding pr ths methbdd of @ preaere invagtioai ¢ aci d

encodi ng a fugi on @FOl e%{)ttl d havi ng GalT activity, at |east one nucleic
aci d encodi ng"&*® ?7‘6%"8 *HETRAI My Man 11 and at |east one nucleic acid
engo]gi ngh[olip?al ypepii ﬁﬁ hgd&ﬁmgl Cfﬁhbddimena,cttha/iihye]:cﬂtian aﬁm;haﬂ)lm&vigdsf fi cijent dtg
nodi fy the oligosaccharides .i.n the Ec regi a pol ypept.i de produced by
the host ‘cel | DIRREPERR FEOHPYRSERPTRE i Bl YR RURHEED) | i s sel ect ed
fromthe groumeCaBGibad iofigthef preseh @dventiont | (Feel¢raby| aBdlIpham@beutiodlt i body
fragment, and a fusion otein that, i ncludes aregion uival ent to the Fe
regi on of an -FIRROSHEY ?fﬁf‘%?’@%’%‘?“&ﬂ‘l’ﬁ?mﬂrl’?%aﬁg eaytie aﬁ?"B@E]fed by the host
cell exhi bitscdhgr eased Fe receptor binding affinity as a result of the

nodi fication. In an additionally preferred enbodi nent, the pol ypeptide

produced [B130% he ho@FmYF@P?n rtherprevades p ethed &or they reelmes of GFREITUSN as a resul t
of the nodifi galkOBomprising administering a therapeutically effective amount of the

pharmaceutical compositions of the present invention to a patient in need thereof.

0131} The invention is further directed to amethod for producing a polypeptide
having increased Fc-mediated cellular cytotoxicity in a host cell, comprising
culturing a host cell engineered to express at least one nucleic acid encoding
GalT and at Ieast one nucleic acid encoding Man II under conditions which
permit the production of a polypeptide selected from the group consisting of a

| whole antibody molecule, an antibody fragment that included the Fc region of an
( immunoglobulin, wherein the expression level of one or both of GalT or Man I
is sufficient to modify the oligosaccharides in the Fc region of the polypeptide
produced by the host cell and wherein the polypeptide has increased Fe-mediated
cellular cytotoxicity as aresult of the modification; and isolating the polypeptide
having increased Fc-mediated cellular cytotoxicity. In an additionally preferred
embodiment, the expression level of GalT produces an antibody molecule or
antibody fragment that includes the Fc region of an immunoglobin having
increased Fc-mediated cellular cytotoxicity,
[0132] The invention is further directed to a method for producing a polypeptide

having increased Fe-mediated cellular cytotoxicity in a host cell, comprising



Preferably, the increased effector function is one or nore of increased Fc-
nmedi ated cellular cytotoxicity, increased binding to NK cells, increased

bi nding to macrophages, increased binding to pol ynorphonucl ear cells,

i ncreased binding to nonocytes, increased direct signaling induced
apoptosis, increased dendritic cell maturation, and/or increased T cel
primng. [01261 In an additional enbodinent, the invention is directed to a
met hod for producing a pol ypeptide h@ a host cell, conprising culturing a
host cell engineered to express at [gast one nucleic acid encoding a fusion

pol ypepti de having GhT Il activity and at |east one a nucleic acid
encodi ng a po peptlde a ving Man Il activity und? condi tions which permt
the productio ‘Hfm% hogb e Eé‘fﬁ“i‘eﬁ@%‘éﬁéﬁfsé&t lerine ARlE Bl cRoAEEst | ng of a

whol e ant i bodiga1TokeCA16ast it mRRid RAONchARYNRA maiaficﬁmfm QMRicRr ot ei n t hat
includes a region equivalent to the Fe region of an inmunogl obulin, wherein

t he fusion poPWéﬁhqnﬁ@ﬁcﬁo@immmdeﬁdaﬁe Borp thet2reupf opeiFtatol 8o nodi fy t he
ol i gosacchari hﬁb&ﬂﬂmﬁ@ﬁ“ﬁ@%&ﬁg% ?ﬁ *Qﬁ@é&mﬁégﬁgﬁg by the host

cell; and iso atlng t ypept | -47 ost cell is
further engi nm@g@bﬂmxphﬁssﬂmexp@amn lmbofmcbléqot.h dTadll eridandiing a

pol ypepti de hav t| r r.r€d enbodi nent,
the fusion p%l?%%p e °Co ﬁlrels §%$#£é% dﬁg? g@o%%?%g}ﬁm%%@gwl In a
further pr efmﬁmddle;rﬂmlmbsmﬂtandWhﬁmﬁﬂslpokypmﬁylpmpicred@dﬁu-nﬁeﬂiatedconpri ses the

ol gi Iocallz n_of 0 esi dent | ypepti de.

Pref erably, ?M?I{gc?ﬁ?f‘:‘f%{]‘%lﬁ d?f%l ﬁmf %nd[ goéaqnéihflﬁog@?%ﬁ domai n of

gt(agntz))si ﬂfse Iﬁawr@fﬁ(cha&)tiNa]ﬁ:}@é@de?lhlm&mndﬂﬂ Inrmﬂémﬂfmemmm{aﬁanln?m dafse I,
ace ransf er or.a or.e yl transferase.

gef srably, t&% b% ﬁ fs)% T REPsst f’?i"é%‘é’ae’é‘fc eéccﬁp@rm?%(ﬁ%ulﬁﬁgs a result of

t eha30¥e rmdwﬁdréiﬁtth@mnT}HI (ihl&?ﬁrgsﬁﬁam &vembummufjlsc;lxénurtb hesdifyi thect efl to a

met hod for po tl e t ce opprising cu turing a

host cel | end? @ﬁﬂ@ﬁﬂ@i%f §w39f¢%ﬁgﬂw8 p“ﬂﬁ?ﬁ@?ﬁ‘gg %ﬂgoding a fusion

pol ypepti de handréig tieq) Ep%ﬁtide\lﬂaﬁ YnoRdasbdaticTheRAéd QNBlafcytbiegicRY 6s aci d encoding a

pol ypepti de haV| Man activity under conditjons_ which permt the

producti on ofTest mFﬁBﬂ?ﬁﬂ@mgePE@¥§ﬂWﬁ?bﬁ?ﬁﬁ%mbkﬁﬂﬁfeﬁﬁgﬁ@@Wﬁﬁ of a whole
anti body ol eGalt SMaiPoPGAT HPH ¥uffitRATE fHm bRBHePo izt QariBEseh i Be t hat

region of the polypeptide. Even more preferably, the proportion of bisected

oligosaccharides in the Fc region to total oligosaccharides in the Fc region is at

least about 25, 35, 45, 55, 60, 65, 70, 75, 80, 85, 30 or 95 percent. Preferably, the

proportion of bisected oligosaccharides in the Fc region to total oligosaccharides

in the Fc region is at least about 45 percent. In a preferred embodiment, the

bisected oligosaccharides are complex of hybrid. Preferably, the host cellis a

o mammalian cell, a yeast cell, an insect cell or a plant cell. Even more preferably,

( | the host cell is a plant cell.

{0133] In another aspect, the present invention is directed to a method for
producing a polypeptide in a host cell, comprising:

a. culturing a host cell engineered to express at least one nucleic acid

encoding a polypeptide having a-Mannosidase II activity under conditions which

permit the production of a polypeptide selected from the group consisting of a

whole antibody molecule, an antibody fragment, and a fusion protein that

includes a region equivalent to the Fe region of an immunoglobulin, wherein said

polypeptide having a-Mannosidase II activity 1s expressed in an amount



i ncludes a region equivalent to the Fe region of an inmmunogl obulin, wherein
the fusion polypeptide is expressed in an anount sufficient to nodify the
ol i gosaccharides in the Fe region of the pol ypeptide produced by the host
cell; and isolating the polypeptide. In an additional enbodinment, the host
cell is further engineered to express at |east one nucleic acid encoding a
pol ypeptide having G1T Il activity. Preferably, the fusion polypeptide
conprises the catalytic donmain of Gal,T. Also preferred is that the fusion
pol ypeptide further conprises the Golgi |ocalization domain of a

het er ol ogous Gol gi resident polypeptide. Preferably, the Golgi |ocalization
domain is the |l.ocalizati.aon,domai n of .. mannosi dase Il ,. .

(3(1, 2) - N accTYHgH Kb Rarith e ehEmescBridet ™ (e R Rl ol 594 pPlveRRtide )

N-acet yl gl ucogagicey by saadsdsseftsandl | or al-6 core fucosyltransferase.
Preferably, the polypeptide has increased effector function as a result of
the above nodifi ®atFeainespidarhpetids produged iy pridhest ¢elld enbodi ment, t he

pol ypept jig4pr oducgd print hGedtatis GRb! dikeRd 30 pbRPERRASE baRlcARAYL i On Of

bi sected, nonfucosyl ated oligosaccharides in'the Fe region of the

pol ypepti de. iibedivsabrying tnvesaprdsetiepter] fnchiomudtwsiptreased Foleesptoacchari des are
hybri d. Even‘&P&ﬁgQ£9}&ﬁﬁQg%mdhﬁﬁhﬁ&ﬁﬁﬁﬁggd?nQQQEgﬁ@?yp%h%%eQL'gosaCChaf'deS

are conplex. In a preferred enbodi nent, eas om about 10% to 95%

of the ol i gostherepratic duspdsitiontie teet disorgiersnpasticuiadly tumpas$.ypept i de are bi sect ed,
nonfucosyl ated. Especiallypreferred is that about 20%

25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90%  95% of the

ol i gosacchar i Ideificatidnad Eensreginaf Nofleic Heidy| Bneakmegph Reweie dgpdWidokpt i des of the
present i nventpdificaior obTheGlyesylahanfatiemdyDatired. (0128] In an additionally
reflerred enbodi nent, the present invention provides that the antibodies

gi neer ccordi to the nethods of e esent ..i nvent i have i ncreased
effectorﬁﬁaﬂctionﬂ1 Bt mvﬁmﬁﬁmgggﬁvp%ﬁ%Fﬁgﬁ%B%FWEWFFﬁPﬁEQEﬁgention further
provi des phaweliagstuis fosthe prodqtisn 6f Hyrefoenaplantbodiesdtbalytiboentes engi neer ed
according to the. ds .of t present inyention. Preferably, the
phar maceuti c aﬁonp%":%%%&ﬁe%‘f’% a5$ﬁflﬁ%pr8 oS e ﬁ"(ﬁécll?teﬂ?)‘ﬁal@gg‘btﬁfa Eg a
phar maceut i cabgiyn,daeiapiRbased Reatdeptof binding affinity, preferably Fc activating

receptors, and/or having increased effector functions, including antibody-

dependent cellular cytotoxicity. Identification of target epitopes and generation
of antiizodies 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.

[0136] Various procedures known in the art may be used for the production of
antibodies to target epitopes of interest. Such antibodies include but are not

: limited to polyclonal, monoclonal, chimeric, humanized, folly-human, single
chain, Fab fragments and fragments produced by an ScFv, Fab, VH, IgG
expression library. Such antibodies may be useful, e.g., as diagnostic or
therapeutic agents. As therapeutic agents, neutralizing antibodies, i.e., those
which compete for binding with a ligand, substrate or adapter molecule, are of
especially preferred interest.

[0137] For the production of antibodies, various host animals are immunized by
injection with the target protein of interest including, but not limited to, rabbits,
mice, rats, efc. Polyclonal antibodies may be raised in animals by mulitiple
subcutaneous (s¢) or iniraperitoneal (ip) injections of the relevant antigen and an

adjuvant. Various adjuvants may be used to increase the immunological



[01301 The invention further provides a nethod for the treatnent of
cancerous tunors conprising admnistering a therapeutically effective
anount of the pharmaceutical conpositions of the present invention to
apatient in need thereof. [01311 The invention is further directed to

anmet hod for producing a polypeptide having increased Fc-nediated cell ul ar

cytotoxicity in a host cell, conprising culturing a host cell engineered to
express at |east one nucleic acid enqgﬁing GalT and at | east one nucleic
acid encoding Man Il under conditions which permt the production of a

pol ypepti de selected fromthe group consisting of a whole antibody

nol ecul e, an anti bo fragment that i.ncluded the Fc regi of, an

i mrunogl obul i fﬁ@%%%é?eﬁd]fﬂggn OSLRFIT P&\‘}gﬁngiﬁt%@mﬂ}l:&?% "8 GalT or Man

Il is suffic{mletOani@sbofriplckd) SmdbiaD ehay dndeisurh AylBgakeuiragi on of the

pol ypepti de produced by the host cell and wherein the pol ypeptide has

i ncreased Fc- ABYF Sebshuoes sygh Asdysolsptyn.glireme polyals,polyaaiens, peptidehe

modi fication; s@Bgn} 90! ahiie@nd, hﬁ‘egﬁ&leYﬂﬁﬁti %ocgﬁm NgniBfRss edaFc- medi at ed
[

cellular cytotoxicity. In an additiona erred enbodi ment, the

re
expression | eP@Fﬂt@ﬂYwﬁhHP%%@@t_éﬁwBﬁ%gﬁgdvc%lcébﬁﬁt@’@eﬁnmﬂi body fragment

that includeshe. e tef . ABninINURQ oL 0RI, i NG ed Fc-nedi ated
cel lul ar cytot o%lﬁ%iﬂty.l [ 01321 The 1 nvention |se?urt gtrtﬂgi ren%'?rgd to a met hod

for produci ngimmppoEgeeniugates,padengtves by cemkitingegwldParedigobibeul ar
cytotoxicity j : | 4 I S -49- ¢ i t_~cell

engi neer ed tobrglg(eglr %gg&né@teeggf&gﬁg ?\Iju@%gﬁ: fgﬁhélr%lg%?n%lﬁ%gl and at | east
one nucl ei ¢ aBicendsmoogletrpdivvantiahd imetting tho srditionamts:derimiali at ipetiplet t he

production of .a.p i : r . ' Hgg of a whole
mbody nol e%uf'e,ghgﬁﬁg{#t%zgé %%%tb%%%dtw?@\g@ﬁgéﬁ%{lﬁéeg regi on of an
i nogl obul i amoushefipeptiiethernpigpie asBrwd's hdvweint lnfsubraneous bydchioroft Gal T or Man
Il is sufficj t ' [ ri.des, . Ec region of the
pol ypepti de %‘?@@S&@%ﬁ%ﬁé‘; E‘%g é%’?ftﬁgﬁlg&\ﬁﬁgr?ee?lﬁ@?%cg&lﬁggr%ﬁelgt i de has

i ncreased Fc- ssajieditfed anthelly titar dniortloxiechdogtedamtl thestifet phfeathe

nodi fication;,apd.isal ating.the I tide havi,ng i ncreased. Fe-nedi at ed
cel lular cyt O}F)TS%F%)})G{ &.e aln’{n% I%F%Qféﬁr"é@%g%"&mg% ,ﬂfe Eaﬁtfﬁ?e’:b%ost cell
further conprémpgatad tol difiatnt@Reein aad/@itrodghi atiiffien dios@likliidy febdent. Wherein the
CnT 111 s exprossrd ol bedR R, rddiltiht &ffculi e TOYL N A0S

[0138] 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.S.4. 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 et al., Proc. Natl. Acad. Sei.
U.S.4. 81:6851-55 (1984); Neuberger et al., Nature 312:604-08 (1984) ; Takeda
et al., Nature 314:452-54 (1985) by splicing the genes from a mouse antibody
molecule of appropriate antigen specificity together with genes from a human
antibody molecule of appropriate biological activity can be used. These
techniques can be used to produce chimeric antibodies comprised of an antibody
molecule of other mammals as well. Alternatively, techniques described for the
production of single chain antibodies (U.S. Patent No. 4,946,778) can be adapted



ol i gosaccharides in the Fe region of the pol ypeptide produced by the host
cell and wherein the polypeptide has increased Fc-nedi ated cel |l ul ar
cytotoxicity as a result of the nodification. Preferably, the expression
| evel of one or nmore of @lT, Man Il or GhT IIl is sufficient to form

bi sected oligosaccharides in the Fe region of the polypeptide. Even nore
preferably, the proportion of bisected oligosaccharides in the Fc region to
total oligosaccharides in the Fc region is at |east about 25, 35, 45, 55,
60, 65, 70, 75, 80, 85,90 or 95 percedt. Preferably, the proportion

of bi sected ol i gosaccharides in the Fc region to total oligosaccharides in
the Fc region is at | east about 45 percent. In a preferred enbodi nent, the
bi sect ed oIi9©$ammhahg&ehdamﬂﬂmdhphnﬁge&hhm@qﬁdﬁdﬂréﬂmmmhh@mnthe host cel

is a mamali , ast ¢ | ant . cel | . Even
nore preferab W@teﬁc}gteh °ﬁli sahab"gfeéqﬁ"gg@lv? %efrbfé'ﬁ]’e BIPeYRdt her aspect,
t he pLesent ::ftu@ﬂmgwmb_medioﬂesﬁmellpie@ana_ JﬁﬁtﬁaﬁdﬁMquW@ﬂgﬁieﬁgn@dpol ypepti de
in a host ce rising: a, Cu rin 0 neered to express
at | east one W@% g?cggg%%@ﬁé?ﬁ‘ié’ %gwglﬁé’bf}% 2 595 géoa"‘zi%‘hno& dase |1
activity Und%u&ﬁ%lltm@éhﬁré’%hféﬁts oP®LiBh dre Inb@pathtedéih ihdd enfireBO! YpepPt i de
selected_fromthe g ij consisting of a whole antibody nol ecul e, an

Y

ant i body {43gnent Aﬂah ArTqements Whishosostaip spegific bindwp sHesofahe @Eghn equi val ent

to the Fc re%r@t&n@fnﬁé}es‘tWBQ@&Q@&%&B}@W@E&Mq@@' For R@hyRERER de havi ng
a- Mannosi dase Il activity is éxpressed in an amount -50- sufficient to

modi fy the ol Fprsais ddvdeabyt s nondinfied itegF@n): dragganta Wothy pebbe de  produced
by said host ;%@&dccdwpgndig%ﬁoﬁtdf% aaabéaywleeﬁfe%aqﬁmﬁ%g%ﬂs by said host

cell. [0134] The présent invention is directed to polypepti des,

qart j cul ar | y Whigh japbeigeagrated By reducingibe dantids bedgesefton F(tda Eogrentsand/ or
i'ncreased Fe pacaRiwefy, FJB'eE}%ﬁﬂm%rﬂmé £8vbd coftmS@d BrdIPeh | Geknpl | gosacchar des

as well as their use’in therapeutic conpositions to treat di sorders,

particul arly 24gr8ys81 (léi%‘-??ttpﬂl@vaﬁmha@mﬁmﬁmﬁaﬂloﬁwf@imﬂﬂ@maéhb Aci ds Encodi ng
A Protein for gH ﬁt@ Mlc{eg]&gts t&rﬁgtﬁ%eygrg@ﬂcﬁ{‘% iPattern I's Desired
ent

[0135] The pre i nvention p OVI e generatl on and use
of host  [0140] Once an antibody or antibody fragment has been identified for which

modification m the glycosylation paftern are desired, the coding nucleic acid

sequence is identified and isolated using techniques well known in the art.

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

[0141] 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, in one aspect, the
invention provides host cell expression systems selected or engineered to express,
e.g., a fusion polypeptide having P(1,4)-N-acetylglucosaminyltransferase I
(GnTI) activity and comprising the Golgi localization domain of a heterologous
Golgi resident polypeptide. Specifically, such host cell expression systems may
be engineered to comprise a recombinant nucleic acid molecule encoding such
fusion polypeptide, operatively linked to a constitutive or regulated promoter
system. |

[0142] In one specific embodiment, the present invention provides a host cell that

has been engineered to express at least one mucleic acid encoding a fusion



cell systens for the production of glycoforns of antibodies, antibody
fragnents containing the Fc region, and fusion proteins which a region

equi valent to the Fe region, having increased Fc receptor binding affinity,
preferably Fc activating receptors, and/or having increased effector
functions, including antibody- dependent cellular cytotoxicity.

I dentification of target epitopes and generation of antibodi es having
potential therapeutic value, for which nodification of the glycosylation
pattern is desired, and isolation of their respective coding nucleic acid
sequence is wthin the scope of the invention. [0136] Various procedures

known in the art mgy be, used faor the production of ti bodi.es to target
epi t opes of i HP]@P@é‘fyi. haé%ﬁa%]aﬁyﬂﬁﬁ{’l@cqswmén%ﬁsegﬁ &5}#@ Wi ted to

pol ycl onal , nepPsdndRRing L& GIIEN bslizdeNBoh AR HF 2 fidkdrbpdid MRk rkid3@d € chain, Fab
fragnents and fragnments produced an ScFv, Fab, VI3, G expression

_ by Fv, 13, | :
library. SuchPakipepbdei & oRsigsnse, &@éwﬁﬂfgeﬂgés@ngmf&_@ddv%h@g{g% id therapeutic
agents. As thelaReHihfpAARN kiSlcash B £k kAdoli: %%éigpgélfp%?ti&e firvin hose whi ch
Wi Ph a l é adapte ecu

conpete for bindin igand, substrate or a o e, are of
especi al | y pr étlehhéacetyiglucosaminyrgustrase EHGoINE) aotivthaod Fomprisingdhet | bodi es,

vari ous host (W . al: 'Cm%-dp' 1,4 i ] target protein of
i nterest incl S%Il g,cglbz%@&ln%t |%&?%§p¥%owg@%%§&n%l@ee%ﬁ%ét s, etc.
Pol ycl ondP143ht i bodGemralyyanydypeaif sdthredreel ineeah $e bsednm k bagekwundiebcut aneous

(sc) or intraper] I L d.£Ct i .the rel ey antigen and an
adj uvant . Var ?g & atgjgg(%/sé%J[l@}nﬁ%{;/gt%ee&r%%@?‘%%h?nhg‘% ae%rseérr? (E%m?oﬁ%%g’l ogi cal -51-
response, dep€hif) oeljs, BAK dells, M cepBRY/ @slls, i iZinyelomagceis P3X63 mbusel t ed to
Freund's (conpl dpiRC 4 neral. gel s.such as alum num

/dr pxi de, sur glgél%cgﬁgsflﬂ\%%c%g%?gé;g Ssoﬁcﬁblgis? a;?g% 8 Frtlﬂ?rﬁ‘fmlb uronic
pol yol s, pol yaslispresst cgilsphsetdias]ls, ospo rells are@sdd astitel badkgroand del ihotoe | 1| npet

henocyani n, dinitrophenal d tentially. useful h n.adj uvants such as
BOG (baci | | e &A% 89@1%?%%;5103%%33 Eﬁ%%ﬁﬁ@?e?‘;‘eﬁ%bgt&%’ ejﬁ\ﬁl'r’rral s are
i muni zed aganagde Gheetiant:7eB805 (ObbanDPeNaml efkrentgadites thefin)(thel vati ves by
conbining, e.g., 100g,or. 5.9 of the. protein or,_conjugate (for rabbits or
m ce, respect ?%? %ﬂﬁ?&?ﬁrﬂ#@l‘@&%@%@gfpﬁﬁgﬂﬁa-fﬁﬂ | ete adjuvant and
i nj ecti nqot4ap sol UllieGfiventibd RALhERbIald & endbihpdsPh® engineered host cells

expressing a fusion polypeptide having (1,4)-N-acetylglucosaminyltransferase

IO (GoTIH) activity and comprising the Golgi localization domain of a

heterologous Golgi resident polypeptide as defined herein.

[0145] One or several nucleic acids encoding a fusion polypeptide having B(1,4)-
N-acetylglucosaminyltransferase I (GnTIII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide may be

( ] expressed under the control of a constitutive promoter or, alternately, aregulated
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 sysfem, a temperature-inducible promoter system, and a
metallothionein metal-inducible expression system. If several different nucleic
acids encoding fusion polypeptides having B(1,4)-N-
acetylghucosaminyltransferase III (GnTII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide 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 aregulated



Csites. One nonth later, the animals are boosted with 1/5 to 1/10 the
original anount ofpeptide or conjugate in Freund' s adjuvant by subcutaneous
injection at nultiple sites. Seven to 14 days later the animals are bl ed
and the serumis assayed for antibody titer. Aninmals are boosted until the
titer plateaus. Preferably, the animal is boosted with the conjugate of the
sane antigen, but conjugated to different protein and/or through a
different cross-linking reagent. Conjugates can al so be made i n reconbi nant
cell culture as protein fusions. 101381 Monocl onal antibodies to the target
of interest nmay be prepared using any technique which provides for the
production of antibody nol ecul es by continuous cell lines in culture. These

i ncl ude, but HPEOWLITHE maximelexpeessipiigvel issersiisred to hedbahigkpsrosyiblgi nal |y

descri bed by I I he human
B-cel | hybri R é%ﬁﬁ?ﬁsﬁmél Iﬂlﬁ pid e%%ﬁ&n%?%%gn%éyér%%ﬁ i L (1983) ;

Cote et at, Fudgerse REfedt. onA@eéld groghh ratt), ®dAwilige deedningl gsigB3oytinand t he

Eﬁ\e/r Qgsr i7(71?96 %ﬁg%&%dﬁu’@g%ﬁ?ﬁ?%f&%%@ ?n aa @Pﬁégn ﬁé‘@ﬁﬂ’?q%?cgé\/a oped

for the prodochs oh indudinghWesteindleiranhlysisl nssd' ar( &bibodisspeciéit fat the Proc. Nat | .

/(6\2834) S?I Take%??pe%%é%%%ié? ure é%%‘%%ﬁﬁﬁ?@fﬁﬁgc %raat %g#‘é%?ﬁézggggsoﬁr om

a nouse anti btocttyspolypémdmhmng‘Glﬁﬂﬁmamuyaﬁcethmﬂaﬁogmﬂﬁmmgauuctleylctoget her with
genes froma hu nol ecu riate al activity can
be used. Thes®&' I{I | qu %%enﬁgnmdlgﬁ&%agfegg‘gc}gw@ﬁ%ﬁ[ C% i bodi es
conpri sed of @amnagitic majm-obmbaﬁufoeamiclmdmrenecidmmlp&pﬁt&wgi\ﬂuhedtd\l ternatively,
t echni ques de CI‘I bed fo t he odyction of sin aln apt.ibodies (U. S

it ent  No. 4'% é GB@Q] éé{Hlty’ 53-1¢ay "B‘P%ﬁl?ggggrl g hai n anti bodi es
havi ng a de3|Amnaﬁpag,laﬂtmmaybahﬁplbybdaﬂﬁdmas Sablcfsgtﬁﬂhb‘tﬁfprﬁlhfcﬁfbf ed to
humani zed ant t hat coengi_neere ccor dj to the
ot hods of -t HECOR LTt SRl BHA U F e G e SSPHSR Rurmni ped
anti bodi es arxﬁeasmrss:ﬁ@&ﬁ&easé@mcepeaéﬁw%mmﬂg bt Pcrel@l . effdotor GunkBibn 320 to  Queen
et al., the engilre contents of_ whjch ar%ﬁl ncorpora ed herein.in their

entirety. [O0magiatedhy EbRiespieinesh &y e SY9lEC Biihdi ng sites of

the target pmedddigna QolypdfiRtesith r@wmeacﬁﬁﬂﬁrx@éyeﬂe R¥edk AW fin@ehNi ques. For

exanpl e, such
alternative, the nucleic acid may be operatively linked to a reporter gene; the

expression levels of the fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase II (GnTTI) activity and comprising the Golgi

localization domain of a heterologous Golgi resident polypeptide 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 the

L fusion polypeptide as a single mRNA molecule; their respective coding
( sequences may be linked either by an internal ribosome entry site (IRES) orby a
cap-independent translation enhancer (CITE). The reporter gene may be

translated together with at least one nucleic acid encoding the fusion polypeptide

having p(1,4)-N-acetylglucosaminyltransferase I (GnTIO) activity and

comprising the Golgi localization domain of a heterologous Golgi resident

polypeptide such that a single polypeptide chain is formed. The nucleic acids

encoding the fusion polypeptides of the present invention may be operatively

linked to the reporter gene under the control of a single promoter, such that the

nucleic acid encoding the fusion polypeptide and the reporter gene are

transcriibed into an RINA molecule which is altematively spliced into two



fragnents include, but are not limted to, F(ab')2 fragnents which can be
produced by pepsin digestion of the antibody nol ecule and the Fab fragnents
whi ch can be generated by reducing the disulfide bridges ofthe F(ab')?2
fragnents. Alternatively, Fab expression libraries nmaybe constructed (Huse
et al., Science 246:1275-81 (1989) to allow rapid and easy identification
of nonoclonal Fab fragnents with the desired specificity to the target
protein of interest. 10140] Once an gtibody or antibody fragnent has been
identified for which nodification in“the glycosylation pattern are desired,
the coding nucleic and sequence is identified and isol ated using techni ques

well known in the art. a. _Generation O Li nes For The Production O
Proteins Wt Wem%wen@rMWﬁbwobﬂlﬁ%PW oighyrepulimemBNASdfnt | nventi on
provi des hostyfelsq 3P Rl SRIE TR HRothP S rBRRRE Alth @R ko' Ot €i ns havi ng

nodi fied gl ycosyl ation patter ns In particular, the present Invention
provi des hostPOé)@IePfl@ysterrs for the generation of gl ycoforns of proteins

havi ng a rovegs %ﬁﬁﬁ“ | t he

i nventi o pr ovi des %1 ce#%ﬂt(e%l(l&%glséglid%%ﬁlg&lg%Qrﬁgmng:aeyg%& gz‘?@ﬁ%g. neered to

e E(pr e )ss e. g, 4?megylghcpﬁatgqy&pnsfdss¢iﬁ\(ﬁn’§ﬂ) activity and compnsmg the 4

P(1,4)-N acet mnyltra r []] .t Y, an conpri si ng
the Gol gi | oc%(}lglz%?iﬁ%%m oérl?iﬂimrfi1 gfggle% Satide oglg1 I‘d@%i %% 0%?“ pol ypepti de.
Specifically, exsmedadrwmaqﬂielmmgad iassmlowa;stja&ttﬁymrertm;ascnbed mtgueneer ed to

ol ypept | de. BRRPE POBY TS THlS s RaRetretat 1 pe P N Bai pr omot er
system [ 0142%eit ms@n’@ve&pemg fdqaereadrady belinked dither Wmsmai fbeegthe on provi des
ahgz;ﬂl (r:]gl ; ]E B’% oS é%gg);e)%l engi ne%%%%ﬁ%ﬁﬁgﬁﬁrﬁ%ﬁmcﬂ?%)o% nucl eic acid
P(1,4)-N acetrg(di}gbdlﬁﬁﬁ&i’ﬂeﬂ)ﬂohf asisgRReRotkd into LFINAl holeaild which i 13 and conpri si ng
e ool oL | oozl B, 09T, 1oy S ickorcl sau UM Sabage,  pol PRt 0o
conpri si ng atwhigtahién HHcHERRlard GO6HhSE respdtie eﬁéde@ﬁlmBﬂp&lyﬁub@vl ng
the oo Bifiocdi | PR EbOarHe e TR PRI P P FESRHBht ol ypept ] de.
systems for the generation of therapeutic antibodies, having increased Fc receptor
binding affinity, particularly binding to Fc activating receptors, and increased
effector function, including antibody-dependent cellular cytotoxicity,. Generally,
the host cell expression systems bave been engineered and/or selected to express
nucleic acids encoding the antibody for which the production of altered
glycoforms is desired, along with at least one nucleic acid encoding a fusion
polypeptide having B(1,4)-N-acetylgincosaminyltransferase Il (GnT1II) activity
} and comprising the Golgl localization domain of a heterologous Golgi resident
(‘ ' polypeptide. In one embodiment, the host cell system is transfected with at least
ime nucleic acid encoding such fusion polypeptide. Typically, the transfected
cells are selected to identify and isolate clones that stably express the fusion
polypeptide of the invention.
{0148] 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, other mammalian cells, yeast
cells, insect cells, or plant cells may be used. Typically, such cell lines are

engineered to further comprise at least one transfected nucleic acid encoding a



10143] Cenerally, any type of cultured cell line can be used as a background
to engineer the host cell lines of the present invention. In a preferred
enbodi ment, CHO cells, BHK cells, NSO cells, SP2/0 cells, YO nyelona cells,
P3X63 nmouse nyeloma cells, PER cells, PER C6 cells or hybridoma cells,
other mammalian cells, yeast cells, insect cells, or plant cells are used
as the background cell line to generate the engi neered host cells of the
invention. (See Ma, J. K-C., et al. Nat ure Genetics 4:794-805 (Cctober
2003) and references cited thereln) (§91 entire contents of which are
hereby incorporated by reference). [0144] The invention is contenplated to
enconpass any engi neered host cells  expressing a fusion po%ypeptide havi ng

3(1, 4) - N acet Jhglegeidedimolaculeaansntbody dagment contapg e Fseegion afpand conpri sing
the Col gi |Ocﬁhhé%tglo%ﬂhﬁj%f@hﬂmﬂﬁard?emJﬂﬁitﬁélQ&e‘QQ%ﬁ%on(%]\ughleﬁt%{hg%t pol ypepti de

as defined herein. ~10145 several nuclelt acids encoding a fusion
pol ypepti de hmﬂqm@fa(@lm;mglnb@meﬁwlgqlh@mnﬁMmmmepd@me (GTII1)

activity and g Qﬁﬁpglé mhqg B{ Hg&ﬂﬁ%qngB mﬁ t er ol ogous

ol gi reS|dent po ypepti expre trol of a
constitutive pmdmwmesmtheaMgerbn’amathcalzﬂammcdiw) Imeprbgsiton system

bl I d
St a01 e 1 0ULk B S5A ST R RS R 0,0,

tetracycline-reg caysone-in expressi on
system a | acusdi ascﬁacbgrpuﬂsmnohnwgosgeaarateathgleugmmdt hasvicellsi ofdihei bl e
expressi on syste a tenperature-induci ble pronoter system and a
netalIothloneFﬁlgéFal-inducible expression system If several different

nucl e: cI [6Bi%ls enclading gmbodiment tp@hqclmﬁpﬁdzdé&&cdﬂmg thga:ﬂ(bﬂad:f})an%ody ) I
acety gl ucosa erase I1]. (GTl | act vity an ri sing the Col gi
ocal i 2atton HeEhORrChSREREyupliit HR b Attt asics SBRTP de o e

hrrprl sed I Wi ?ﬁﬂtﬁeﬂdﬂeum&hta&&itd) ths Yi6dt edlls ﬁﬁraseu cibnds e higkyand stalslx pr esged gnder
the control of a t S re resse unaer
the control oﬂﬁ?g@ éﬂ? %ﬁ¥‘ﬁf n@@?{ angt %@&fﬁ§f1€¥gﬁﬁé§9§ﬁ | evel is
consi der ed t Oadeheh Bnsiidcerd asth g%ﬁﬁbﬁh&nod[@mg|gly@$slﬁiaﬂﬁbr&efeht&ésﬁlﬂn pol ypepti de

expression that does not hav e a SI ant rse.effect on cell growth
rate, and wi | FECHES GoRIAENRE I, ?‘Jd‘Eﬁ’? "pé? SRS BFP I pr essi on

|l evel s are de{@h m&aq@m&@@ﬂ@c&%ﬁwﬂy&@&m (GnTTI) activity, or (b)a
fusion polypeptide with beta 1,4-galactosyltransferase (GalT) activity, or (c)a
polypeptide with Golgi alpha-mannosidase I (Manll) activity, or (d) a fusion
polypeptide with GnTIII activity and a further polypeptide with Manll activity, or
(&) a fusion polypeptide with GalT activity and a further polypeptide with ManIl

activity. Clones clones are then selected and screened for stable expression of the
antibody-encoding genes at levels leading to high antibody specific
| productivities, and with stable expression of the glycoprotein-modifying
(~- glycosyltransferase genes at expression levels leading to modification of the Fc
region glycosylation pattern, including an increase in the fraction of non-
fucosylated oligosaccharides which may be either bisected or non-bisected and
which further may be of complex or hybrid type, which is associated with an
increase in Fc receptor binding, particularly an increase in Fc-FoyRIII binding
affinity, and an increase in Fc receptor mediated effector functions, including but
not limited to Fc-dependent cellular cytotoxicity. Selection and screening
methods are described below.
[0150] In another embodiment the order of the two transfections described above,

namely the antibody expression vectors transfection and the glycoprotein-



in the art, including Western blot analysis using an anti body specific for
the polypeptide having G1TlIIl activity or an anti body specific for a
peptide tag fused to the polypeptide having GaTlIIl activity, Northern bl ot
anal ysis using a nucleic acid probe specific for the gene encoding the

pol ypepti de having GiTIH activity or a nucleic acid probe specific for a
nucl ei ¢ acid encoding a peptide tag fused to the pol ypeptide having GiTl ||
activity, or nmeasurenment of GTlIl activity. Alternatively, a lectin my be
enpl oyed whi ch binds to biosynthetic-Products of the GiT1lll, for exanple,
E4-PHA lectin. Alternatively, a functional assay which neasures the

i ncreased Fc receptor binding or increased effector function nediated by
anti bodi es pruadifeng Pycosyltransédriss exgniession #eatws nnsfsctidneismenstsed.d.eaci d  encodi ng
a pol ypeptide,with TLLI i Vi y_he used,. | Jfurther alternative,
the nucleic a%%% &%@pb3305@§%t¥@%%§m iﬁwgﬂ #g a@W%%8$1%%“6§ﬁ8? t he

expressi on | eglgtaylrhngtfdrase fesmesivnpetigpand itte vithvhe gntlbody d3prédsion

acet yl gl ucosam nyl transferase .l | Tl | tivity and conprising the Gol gi
| ocal i zati on &&HAT n[n8'1‘°ﬁ§1’9{%?°§Pﬁlckﬁgﬁﬁoﬂyfép?ﬁ%fé&b%ﬂnﬁgﬂeﬁﬁg%ﬁde are

determ ned bfor s@sasate stitf)e expSdsgiolevelO6tRd giddelylinarsferdsd gerexpy #5sfon | evel of
the reporter gene, . The reporter, gene transcri hed together with the
nucl ei ¢ aci d(@?m@ﬁe eﬁ‘ﬁjbf‘ﬁgm&l?r&§ &nO#%‘ﬁ Yt yirlﬁ'éra‘é%e Y SRRYFEDERNA 1ol ecul e;
their respect jepRca€@df sugh cl6RE Weth eRhodPYkpRBsibl VSR 26 thag hppDingdRe | Nt er nal

ri bosone entry site (I RES) or bé a%rlbcap-i ndependent trans|ation enhancer

(CITE). The r g reatseprzibe slRwingrdd tq \Gepifredenegith stakle | east one

nucl ei ¢ aci d gpeRslbmdevenef iesptbspabyReRti fies HAVAY that lead to a
(1 (1,4)-Nacet y!@gl ucosam nyl transiterase 111 (GTIIIl) activity and
F

c(grrp]ri si ng t haodgrasion (o &gl 5o 5Ern Bhygesylatipn prtie Mk teras| iBgease Bf gi resi dent
pol ypepti de suedtdrNRbiuding FOFIE r@@ypm@mﬂdﬂ% &y hnll S f iR BRE in FOE nucl eic
acids encoding the fusion polypeptides of the present invention may be
operatively quWﬂnqd@tetdheefg@tﬁbr fuaptionen dnglpdieg  Fodepewdent otellglar 3 singl e

pr onot er, SUC&&S\;@&}){ he nucleic acid encoding the fission polypeptide and
the reporter gene are transcriibed into an RNA nol ecule which is

al t er nat {¥8lly spl ileedl b emppditgst, thepantibody-resding genesREd (thRNA) nol ecul es;
oo e, BB sk Gk e 48R a8 1 1 20 (e
either in a single expression vector or in separate vectors.
[0152] Typically, at least one nucleic acid in the host cell system encodes a
fusion polypeptide having B(1,4)-N-acetylglucosaminyltransferase IT (GnTIII)
activity or, alternatively, B(1,4)-galactosyltransferase activity, and comprising
the Golgi localization domain of a heterologous Golgi resident polypeptide or,
alternatively, it encodes a polypeptide with Golgi o-mannosidase IT activity.
{0153] Orne or several nucleic acids encoding a fusion polypeptide of the
invention may be expressed under the control of a constitutive promoter, or
altemnately, 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
systern, and a metallothionein metal-inducible expression system. If several
different nucleic acids encoding a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase III (GnTII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide are comprised

within the host cell system, some of them may be expressed under the control of a



pol ypeptide (0146] If several different nucleic acids encoding a fusion

pol ypeptide having P(1,4)-Nacetyl glucosam nyltransferase I1l (GTIII)
activity and conprising the Golgi localization domain of a heterol ogous
CGol gi resident polypeptide are expressed, they may be arranged in such way
that they are transcribed as one or as several nRNA nolecules. If they are
transcri bed as a single nRNA nol ecule, their respective coding sequences
maybe |inked either by an internal ribosome entry site (IRES) or by a
cap-i ndependent transl ation enhancer-5Cl TE). They nmy be transcribed froma
single pronmoter into an RNA nolecule which is alternatively spliced into
several separate nessenger RNA (nRNA) nol ecul es, which then are each
transl ated i ntoastithtdiepronesqroeiilevehenecopissd sidanthp conrpliih regelated (0147] I n

ot her enbodi nment s res i nv ntlon vi.des st ceII xpreSS|on
systems for tH&g %éjrﬁﬁﬁp ?@Wé?ﬂb@tﬁlisﬁo%f@fegéﬁ?eéggm ﬁcr eased Fc
receptor bi rldvemgfatﬁﬁlb msicm po@@eﬁﬁdétdx@reésybnhm%egn&tma@a agnﬁv@ﬁl ng receptors,
and i ncreased effe&tor unction, including antibody-dependent cellular

cyt ot oxi ci t y, 24veEss gt |qp. cell grawith sate, caad) Wikl py setemppcds Yere MitRave been

engi neer ed ar%&hnei@dusﬁt@qnésgo@mpa@a&édeta%e@bynﬁ&b@}eﬁaﬂ R4hPgn t he anti body
for which the production of altered glycofonns is sired, along with at

| east one nudn&e@rtezeﬂadlesﬂéf@m@loam%}s@ﬁng & FREbodrSPaniia feghe
P(L, 4) - I+ acetyglyirRsam A iapsi mhtady@geﬂc&r)a de¥dglileeq and conpri si ng

the Gol gi | ocalization domain a heterolo re5| ent pol ypeptide.
In one enbodltﬁ'&?ﬁJOIYP%dﬁb%’iﬂ&@Tlm§W%rﬁqf@3mMsﬁ%mse@nﬁ,ﬁtlwlm | east one
nucl ei ¢ aci d gpcRd. £ bysipn gl transfected
eI | s are sel e{catcﬂe%d {}ge %‘gnfl ?y gn eELl s?o d%epd%% at s%a ?91 express the
sipn pol y;ﬁébmdéamckm@mdmbﬁmpp@ﬁc forgnmdrﬂlc amﬂ,ﬂntcgqm@ept@ﬁt@mr ed cell line

fnceﬁf. used a6 hey Uk BRNGRT! Mfyic 0P tackiudt BPBnofy Lhe present
a prefe S, NSO cells,

SP2/0 cells, eﬁ@mﬁ‘&laemtyc eMt@nath@XG@kmw sey ﬂvyetnmlmtcd which &)}ndPER cells, PER C6

cel 5 o0 1Y OB ks O ORI B, RER o2kl ol o0t 0115

further conp rﬁmaomﬂ ajsgawhicomeasurea hefiectasdl Hruredeptiocbiadinglomnaeddedy a - 56-

effector function mediated by antibodies produced by the cells engineered with

the nucleic acid encoding a polypeptide with GnTII activity may be used. In a

further alterative, the nucleic acid may be operatively linked to a reporier gene;

the expression levels of the fusion polypeptide of the invention are determined by

measuring a signal correlated with the expression level of the reporter gene. The

reporter gene may be transcribed together with the nucleic acid(s) enceding said

glycoprotein-modifying glycosyl transferase as a single mRNA molecule; their

respective coding sequences may be linked either by an internal ribosome entry

site (TRES) or by a cap-independent translation enhancer (CITE). The reporter

gene may be fransiated together with at least one muicleic acid encoding a fusion

polypeptide having B(1,4)-N-acetylglucosaminyltransferase IIT(GnTII) activity

and comprising the Golgi localization domain of a heterologous Golgi resident

polypeptide such that a single polypeptide chain is formed. The nucleic acid

encoding the fusion polypeptide may be operatively linked to the reporter gene

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

fusion polypeptide of the invention and the reporter gene are transcribed into an

RINA molecule which is alternatively spliced into two separate messenger RNA



whol e anti body nol ecul e, an anti body fragnment containing the Fc region of an
i mmunogl obulin, or a fusion protein that includes a region equivalent to the
Fc region of an i mmunogl obulin. Typically such antibody production cel
lines are derived fromclones producing and secreting the antibody at high
specific productivities in the range between 20 to 120 pg/(cell.day). In an
alternative enbodinent, a hybridoma cell |ine expressing aparticular

anti body of interest is used as background cell line to generate the

engi neered host cells of the inventigp. [0149] In one enbodi nent the
nucl ei ¢ acids encodi ng the anti body, antibody fragnent or Fc-fusion

pol ypeptide are cloned into anti body-expression vectors and then are

transfected i e X nd | I on i t.h _high and stable
specific anti Eﬁé@ﬁ%}f 818%2@%8\’/ﬁ'?%/gf;]?egfe%létfngﬁRe]\?dA%ﬁﬁgr‘ssy}egélﬁtga"g? Bep?”q%uch sel ected
clones are t bl aadthé ethkeid transidledghtycap fisioaipalypestidt.yi ng gl ycosl ytransferase
expressiﬁﬁ vectog& cogkg%ging nﬁgleic aci ds encodi ng, for exanple, (a) a
fusion p ]_fﬂ_lepti de't SR gt A 1%°5’€§’E‘3¢F’§86y@8§%ﬂ?1mﬁp¥“ﬂ%ﬁ?§mér ase |11

(GhTM acti vi F%dﬁ)-@l’-acfcﬁflé%t}%ﬁ%n Bt BPIGI B\ AVRyRRE &mprising the _

1, 4-gal actosyl transferase (GalT) activity, or (c)a polypeptide with Col gi

al pha- mannosi &akee lqcplizatipm fpmaia of jahetspologaus Qp)si aedidest pelypepbds/prept i de wi t h
GnT] ]I activi f L i I E\VA or (e) a

fusi on pol ype%’%ﬁrﬁg&’wﬁ%fﬁgﬁfﬁaﬁ%ﬁ?%hgﬁgma&@%Eler]fmglgqe?\é%% eioée wi th Manl |
activity. C oasgvailedtSAmokctherif ey s trauicaled asangemBNA molegdgbl e expr essi on
of the anti bﬁl‘é%}e%gé’c\%g% ‘%%én%gsgtﬁfengeg Aae%EE&eh%ﬁQ@'{ﬁgﬁﬁte%?HbasHt' body speci fic

productivities, an € expression o grycopro eFﬁ-nDdifying

gl ycosyl t r ansémeryasite (RESe o1 by a eapindaendent travietien dnkaden@ITH). gy f i cati on of
the Fc region osyl.ation pattern, includin n increase.in the fraction
of non- fucos??g#é§a5¥F€%%§%Eﬁéﬁ%ﬁ%@bﬁﬁﬁ%Hﬂﬁ§9%@ﬂ§FPR§weBﬁ§§b¥ed or

non- bi sect ed gtghativéli Sflickdiintd@veriiRypabits BEssERHIRX (ARNRY Boledulky pe, which is
associated with an 1ncrease in Fc receptor binding, particularly an

i ncrease in FYLER{PRR FP canaRsiged igetherpspectiypepcadrditianpabecntidese recept or
nmedi ated effector functions, including but not |limted to Fc-dependent
cellular cytotoxicity..Selegtion and screening nethods are described bel ow
[0150] In anot her enbo&inenﬁm¥ﬁﬁmﬂgﬁﬁ?m%f the two transfections described
above,

[0155] Methods which are well known to those skilled in the art can be used to
-construct expression vectors contaming the coding sequence of the protein of
interest and the coding sequence of a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase Il (GnTIH) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide along with
appropriate transcriptional/transiational control signals. These methods include
in vitro recombinant DNA techniques, synthetic fechniques and in vivo

(— recombination/genetic recombination. See, for example, the techniques described
in Mamatis et af., Molecular Cloning A Laboratory Manual, Cold Spring Harbor
Laboratory, N.Y. (1989) and Ausubel ez al., Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience, N.Y (1989).

[0156] A variety of host-expression vector systems may be utilized to express the
coding sequence of the protein of interest and the coding sequence of the fusion
polypeptide of the present invention. 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 fusion polypeptide. Most preferably, CHO cells,



nanmely the anti body expression vectors transfection and the glycoprotein
-57- nodi fying glycosyltransferase expression vectors transfection, is
reversed, i.e., host cells are first transfected with the

gl ycoprotei n-nodi fying glycosyltransferase expression vectors and then with
t he anti body expression vectors. In such approach the clones fromthe first
transfection maybe screened for adequate stable expression |levels of the

gl ycosyl transferase genes by any of the nethods described further bel ow, or
alternatively by transiently transfe%élng replicates of such clones with
anti body expression vectors and thendpplying the screening nethods

descri bed further below in order to identify clones with stable expression

| evel of the cosyltransferase genes at levels that lead to a
nodi fi cation crles, NS0 eellsi @ﬂ/(bqey@a@maelp@ﬁ okt X3a¢0R maner MpeletAa i ncrease in Fe

receptor, in { i aﬁhﬁk increase in
Fe receptor féﬁg%?)g?\ecgﬁ%%%g%‘?&%% a{@gﬁgbagh ug{ I ng wﬁggg %gnt cel | ul ar

cyt ot oxi ci t y.cellf) ir5edt celis, er plant ¢otie areandsiod hnet nel] systhm. Smnt badplerfodi ng genes
and the glyc syl trans S negs are transfecte in a single
transfection S‘P Sy o §raq%ng'§° ?%Sfegmg&ﬁ'}:eeg%g %br? vlg rfngw{'% Separate

vect ors. [Olﬁaibteiiwsl ﬁﬂlréfymnmthbleﬁlsBoﬂnaanlmbaetiﬁwﬁBio% rm(4y pes-st cell system

d | ypepti de h 4) - N- | transf
1 Cami 1) R W Bfemetes df Hemrataorsione By Sradb sy st orase.

activity, and;omyRh 'Aﬁfd&genahﬁlﬁrugﬁﬁﬂf Cl9COh. %ﬁ%m 191@6'7&513(96029 ihet er ol ogous

Col gi resident pol ypepti de or ernatively, it encodes a polypeptide with

Gol gi a- manndshaddand Ghamewt Carr-Gp. Blotremi. 1@‘1&-&?“@@%@@@@@@3& aci ds

encodi ng a1 ushAn ORI OR: 5o WP obTY! B b Ml TRbcRiEndiiDLARS Y Under t he

control of a constrtutive pronot alternately, a regu ated expression

s%st em Sui teduk@’ycutaghfbsatceﬂi sestpn&awydm sondanephaged, i imdidinge  yelrtitceBls e not |imited
a tetracycl press ¥St & an cdysane-i nduci bl e

expressi on sys e?r%%ed ac- S\?\.Ilgq xpréé( lr‘sliq’in {lsei?s contm%gd%e (ﬁn

gl ucocor ti coisdgquienckuct theepreteinr e Sigiersst &;c’sﬂ:emodmgtseqqaﬁcreammhe-mmium bl e pronoter

system and a tal | ot.hi onei n netal -i nduci bl e essi on system | f several

Gt erent  nudeBREE P hEe BEERIEeq HhSEHS FUr SRR HEE ARG 3( 1. 4) SN

expression vectors (e.g., baculovirus) containing the coding sequence of the

"'h

protein of interest and the coding sequence of the fusion polypeptide of the
invention; plant cell systems infected with recombinant virus expression vectors
(e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or
transformed with recombinant plasmid expression vectors (e.g., Ti plasmid)
containing the coding sequence of the protein of interest and the coding sequence
of the fusion polypeptide of the invention; or animal cell systems infected with
recombinant virus expression vectors (e.g., adenovirus, vaccinia virus) including
cell lines engineered to contain multiple copies of the DNA encoding the protein
of interest and the coding sequence of the fusion polypeptide of the invention
either stably amplified (CHO/dhfr) or unstably amplified in double-minute
chromosomes (e.g., murine cell lines).

[6157] For the methods of this invention, stable expression is generally preferred
to transient expression because it typically achieves more reproducible results and
also is more amenable to large scale production, ie., production of the
glycoengineered antibodies of the present invention in production scale cell lines.
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,



acetyl glucosam nyltransferase Il (GhTJIl) activity and conprising the Gol gi
| ocal i zati on donai n of a heterol ogous CGol gi resident polypeptide are
conprised wthin the host cell system sonme of them nmay be expressed under
the control of a -58- constitutive pronoter, while others are expressed
under the control of a regulated pronmoter. The maxi mal expression level is
considered to be the highest possible I|evel of stable fusion pol ypeptide
expression that does not have a significant adverse effect on cell growth
rate, and will be deternined using rélitine experinentation. Expression

| evel s are determ ned by nethods generally known in the art, including
Western blot analysis using e.g., an antibody specific for the polypeptide
havi ng GnhTI | ltragsstiptiont ternoinatens, }mibtaﬂmtt;dosg@sj t¢.§; afids smmpteimmrag fused to

t he pol ypepti havi.n Tl t| VI Northe 0 bl ot . a S using a

nucl ei ¢ aci ﬁg?%’ﬁéﬂéeg‘é% plien g Wgﬁ &%&F%Qfﬁﬁg ‘ol ypept i de
havi ng GhTM g&ﬂ;trlfdtlltl}/d@;fs1ﬁamum{ohe&mamb,chnﬁrtnda@rsmwhédfo 4 @llecdvrucl ei ¢ aci d
encodi ng a pept.id a sed,to the epti de hayi GnTl Ll activity, or
measur enent 6’? 'eIIhFlsgecé‘?# {(T’r&“éﬁ %F“k’éipam%‘atsﬁ °:§’P¥ %}s MeefQetin may be
enpl oyed whi afe Riiddden tad amh@ssénbﬁtﬁt bfCcefll Ot l’iav@fstaﬁs}-ﬁhtbémteﬁ Qke exanpl e,
E4-PHA lectin, Alternatively, a fawgctl onal say. whi.ch neasures the

i ncreased Fc Prswishint ek Shromgseges S’é’&’s@cf‘m% cél’f’P’t?F i {5 C40PE nedi at ed by

ant i bodi es prcwgy@gﬂ addB@inEedel $in@NQgi neered with the nucleic acid encoding
a pol ype&tl de with 11 activity may be used. In a further alternative,

t he nucl 81¥8laci d ﬁﬁan?éf B’é‘?%?’?%wsmaﬁk%‘&e@vén%%ﬂw?%m& & the

expr essi on Ieﬂeeﬁ &2 hinfri&: \Eﬁ§kﬂ?«ﬁlxcﬁﬂ51ﬁ9§sgwﬁi‘ﬁeﬁmi ft%zm\mum))are det er m ned
by msasurlng SI nal” correlated with the expression |evel of the reporter

Cne, The @Hemwowéomhoaﬂ%ﬁf%@a (Sza@é*h&ﬁzwabh Pre6- nucl ei ¢
aci d(’s) encoqkraagAéa@* 8ci. gbﬁ@@mt(@m R é&maggmsyfo%wﬂ&aﬁmeerase as a

single NMRNA nol ecule; their @g |ve codl ng sequences may be |inked
gengs,

ei ther by an (kewesrwél Call 26566408 s, wiiighecap bReag)loys iy, bepetapr i ndependent
translation %BF%Ql‘fsefesée@hJe@ Aﬂ-&‘%téu@%&fohw%&es}g%ﬁ@ca%ﬂ%d%e%t@?%% ed toget her

with at | east”one nuclelrc acid’en usi on havi ng
0(1,4)- I\l-acet0§75¢j¢0[tlem§la'rdhﬁymhns¢feﬁa@@tﬂllb¢ tqn@ptﬁeste)(ataé‘i‘fuglmeyal and conpri sing

tsngheflhglt ;Og\l%ng e po pep t | {c]‘r% 26}1%5.? ] %&% elg‘!g\ctf%f%l& 3?5'542. dIOOI ypeptide

78:1527 (198 1)) gpt, wluch confers resistance to mycophenohc acid (Mulligan &
Berg, Proc. Natl. Acad, Sci. USA 78:2072 (1981)); neo, which confers resistance
to the aminoglycoside G-418 (Colberre-Garapin et al., J. Mol Biol 150:1
(1981)); and hygro, which confers resistance to hygromycin (Santerre ef al., Gene
30:147 (1984) genes. Recently, additional selectable genes have been described,
namely trpB, which allows cells to utilize indole in place of tryptophan; hisD,

o which allows cells to utilize histinol in place of histidine (Hartman & Mulligan,

( ] Proc. Natl. Acad. Sci. USA 85:8047 (1988)); the glutamine synthase system; and
ODC (ornithine decarboxylase) which confers resistance to the ornithine
decarboxylase inhibitor, 2-(difluoromethyl)-DL-omithine, DFMO (McConlogue,
in: Current Communications in Molecular Biology, Cold Spring Harbor
Laboratory ed. (1987)).



encodi ng the fusion polypeptide may be operatively linked to the reporter
gene under the control of a single pronoter, such that the nucleic acid
encodi ng the fusion polypeptide of the invention and the reporter gene are
transcribed into an RNA nolecule which is alternatively spliced into two
separate nmessenger RNA -59- (nRNA) nol ecul es; one of the resulting nRNAs is
translated into said reporter protein, and the other is translated into
said fusion pol ypeptide. [01541 If several different nucleic acids encodi ng
a fusion pol ypeptide having p(1,4)-M2acetyl gl ucosaninyltransferase |1
(&GTIIl) activity and conprising the Golgi localization domain of a

het er ol ogous Gol gi resident pol ypeptide are expressed, they nmay be arranged
in such way that they &@re tdantfcriidreQf Jsansiegands Or dsansfovemmgd. ThRNA nol ecul es.
If they are transcribed as Bipreps @haRiMteimblaeing lAeModifibé Glycosdgdient i ve codi ng
sequences may be |inked ei thsteby an internal ribosone entry site (IRES) or
by a cap-independent translation enhancer (CITE). They may be transcri bed

froma si pr o e BsQy : % i | Sta: ively spliced
into sevg@%PFseparg%ggﬁggge%ggyggﬁ%qﬁﬁg gﬁ@?%%%?&@?d§g ?%Eﬁ%hen are each
transl at ed i nbiglogisally agtize geust productsinay bel identsheadrbypd| lggse fivk geseral i . Expr essi on
Systens [0155 d },C r Al 1.0 .t ho killed in the art can
be used to c%’ﬁﬁ%gt@%%‘%gﬁoﬁr %%t%&‘g%%%éﬁuh?’@ﬂlﬁéﬂ%gncﬁ r?é sequence of

t he protein ofbsencatof fmakerd gehet frusctiond (¢) gssaingahe evdfof arafsaspton apol ypept i de

having R(1,4)-N-_acetyl gl ucosam.pyl transfe L1, (CGnTl Ll ctivity and
conpr igsi ﬁ]g t%}’é‘e@ﬁeé;%yﬁﬁe%@ﬁsygt%% reé%??ﬂ??@%%@@%d?%‘@hﬁgéc%l gi rgsi dent
pol ypepti de am@ng) détédion apihe @etd product aounsatief by dnAalhdasy ok b7 iitonal contro
signals. Thesg Epigpdsv'nclude in vitro reconbi nant DNA techni ques,
sgntbetic t ecHACETELYHY i n vivo reconbination/ genetic recombination. See,
for exampisg] t he tIe e firs gBodE,Skd prédeste of fae Maligatdusneiof tk proteMifecul ar Cl oni ng

A Labor at or yManual , | d ri ng Har ho Laboratory, N.Y.. (1989) and Ausubel
ol o T onterat b Rp (caThi PR ALAbe MEPBIR PP oL BB ng
Associ at es anghséfiell @ythé Bipeéssioh @atd cal\beXdetetR8 3y DNADIG] orrDNAHNA Y

of host - expr essi O_B, vect or systensmaybe utilizedto express the coding

sequence of t Rrfiza{auusng propescapgd eptile seyEncA L A5 HeReesWF t he fusion

to the respective coding sequences, respectively, or portions or derivatives
thereof.
f0161] In the second approach, the recombinant expression vector/host system
can be identified and selected based upon the presence or absence of certain
"marker" gene functions (e.g., thymidine kinase activity, resistance to antibiotics,
resistance to methotrexate, transformation phenotype, occlusion body formaﬁon
in baculovirus, etc.). For example, if the coding séquence of the protein of
interest and the coding sequence of the fusion polypeptide of the invention are
k ) inserted within a marker gene sequence of the vector, recombinants containing
the respective coding sequences can be identified by the absence of the marker
gene function. Alternatively, a marker gene can be placed in tandem with the
coding sequences under the control of the same or different promoter used to
control the expression of the coding sequences. Expression of the marker in
response to induction or selection indicates expression of the coding sequence of
the protein of interest and the coding sequence of the fusion polypeptide.
{0162] In the third approach, transcriptional activity for the coding region of the
protein of interest and the coding sequence of the fusion polypeptide of the

invention can be assessed by hybridization assays. For example, RNA can be



pol ypeptide of the present invention. Preferably, mammalian cells are used
as host cell systens transfected with reconbi nant plasm d DNA or cosm d DNA
expressi on vectors containing the coding sequence of the protein of interest
and the coding sequence of the fusion pol ypeptide. Mst preferably, CHO
cells, -60- BHK cells, NSO cells, SP2/0 cells, YO nyelonma cells, P3X63 nouse
nmyel oma cells, PER cells, PER C6 ceI | s or hybridoma cells, other mammal i an
cells, yeast cells, insect cells, | ant cells are used as host cell
system Sone exanpl es of expression é}stems and sel ection nethods are
described in the foI | ow ng references, and references therein: Borth et at,
Bi ot echnol . Bioen. 71(4):266-73 (2000-2001), in Werner et at,

Ar znei mi tt el f éPksdang amired Reorthegy Hyt 1ging agpbe homagsous jatheeriinasen and
Krumren, Currg Chanow,

Curr. Op. B ote nceFo?ﬁl%cﬁgtgﬂn ogfllﬁe%%%]_ @xe(cgﬁkgéke&u 1 o%g% p.

Bi ot echnol . 12olynédida ¥th¢ deetipn Otnaramlgmmalp& tévrmfdmdtgnmbvelnttbtelr C eukaryotic
host cell systaig. T8y BenCRM SRl ?tb%‘éyt(trdc{éﬁ'aﬁﬁj Ek%ed%‘?ﬁf%ﬁf‘ahé transtonned
Wi t h reconbi nan yeas expression-vectors con e Co |ng sequence of
t he protein obuchptrereest and t he codi ng sequence of the fusion polypeptide

of the i ion; in e t cell ens i nf.ect h onbl nt Vi rus
expr essi gﬁﬁ{%irctorst“( 3‘“& aﬁB‘i?P%\/tﬁP ?Spreé%?ﬁ gﬁe Fﬁbott?“ﬁ g fequence of the
protein of i npmtmbfﬁmbsthﬂtb@ebdm &qmemﬁhefﬁmdﬁepcﬂy;sepﬁdb podingpept i de of the

nventi on; t St ens. ted econbi n nt § expr essi on
i/e\étorls (e. gga ‘93\? eﬂﬁ Fa“?fﬁg ﬁi\t ‘fuglﬁﬁ E‘E’lﬁ/ﬁ?g’;l aorus ITI\/I\/)

or transfor nmdlgi\nidcbhzraﬁ@pmmaw@aagcﬁis espi ﬁslamrpowﬁ@hﬁé Sad(® Q. , Ti
plasm d) contai nlﬁcp t he co ni% i %gof t e protein of |]:rllt erest and the
cpdi Ny sequents= okoagﬁb BT s b PRSI S ani el cel
systens i nf ectebnwiiufio-pre€ifi h,l&ﬂymwhfm iEXHhEHRElyS And/ Gl 1S TR 0.

adenovi rus, vaccinia VI rus i ncl ¥u ing ( cell [Ii nes engi, neere%%o contain

mul tipl e copi B¥umste Eped Iﬁ\%“@%ﬁ)a FRESHPIGEFR bagfeven fodet Wend t he codi ng

sequence of t R&edtiof ioPihe BRIMREIY AdiPe RénclRRbtvention either stably anplified
(CHO dhfr) or unstably anplified in double-mnute chronpsones (e.g., nurine
cell lines). [0157] For the nmethods of this invention, stable expression is
general | ypreferredb. Generation And Use Of Proteins And Protein Fragments Having

Altered Glycosylation Patterns

Ws:

1. Generation And Use Of Antibodies Having Increased
Effector Function Including Antibody-Dependent Cellular

Cytotoxicity
[0164] In preferred embodiments, the present invention provides glycoforms of
antibodies and antibody fragments having increased Fc receptor binding and/or
' effector function including antibody-dependent cellular cytotoxicity.

(— [0165] Clinical trials of unconjugated monoclonal antibodies (mAbs) for the
treatment of some types of cancer have recently yielded encouraging results.

Dillman, Cancer Biother. & Radiopharm. 12:223-25 (1997); Deo et al,

Immunology Today 18:127 (1997). A chimeric, unconjugated IgG1 has been

approved for low-grade or follicular B-cell non-Hodglkin's lymphoma. Dillman,

Cancer Biother. & Radiopharm. 12:223-25 (1997), while another unconjugated

mAb, a humanized IgG1 targeting solid breast tumors, has also been showing

promising resuits in phase III climical 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 tumeor destruction by



to transient expression because it typically achieves nore reproducible

results and also is nore anenable to | arge scale production, i.e.
production of the glycoengineered antibodies of the present
i nventi oni nproductionscale cell lines. Rather than using expression vectors

whi ch contain viral origins of replication, host cells can be transforned
with the respective coding nucleic acids controlled by appropriate
expression control elenments (e.g., pr@noter, enhancer, sequences, -61-
transcription term nators, polyadenylation sites, etc.), and a sel ectable
mar ker. Follow ng the i ntroducti on of foreign DNA, engineered cells may be

al | oved to gyl Ol 2,05 il 0 AT SIENGE IRl GaccBidhiio @ swi tched to

a selective e se I na pl asm d confers
resi st ance t owitt lfiee smhac&;peclﬁcmmjcahbtomg&eéf&mtor dmctidns o] dudficidnitch have stably

integrated the t hr Sone o formfoci which
inturn can H’é’teng}'gﬂj&?gﬁlﬁ% ye")?ﬁéﬁ&%?f%f%?na@éf”foﬁﬂgéﬁ %ﬂlggﬁfuﬁ nunber of

sel ecti on sysdleNgmmmydrberBETR4-21(CIH0i Fug sorbeibf theed weakes rh &6k, bdjunctt he her pes
sinplex viru di ne ki nas

s m Wgler. et al., |l 11:223 (1977)),
hypoxant hi ne-’é’t?%eﬁléer%ﬂﬁPﬁ%é@%gﬁt%s&@?%@ff CEK RIS y haj ski, Proc.
Nat|. Acad. SeiibodySBpdfieRQausirk aammy@mcamda@s@@aﬁmwnymyl transferase
(Lowy et at, Cell 22:817 (1980) enes, can be eng{ gﬁé@d in tk-, hgprt-

or aprt cel |TSmbppeheiEaiag Jympkoees. aWPFtr%taébGWCF"eng ®ican be used as

the basis ofgys@l QLI 0N FkundAbs 1oWRLDN (@m eraesd %@%ﬁcﬁ@nmt hot r exat e
(Wgler et at, A  Natl. Acad. Sci. USA 77:35 1989); 'O Hare et at, Proc.

Nad. Acad. Scitibagsparested selisis (riggerey ppongpindingpfilegkoesismeatidors isthet ance t o

nycophenol i ¢ Rgdight fdMdnl 7Y BParfiboBRY Deo E’zra@cfmnhﬁbzbgﬁ%dw 199{(199%5A 78: 2072
(A981)); neo, which confers resistance he am M@ cosi de 0-418

(Col ber r W18 api n Acdiffanent, buj complpmentarg) aPP@S@**?LmC{GE@ aglifdty®fgr o, whi ch
confers resi ShaffatR By wceadgm@&m@%n% gibh ofkhe anttB8y. Bfbickft 7 (1984)

genes. Recently, "additronal selectable genées have been’described, nanely
trpB, which engipesingsturiss hayeghown that Fpr&ﬁdn@rapmﬁlth@eweﬁmgefpmmhan hi sD,

M |1 gan, P RE E iy Bl bl Dbyl 95080 ). Bt 2 e ©
synt hase systhenR biadihg a@@quMQMewe@égmomm}dndm)wmhﬁmm ers resistance
to the ornithiRe  nserved Asn297 in the CH2 region. Lund et al., J. Tmmunol. 157:4963

69 (1996); Wright and Morrison, Trends Biotech. 15:26-31 (1997), suggesting

that either oligosaccharide and polypeptide both directly contribute to the

interaction site or that the oligosaccharide is required to maintain an active CH2

polypeptide conformation. Modification of the oligosaccharide structure can

therefore be explored as a means to increase the affinity of the interaction.

[0167] An IgG molecule carries two N-linked oligosaccharides in its Fc region,

o~

one on each heavy chain. As any glycoprotein, an antibody is produced as a
population of glycoforms which share the same polypeptide backbone but have
different oligosaccharides attached to the glycosylation sites. The
oligosaccharides normally found in the Fc region 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 a
variable degree of terminal galactosylation and core fucosylation. Some studies
suggest that the minimal carbohydrate structure required for FeyR binding lies
within the oligosaccharide core. Lund et al., J. Immunol. 157:4963-69 (1996}



decar boxyl ase inhibitor, 2-(difluoronethyl)-DL-omthine, DFMO (MConl ogue,
in: Current Commrunications in Mlecular Biology, Cold Spring Harbor
Laboratory ed. (1987)). -62- ii. ldentification O Transfectants O
Transformants. That Express The Protein Having A Mdified dycosylation
Pattern [0159] The host cells which contain the coding sequence and which
express the biologically active gene products may be identified by at |east
four general approaches; (a) DNA-DNA or DNA-RNA hybridization; (b) the
presence or absence of "marker" geneb¥unctions; (c) assessing the |evel of
transcription as neasured by the expression of the respective nRNA
transcripts in the host cell; and (d) detection of the gene product as
measur ed [B168] mmno’ﬁlmagﬂsgforbgani;telsdeﬁbfttiﬁemlﬁh@ajsedanﬁnduﬁt}wnd[a@i];lﬁm]a In the first
approach, theg ce of f interest
and the COdI ngd%geqdﬁgﬁoc;%eo(}o Hﬁﬁlggtgum on a%%ﬁ@%eﬁ’tmﬁa oﬁ @htgé? ‘\lllée(r%\[tl on inserted
in the expresshg‘:rsadtbﬁdmdetemnnmwﬁt gtet. dgGhyxpbisked INAese ce I s MG

hybri di zati on, usin r,obes c ucl eotide se ce hat are

honol ogous BW%ggﬁgesbb?ﬁqg\fggﬁg ? E’g&ﬁ@ﬁ&'&t @‘ V‘Z‘f or portions or
derivatives hne}zﬁ@bwzo(gg)xmmm (ustBS) iﬁ@@ﬂﬁst@:ﬁﬁﬁﬁé&hﬂy&ﬁ@&v&ﬂﬁﬂrﬁbl nant

expressi on vector/ host S g\ can he ? ified and sel e¢cted based upon the
presence or affééﬁ’é}é?m@fpl‘é%* E““?Férl&@ ‘g@ﬁémdﬁ@t"?%’ﬁg abgeRing ¢ hyni di ne

ki nase acti Vi 3%NAESEI 68 RE &s R caBinDI Qt1fé¥)‘5et all EBlcsBisnge 3R 1ABRNOt I exat e,
transformati on Bhenotype ocCl'usi.on body fornation i n bacul ovirus, etc.).

For exanple, (¥9%9hdhefHesiydesizer atibodyarachedsa sypilar gianimat 7 i 4PESt and t he

codi ng sequens&vﬁ; ab CANPRISTRN HPRLBES AL fré@ced it ifdhdveNtiined) baf & | nserted
wi thin a marker gene sequence of the yVector, reconbinants containing the

réspective coHBPH§CRelrte aaibedncecniglens: f ed by the absence of the marker

gene fungpjeap. A t’ﬁfe@&Wﬁ*rHanﬁgeH?srﬂéﬁﬁal%&%eﬁQﬁnéhqtaﬁis%ﬁ%ﬂlﬁnfaandem with the
codi ng sequenhces under the control of sane or different pronoter used to

control the eXidsednsd bip @Fm?%mé@dbﬁﬁd“@et}@@ﬁc@@“m%s@ﬁwe of athe marker in
bisecting GlcNAc. Lifely er al., Glycobiology 318:813-22 (1995). In the N-

linked glycosylation pathway, a bisecting GlcNAc is added by the enzyme p(1,4)-
N-acetylglucosaminyltransferase III (GnT IID). Schachter, Biochem. Cell Biol.
64:163-81 (1986).

[0170] Previous studies used a single antibody-producing CHO cell line, that was
previously engineered to express, in an externally-regulated fashion, different
levels of a cloned GnT I gene enzyme (Umana, P., ef al., Nature Biotechnol.
17:176-180 (1999)). This approach established for the first time a rigorous
correlation between expression of GnTIII and the ADCC activity of the modified

Yy . antibody.

( [0171] Further antibodies of the invention having increased Fc receptor binding
affinity and increased effector function include, but are not limited to, anti-human
neuroblastoma monoclonal antibody (chCE7) produced by the methods of the
invention, a chimeric anti-human renal cell carcinoma monoclonal antibody (ch-
G250) produced by the methods of the invention, a humanized anti-HER2
monoclonal antibody (e.g., Trastuzumab (HERCEPTIN)) produced by the
methods of the invention, a chimeric anti-human colon, lung, and breast
carcinoma monoclonal antibody (ING-1) produced by the methods of the
invention, a humanized anti-human 17-1A antigen monoclonal antibody

(3622W54) produced by the methods of the invention, a humanized anti-human



response to induction or selection indicates expression of the coding
sequence of the protein of interest and the coding sequence of the fusion
pol ypeptide. (0162] In the third approach, transcriptional activity for the
coding region of the protein of interest and the codi ng sequence of the
fusi on polypeptide of the invention can be assessed by hybridization
assays. For exanple, RNA can be -63- isolated and anal yzed by Northern bl ot
usi ng a probe honol ogous to the codin sequences of the protein of interest
and the coding sequence of the fusionf®pol ypeptide of the invention or
particular portions thereof. Alternatively, total nucleic acids of the host
cell may be extracted and assayed for hybridization to such probes. [0163]

I n the fourt hcappetaidumnor @h@@)(ﬁﬁé)&@dme by thiymethodn oithe ipretiontas of t he
protein of in an® | qipeptide having
D1,4)-N aceté}ﬁ @ﬁ%osg\%a% tran c?lg Q&gyﬁfﬁ}%&?%a%}fl%?)éﬂ%@ﬂ?% and conpri sing

the Golgi | omaﬂu@dbyﬁnmdthn@qfthwﬁmanm mdcalcbnymusaﬂeﬂngnamsmrﬂamt pol ypepti de

unoassays SHA SEIORMAHRY COF B AL G SRS RGP AKBE | munoassays

and the |ike. inVation tntahtivhirRari sell ceif lnbdiarcioanm effoddnal AntbeyBRELKI on system
however, inva S t n, of the l.cally acti ene products.
b. Generati oniuﬁﬁa q\ggt"@squ {‘g%ﬁé)ﬁﬂ%“‘ﬁf?&@?ﬁl% EF%W Al tered

G ycosyl at i onaﬂﬁaﬁﬂn%nsndn.z{(ﬁgm.ﬁ@am,ﬁﬁhoﬁad e clhalAndntibei e@eklawi Ng | ncr eased
Ef fector Funciion Inclug§ I body- Esnde t C?* 5?% toxicity [0164]
In preferred &MBHPRENt °“°ﬁ ?C EReeiam plastreieee. g forms of

ant i bodi es anﬁh@@kﬁﬁgﬁ;ﬂﬁdﬁ@@mﬂ&ﬁe BRHoBE of RS ﬂﬁrSﬁﬂmF@nrﬁxﬁQﬂhﬁﬁ bi ndi ng
and/or effector function including antlbodéHerendent cel

cftotioxicity. squarRes) celbhipadjapd peck catgingma fogad H’é‘ﬁ?@d%é@p SI ant i bodi es

(mAbs) for th@yste'&ﬂs?ﬁieﬁﬁ@d bijheSﬁHm:de)éPﬂfé @fenﬁ@lnﬁrﬁﬁnﬂlﬁifﬁnrre&ﬁ%hy yi el ded
encouragi ng results. man, Cancer Biother. & Radiopharm 12:223-25

(1997); Deo eqokgtcarcmomwvﬂ el mitrady @@q%iede%glgmfb) @9“&9?%@?3?‘% unconj ugat ed
1 9gG has beenyyejicome) prepared by the methods of the invention, an anfi-human ovarian

carcinoma monocional 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-buman malignant glioma monoclonal
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 turnors monoclonal antibody
(' ) (CEA-Cide, Immunomedics) produced by the methods of the invention, an anti-
human colorectal carcinoma monoclonal antibody (lodine 131-MN-14,
Immmunomedics) produced by the methods of the invention, an anti-human ovary,
kidney, breast, and prostate carcinoma monoclonal antibody (MDX-210,
Medarex, Novartis) produced by the methods of the invention, an anti-human
colorectal and pancreas carcinoma monoclonal antibody (TTMA, Pharmacie &
Upjohn) produced by the methods of the invention, an anti-human TAG-72
expressing carcinoma monoclonal antibody (MDX-220, Medarex) produced by
the methods of the invention, an anti-human EGFr-expressing carcinoma
monoclonal antibody (MDX-447) produced by the methods of the invention,
Anti-VEGF monoclonal antibody (Genentech) produced by the methods of the



approved for |owgrade or follicular B-cell non-Hodgkin's |ynphoma. Dl hnan,
Cancer Biother. & Radiopharm 12:223-25 (1997), while anot her unconjugated
mAb, a humani zed 1g@ targeting solid breast tunors, has al so been show ng
prom sing results in phase Ill clinical trials. Deo et at, |nmunol ogy Today
18: 127 (1997). The antigens of these two mAbs are highly expressed in their
respective tunor cells and the antibodi es nedi ate potent tunor destruction
by -64- effector cells in vitro and in vivo. In contrast, many ot her
unconjugated mAbs with fine tunor spgdeificities cannot trigger effector
functions of sufficient potency to be clinically useful. Frost et al.,
Cancer 80:317-33 (1997); Surfus et at, J. Immunother. 19:184-91 (1996). For
sonme of theseinmmioa,rmmdﬁshunadjbmaett lungyprodtitaea:ﬁrmnaw dairooraraadt | y bei ng

t est ed. Add|t| n_of cytoki nes ) ant nt cellul ar
cytotoxicity T tpigano W@P’é’&gﬁ ﬁtr@@? %A&hge’gﬁf?ﬂﬁ‘geggﬁ ®circul ating

: prhOCKt es. 115161%3% eﬁthalingvglgﬁdﬁ?%ﬁ[gicgﬁ a3111|71m§13n (a&:ﬂ@ﬁiyﬁlogecﬂé&i lllﬁkﬁﬁl(aj.m J. g
nmunot her a ic.attack on. antibody-targete
cells, is trlﬁa%?%aﬂ?ﬁg&f’d% dﬁ?‘?‘?&nélf@“@ K RFIgAe JHEPRERPIdBeRE . const ant
region (Fc) Okhe aefHoROSHRSinvdaB6h Slm AlditiohHMROLREY is tRdavd h8ndubdy (1997) . [0166]

A different, but conpl enentary, approach to increase ADCC actl vity of
unconj ugat ed ﬂrwf‘élt?-%d%"’éﬁ@itwml?ﬁ@nFé regiqy; B3 ippquitienhin thedey. Protein

engi neering stUdhesidhauRghbaun. that FcyRs interact with the |ower hinge
region of the 1gG CH2 domain. Lund et at, J Imunol. 157: 4963-69 (1996).

However, FccR binding also requires the presence of oligosaccharides
coval ently attached at the conserved Asn 297 in the CH2 region. Lund et at,

J. Immunol . 157:4963- 69 (1 Wi |son Trend i ot ech.
16:26- 31 (1997), sugges$tin 8“’?%‘?&9 &“ﬁﬂ%ﬁﬂdﬁu é‘?ﬁ% h%gm ypepti de
both directly contribute t ot 19n |té ©

TR
ol i gosaccharide is requi redI“tnb‘mﬁﬁ]P Yl&l?#a?ﬁora@ﬂ%dwd%wwgﬁu de

conformation. Mdification of the oligosaccharide structure can therefore
be expl of@d2las a rmsadi'scussmdi zh;oveeatheptdsmtaﬁxfehﬂdﬂ yelamés tohe mettiodr et i on. [0167]

An |1 gG nol ecul e carr des its .Fc region, one
on each heavy™tHEE "7 crgﬁ%’ 0'51?19@8%?’%{“ 5%%5 iR of Q’%‘P%’&ﬁced as a

popul ati on of angibydied armiss wdhie@éde&leérhtg tﬁaagrﬁ:o@oitjbn@aﬁérﬁieﬂhaﬁkbone but have
region of such antibodies, in particular by engineering the antibody-producing

cells to produce a polypeptide with, e.g., GnTIII activity or Gal T activity, or .

ManlI activity, that modifies the oligosaccharides attached to the Fc region of

such antibodies. 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 immunoglobulin, not only by

therapeutic antibodies, since the changes introduced by the engineering of

glycosylation affect only the Fc region and therefore its interactions with the Fc

receptors on the surface of effector cells involved in the ADCC mechanism. Fc-

containing molecules to which the presently disclosed methods can be applied

include, but are not limited to, (a) soluble fusion proteins made of a targeting

protein domain fused to the N-terminus of an Fe-region (Chamov and Ashkenazi,

Trends Biotech. 14. 52 (1996) and (b) plasma membrane-anchored fusion

proteins made of a type II transmembrane domain that localizes to the plasma

membrane fused to the N-terminus of an Fc region (Stabila, P.F., Nature Biotech.

16: 1357 (1998)).



di fferent oligosaccharides attached to the glycosylation sites. The

ol i gosaccharides normally found in the Fc region of serum|1gG are of conpl ex
bi -antennary type (Wrnald et at, Biochem stry 36:130-38 (1997), with | ow

| evel ofterminal sialic acid and bisecting N acetyl gl ucosam ne (d cNAc), and
a variable degree of termi nal gal actosylation and core fucosylation. Sone
studi es suggest that the mnimal carbohydrate structure required for FcyR
binding lies wthin the oligosaccharide core. Lund et at, J. | mrunol

157: 4963-69 (1996) -65- [0168] The mobke- or hanster-deri ved cell lines used
in industry and academ a for production of unconjugated therapeutic mAbs
normal |y attach the required oligosaccharide determnants to Fc sites. 1gGs
expr essed0173] t heselndgbé baskiofiectubla diksion tratviey &) thet targetiigsdmtaimdira@c NAC f ound i n

| ow armounts i rum.l _ Lifel CObI oI 0 318;813-22 (1995).

I n contrast, B]tnﬁl\f\‘/ﬁs gggf\ n1plf°t818tél i draﬁiﬁa%usg %ﬁé pPoaauced

humani zed | g&nadt@%@&ilﬁoﬁjtb)thﬁwauuednt&mmbﬁecrrhe rz@phcﬁﬁ&NAc pregegigne of its

gl ycoforns. Lif et .at bi 318:.813-2 he rat

cei | -derived 3% ‘ﬁf’%@ ﬂ’f"g?ﬂﬁ’f'gff}/cﬁ% ﬁ‘? Fﬁﬁm ‘H%’F@#‘\/‘%’T‘E Rﬁé@‘ activity as
CAVPATH- 113 apijtbtogit aersify] Betigedby thesinilddaleslwoilll hekdfere Se idetticablo
significantly | ower ant]i bod&éconcent ratJ ons [0169) The CAMPATH antigen is

normal |y pr esdiseedodgppfirdiiathsrapesi ap cells, and this chinmeric mib

has hi gh (§3G{ actlwthe/casaor&ema&ie.mo@a ﬁ@mnqir&eﬁ& w)gh&ﬁ%%ableu fely et at,
d ycobi ol ogy 318:813-22 (1995). In the N linked glycosylation pathway, a

bi secting G ¢ Rl 1 the B‘Eﬁi’é’é"%&? eE‘PFéSSéFFz%enfgibqg tlz}y fusionprotei. This can

N-acet yl gl ucosaypnyed &eshe %eaas,ﬁm&dpy abfPabhds! 19, by al@edihng khe o@npﬁhem Cel |
Bi ol 64: 163-81 (1986). 701 Previous studiés used a sin

ti body- pr odtie ih el ot viraljector etdipsexpprdon oifls @181@%310 r ed to

express in a&c@&h@ﬁg@ﬁ’é {oym{d%ﬁﬂlbﬁt&ﬂs fd%sh?la Blant%&ﬂ 0 &@tbod} %Y@én% of a cloned
GT |11 gene enzyne (Urana, P., ture Bi otechnol’ 176- 180

(1999)). Thi seepfrely eneteesredip F’SM@S@ tkfeoﬁmmmotﬁmro@tthm Sweface. ﬂihgéﬁt@us
correl ation bghpess @ Bﬁﬁéﬁ'l%‘uﬁﬁ Jar@d il 'Jhe yifet io¥ishiy of the
t

nodi fi ed antibody. 1713 Fur ant i bo es o I"'nventl on havi ng
i ncreased Fc (eg@,e@pj{lﬁpd ertlifl¢raRy) 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 Fe-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 the fusion polypeptide of the invention or by
engineering the cells to be implanted to express adequate or maximal levels of the

fusion polypeptide of the invention.

Therapeutic Applications of Antibodies, Antibody Fragments, and Fusion
Polypeptides Produced According to the Methods of the Invention.

[0175] The antibodies (i.e., the antibodies, antibody fragments, and fusion
proteins comprising a region equivalent to the Fc region of an immunoglobulin)
of the present invention can be used alone to target and kill tumor cells in vivo.
The antibodies can also be used in conjunction with an appropriate therapeutic
agent to treat human carcinoma. For example, the antibodies can be used in
combination with standard or conventional treatment methods such as

chemotherapy, radiation therapy or can be conjugated or linked to a therapeutic



affinity and increased effector function include, but are not limted to,
anti-human neurobl ast oma nonocl onal anti body (chCE7) produced by the

nmet hods of the invention, a chinmeric anti-human renal cell carcinoma
nonocl onal anti body (ch- &250) produced by the nethods of the invention, a
humani zed anti-HER2 nonoclonal antibody (e.g., Trastuzumab (HERCEPTIN))
produced by the nethods of the invention, a chinmeric anti-human col on,

| ung, and breast carcinoma nonocl onal antibody (ING 1) produced by the
met hods of the invention, a humani ze®-anti-hunman 17-1A anti gen nonocl onal
anti body (3622W4) produced by the nethods of the invention, a humanized
anti-human -66- col orectal tunor antibody (A33) produced by the nethods of
t he inventiondwanruamLhEWdhamambhmhﬂmmoammhbnﬂ¢ﬁmﬁﬁ4ythﬂwmtéd agai nst GD3

ganglioside produc met h t |nvent|on and a chineric

anti - human squ%h% S?‘?}ét}%ﬁpegl} %%%ﬁ%ﬁ ﬂg%%afc an |body ( SF-25) produced by
t he net hqakr6df theTechmqmtfar@anju@ungmchthhmpmmcsgmtslto mbd;dxésufegvauar ci noma
nonocl onal ( BE Kga ed by the
net hods of th&?ﬁ%ﬁf%%ﬁe@m 0%%%%1% ‘{VJ\% WQA\)&% nonocl onal
?ntl Eodyl ( Bex®augs ﬁmﬁ%dr'-’meﬂﬁﬂ Jm) z&@ddnaPhgﬁmb euh&@h&)—dmm? Iﬁm

Techni cl one, Ther apeut | roduced by ods of the invention,
an anti - hunanR)”lsggh%{r%dﬁéssePP zr‘ég)é é#&fﬁeld?@ By @%ﬁb:ﬁégﬁ%ﬂ @hal anti body
(C225, | nCl oneanthates W) IRAE PRIy Yint OB ORINDAS Dhinidhe (2davedsi on, an

anti-human rectal and  colon carcinoma nonocl onal_antibody (Panorex

(edr ecol omab) RouBinGtH(edsg) i 623-3Masheskkpr bpaPEo: Bymendnfigadiods of the

i nvention, ancaffels M&oﬁm Bm@ﬁf{cﬁﬂﬂ% MRIQGHAM a0 @abitbrgdy (Theragyn,
Anti soma) produced by the met of the |nvent| on, an anti-human acute

myel ggenous | éﬁ‘k@ﬁieé}ééa?’éfoﬁffﬁ#”WﬁWIlMHC“‘Mslm?a@WQM% Protein
Desi gn Labs, 1&?5)%(()98@? QAR 47 iR P?&Iaﬁﬁ&?AﬁH Cstdiibxit Bopalids@, an

anti-human mal i gnant gl'i oma nonoclonal ~antib Cot ara, Techni cl one,

Canbri dge Ant ABWY@@H@HB@WS"&@HW&@%WZ ilf? 8fd?%kds of the invention, an
anti - humggy -8 cel | mﬁoagka m@ugpmnmp%mewﬁa%@?% 'DEC- Y288,

| DEC Pharmaceuticals) produced the nethods of e I nvention,
anti - human sofadigtion agrn, sradmﬂgtpmmh a3l bb wich, when localized at the tumor

site, results in a killing of several cell diameters [see, e.g., Order, "Analysis,
Results, and Future Prospective of The Therapeutic Use of Radiolabeled
Antibody in Cancer Therapy", in Monoclonal Antibodies For Cancer Detection
And Therapy, Baldwin et al. (eds), pp. 303-16 (Academic Press 1985)].
According to yet another embodiment, the antibodies of the invention can be
conjugated to a second antibody to form an antibody heteroconjugate for the
treatrnent of turor cells as described by Segal in U.S. Pat. No. 4,676,980.
[0178] Still other therapeutic applications for the antibodies of the invention
include conjugation or linkage, e.g., by recombinant DNA techniques, to an
enzyme capable of converting a prodrug into a cytotoxic drug and the use of that
antibody-enzyme conjugate in combination with the prodrug to convert the
prodrug to a cytotoxic agent at the tumor site [see, e.g., Senter et al., "Anti-Tumor
Effects of Antibody-alkaline Phosphatase", Proc. Natl. Acad. Sci. USA
85:4842-46 (1988); "Enhancement of the in vifro and in vivo Antitumor Activites
of Phosphorylated Mitocycin C and Etoposide Derivatives by Monoclonal
. Antibody-Alkaline Phosphatase Conjugates”, Cancer Research 49:5789-5792
(1989); and Senter, "Activation of Prodrugs by Antibody-Enzyme Conjugates: A
New Approach to Cancer Therapy,” FASEB J. 4:188-193 (1990)].



(CEA- Ci de, | mmunonedi cs) produced by the nethods of the invention, an anti-
human col orectal carci nonma nonocl onal anti body (Iodine 131- M\- 14,

| mmunonedi cs) produced by the nethods of the invention, an anti-human ovary,
ki dney, breast, and prostate carci noma nonocl onal anti body (MDX-210,

Medar ex, Novartis) produced by the nethods of the invention, an anti-human
col orectal and pancreas carci nona nonocl onal anti body (TTMA, Pharnacie &
Upj ohn) produced by the nethods of the invention, an anti-human TAG 72
expressi ng carci noma nonocl onal anti{8dy (MDX-220, Medarex) produced by the
met hods of the invention, an anti-human EGFr-expressing carci nona

nonocl onal anti body (NMDX-447) produced by the nethods of the invention,

Ant i - VEGR1T§noc| orkall aasthediloalape(ifdane fir &xtantitprdid of the idvgntiohénwobteliods of t he
-67- invention, an anti-human breas | un rostate an ancreas carci noma
and mal i gnanuts‘é’neé%?hg‘n%e RONBET 8&591119;?}{1?1%88@5 %é?gfl%? O%'&Hﬁgﬁ) pr oducedby

t he Imet hf)ds &fi%ddg&okiﬂ\t&[jﬁgia&molrﬁﬂdre&jbi!noaﬁélisﬁ&ﬂ'f‘tﬁé\b‘ cﬁ;@ﬂiaﬂoﬂﬁiaﬁl&ﬁnogs Igult;em' a
nonocl onal _anti.body nocl onal Anti body nj ugate, | nex) produced by
the methods JBUEHE AI"%QI\?/&WE fo ?aﬂpﬁw%ﬂp?%éﬂ?%%{%‘é‘%mﬂ?%“f@%m rected to
anti body fr agieEsiitreatitbnt wish @6 ardibedyaind tie GRABH iSAIS backiRE HRPaddpat 1S
equivalent to the Fe region of inmmnoglobulins., ii. Generation And Use O
Fusi on Pr ot eilffs @Bridtpsey figl ABopeMprsew Bggmg MsmgMopgelpppl Artihedigs’on Of  An

| munogl obul incihatnftnenB(s srasMadept ed Cytotoxicity [0172] As discussed
above, the (ﬁresent invention relates to a nethod for increasing the Fe

recept or [088¥di ng Arrthermere. chirapriseniradics rerompinsetimennepxiptadaient i c
anti bodi es. ThisHitnP ChiRYGH ol?%h@ri}ﬁleﬁ'tﬁfr‘xrb&&iﬁig% tgénx_ fﬁﬂtﬁtom?%gattern of the

Fe region of such antibodies, in particular ngi neering

agti hody- pr odEgecpindieg regiqro op thsd drsedy mywpslprabtantieodyi miy be uged GnTI | |
activity or GaloLuaGhl, Vied Yxarlic, tiele-Bak tibihotol e be FRS RS, t he
ol i gosacchar i(agéer%p gt t agheog %{%ﬂ{lﬁe Fe glrkfegl onﬁ{dgﬁ Dsoslj%ﬁ gﬁ?%o Ies. This
strategy can meay gpistd tedreaidiumae paseizendigvinedi at ed cel lul ar  cytotoxicity

R R e

of an antibody of the invention joined to at least a functionally active portion of a

second protein having anti-tumor activity, e.g., a lymphokine or oncostatin can be
used to treat human carcinoma in vivo. Furthermore, recombinant techniques
known in the art can be used to construct bispecific antibodies wherein one of the
binding specificities of the antibody is directed to a tumor-associated antigen,
while the other binding specificity of the antibody is that of a molecule other than
said tumor-associated antigen.

[0182] The present invention provides a method for selectively killing tumor

\ cells expressing an antigen that specifically binds to the monoclonal antibody of

(' the present invention or functional equivalent. This method comprises reacting
the glycoengineered antibodies of the present invention or immunoconjugates
(e.g. the immunotoxin) comprising same with said tumor cells. These tumor cells
may be from a human carcinoma.

[0183] Additionally, this invention provides a method of treating carcinomas (for
example human carcinomas) in vivo. This method comprises administering to a
subject a pharmaceutically effective amount of a composition containing at least
one of the glycoengineered antibodies of the invention or an immunoconjugates

(e.g. the immunotoxin) comprising same.



t herapeutic anti bodi es, since the changes introduced by the engi neering of

gl ycosyl ation affect only the Fc region and therefore its interactions with
the Fc receptors on the surface of effector cells involved in the ADCC
mechani sm Fc- containing nolecules to which the presently disclosed nethods
can be applied include, but are not limted to, (a) soluble fusion proteins
made of a targeting protein domain fused to the N-term nus of an Fc-region
(Chanmov and Ashkenazi, Trends Biotech. 14: 52 (1996) and (b) plasna
menbr ane- anchored fusion proteins nage of a type Il transmenbrane donain
that | ocalizes to the plasma nenbrane fused to the N-term nus of an Fe
region (Stabila, P.F., Nature Biotech. 16: 1357 (1998)). -68- (0173] In the

case of IotadP! e MUl iRt ABlhe bidbnitolSs it RODAIRA fiefib f51 s DI nding of

the fusion protein to undesira el'l's such as cancer cells, i.e., in an
anal ogous f astieating ap atteswapeudiseeseaprodused irewholT e impgst b ptthegeniof presently

di scl osed net . h eneffector. funct] i.ncl udi ng Fe- nedi at ed

cel lul ar cyt%@%&%@xggt%@%ﬁyﬁgngafgtéﬁﬂﬁv£tﬂ%@g%%%lg@ﬂ é%mn ufd therefore be

i dentical to thedapeuedllyetfecpp bmetht biininivenlapeaity actiwraniibdgiteshurdaf174] I n t he

case of nenbra e-anchorgd fus%oE%proteins (b) the undesi.rable cells in the
e

body have to BWi5fedd 197 Fisie oL TR COEPRHOE Hr%hfs can be
achi eved ei t herapantigaiyeffodiive anyundPfah afibb@shaving thereaddil ADCOSEpRREI Ng the cells

in vivo with a plasmd ot viral vector fhat direct XRpressjon of the
fusi on protei ‘H—ac‘g’ ik %’t’i‘&th?éfcﬁﬁ’ﬂgg'ﬁt‘a?ﬂlé‘a@éTfF%?dseﬂﬁog‘FeF‘rﬁﬂFant ation in

the body of catibsdy Beektc@bby amii@ife @xerlpled o€ xdoRGRudeN@schitsiodn protein on
their surface, The | at i

er. cells wuld normally be jnplanted in the body
i nsi de a pol yHEIELIBE ﬁ%b“@%ﬁ%ﬁﬁ@ﬁ?%Fbﬂm%%Fﬂm¥W$?éb?¥$ﬁﬁ@F@mﬁhey cannot be

dﬁst joyed by sioh k€ abRélidbthic @@bhbdcopéiid Bluides iahy chHREHABioptRic However shoul d
the capsule device fail and the escaping cells becone undesirable, then

they can be ePTRORSHRRFNIS PEEW A dSetpryosiis. Sydenhym's 4Rregi tYs St abil a et at,
Nat ur e Bi ot eClphri; thbdRatic(fRE Pblyglitfuldl $mERERs, Hehdth-Seh@f@ Yubpiri SCI 0sed

nmet hod woul d be applied either by incorporating into the gene therapy
vector an addPasi-#isBioceser@cpliivecsdhenp nodesay, Tekapasue aperig. Adgtiat e or  maxi nma

expression | egh, Ayl IR QhePghiyRERlL d8dRh, Lil§10sRY 8PbIIRILT DY

Goodpasture's syndrome, thromboangitis ubiterans, primary biliary cirrhosis,

Hashimoto's  thyroiditis, thyrotoxicosis, chronic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pamphigus vulgaris, Wegener's

granulomatosis, membranous nephropathy, amyotrophic lateral sclerosis, tabes

dorsalis, 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

( ) scleroderma and sclerosis; responses associated with inflammatory bowel disease
(such as Crohn's disease and ulcerative colitis); respiratory distress syndrome

(including adult respiratory distress syndrome; ARDS); dermatitis; meningitis;

encephalifis; 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
encephalomyelitis; Sjorgen's syndrome; juvenile onset diabetes; and immune

responses associated with acute and delayed hypersensitivity mediated by



engineering the cells to be inplanted to express adequate or maxi mal |evels
of the fusion polypeptide of the invention. Therapeutic Applications of
Ant i bodi es, Antibody Fragnments, and Fusion Polypeptides Produced According
to the Methods of the Invention. [0175] The antibodies (i.e., the

anti bodi es, anti body fragnents, and fusion proteins conprising a region
equi valent to the Fc region of an imunogl obulin) of the present invention
can be used alone to target and kill tunmor cells in vivo. The antibodies
can al so be used in conjunction with-gn appropriate therapeutic agent to
treat human carci noma. For exanple, the antibodies can be used in

conbi nati on with standard or, conventional treatnment nethods such as

chenot her apy, c{Brthat b THPEHRRYeO typidlly B8ufon) HEatasiQ saldoftkgd to a

t herapeutic -69- drug, or toxih, as meYL_as to a | ynphokine or a

t unor - i nhi bi t @pYymyPHYe reramuiomstosisfand vageulifiy; cpepnieipus; preenih dfddieantsi ¢ agent to
the site of t LGl j S J 9&&* uch
t herapeutic aggﬁ%E%%gﬁgﬁ?nggééékgﬁgaagk?%%Kﬁ%ﬁﬁnﬁgg%% e.g&?ﬁﬁnon et al.
"Monocl onal Amflastitary disorder; rmuifiple sorgpat injyy eyndrdbeas demplytiCaneria Ther apy”, in

Monocl onal Antj| ' : .. Rej d_et. at .), pp. 243-56
(Alan R Li S;@hﬁﬁ%ﬁfi@g%& @I@%‘f@t%g%%% o bi%?ﬂfsb%(%%ngg aﬁérgﬂ%r ug Delivery",
i n Contr ol | ed nyasigenidegravws antigér2 adibbdy JompleRolbdinsddiseates ahti-ghderlar pp. 623- 53
(Marcel Dekke Inc. 1987);: .Thorpe,. . Anti.bod Carriers. O t ot oxi ¢ Agents
Tt b it
I nica p $' ase efi¥ oIS Ppey; o ;an
Thor pe et at, H" TEle Fs’_r %%gégﬁl&%npﬁggld%%%%g%Pﬁeqﬁg%%%ﬁc%@ﬁ%i body- Toxi n
Conj ugat es", ’ ., 621 - | natively, a
"ycpengi neer eghdeunici; Belehyt diseasd) giantaueh lagtetitispintibigle comnpleg yephtiig)ilgh i on, e.g., a
radi oi sot ope such as_ - > | which,. when | ocalized at th unor site,
e e e i
esults, an S @iztc. i £ ventids Shedti ol abel e
Anti body in Capcer Thera y",O? Wﬁ% clgn I Anti%géie For Cancer Detection
And Ther apy, Bgfgﬁwvﬁm@f‘ |u_sed(tg§§p_ 3t?8ﬁb.°°§e%n%al( E‘-’é]éz‘?ﬁae S’F‘F‘?-fgg 1985)].

According to ypedodanot her enbodi nent, the antibodies of the invention can be

[0185] In accordance with the practice of this invention, the subject may be a
humnan, equine, porcine, bovine, murine, canine, feline, and avian subjects. Other
warm blooded animals are also included in this invention.

[0186] The present invention also provides a method for treating a subject
suffering from a cancer. The subject may be a human, dog, cat, mouse, rat, rabbit,
horse, goat, sheep, cow, chicken. The cancer may be identified as a breast,
bladder, retinoblastoma, papillary cystadenocarcinoma of the ovary, Wilm's

) tumor, or small cell lung carcinoma and is generally characterized as a group of
cells having tumor associated antigens on the cell surface. This method comprises
administering to the subject a cancer killing amount of a tumor targeted antibody
joined to a cytotoxic agent. Generally, the joining of the tumor targeted antibody
with the cytotoxic agent is made under conditions which permit the antibody so
joined to bind its target on the cell surface. By binding its target, the tumor
targeted antibody acts directly or indirectly to cause or contribute to the killing of
the cells so bound thereby curing the subject.

[0187] Also provided is a method of inhibiting the proliferation of mammalian
tumor cells which comprises contacting the mammalian tumor cells with a

sufficient concentration of the glycoengineered antibodies of the invention or an



conjugated to a second anti body to forman anti body heteroconjugate for the
treatnment of tunor cells as described by Segal in U S Pat. No. 4,676, 980.
[0178] Still other therapeutic applications for the antibodies of the
invention include conjugation or |inkage, e.g, by reconbi nant DNA

techni ques, to an enzynme capable of converting a prodrug into a cytotoxic
drug and the use of that antibody-enzyne conjugate in conbination with the
prodrug to convert the prodrug to a cytotoxic agent at the tunor site [see,
e.g., Senter et al., "Anti-Tunor Eff/écts of Antibody-al kali ne Phosphat ase”,
Proc. Natl. Acad. Sci. USA 85:4842-46 (1988); "Enhancenent of the in vitro
and in vivo AntitunorActivites of Phosphorylated Mtocycin C and Etoposide
Derivati ves hmmvhowoajugstal compriting csdye Adok ad ite eniitbio Spdiiftraten Gdnheugat es”, Cancer
Research 49:5789-579 (r19 9); and Senter, "Activation of Prodrugs by

Ant i body- Enzﬁ%ﬂrﬁiﬁf‘ T'&8YS- A New Approach to Cancer Therapy," FASEB T.
4:188- 19@1$81990) ] The fiBjecl iNefBlbn Mithdr prodEed MethodsToYiRERHAS @e s8R Or the

anti bodi es of the invention involves use, either in the presence of

conpl ement  orof gumppiupmop eellirfreging HFBRPL e fybiget, andreptneARel Ve onj ugate, to
renove tumor 16eldsade P Bubfist. PRREmEREds@Mnbtise a@RE R erinPRB iHle8lj&t an\cCOr ding to

t hi s approach,  autol ogous bone marrow nmaybe purged ex vivo by treatnent

wi th the ant ie5@etiye amguntiofthewpmpesitionfofhednvertide. i nto the patient [see, e.g.,
Ransay e ., " Bgn i g > I ies", J. din.
| mmunol . Fmgd(]Z) ; 81$8% %%%B&[%%ﬁé;%a%ﬂ rgéré{r}rg(r;ﬂeygﬂgdﬁ @qel;ro}l]?%g%stei bodi es,
reconbi nant PSR PomRpsitions heymbinaensrasid rragthods derstreatieg buredn t he i nventi on
containing t i LGl f iﬁ%n- } —]:Q}._Fbﬁ' roRIN Yol f- the desired
nonocl onal a%ﬁcégﬁgé'?rab%x%%plg’s%é t%@%%%&ﬁ ca %@gﬂg?ﬁ%ogfaaorrl%lf%% t he

si ng) e- chai n vserin st satment off humeni aveenemias Fompritiybe Riswticenticallyeat human
carcinoma in .M. lar LR i rlyg) ng at | east

t he anti gen- g}‘fﬁ%ﬁﬁa&?ég%%%%gkéugﬁkéﬁpﬁ%%@b%;ﬂmﬁh@&aﬁ%@rgﬁaﬁ%g&l oi ned to at

| east a functacrep@blegamet.i ve portion of a second protein having anti-tunor
activity g., a hoki. or. costatin.can sed to.treat human
carci non@liﬁﬂ Vi vo. %?ﬁé?ﬁ%’%ﬁyc&é@%%ﬁ%ﬁ y?reagﬁﬁolda%%men%h% finthe art can
be used to consbdified, doiynpeel fd ¢ tlerpebodiges (aigerdeig) todie eofyniche

second antibody) or in a recombinant form (e.g., chimeric antibodies, fragments

of chimeric antibodies, bispecific antibodies). The compositions may additionally
include other antibodies or conjugates for freating carcinomas (e.g., an antibody
cocktail). |

[0191] The antibody, antibody conjugate and immunotoxin compositions of the
invention can be administered using conventional modes of administration
including, but not limited to, intravenous, intraperitoneal, oral, intralymphatic or
administration directly into the twmor. Intravenous administration is preferred.

[0192] The compositions of the invention may be in a variety of dosage forms
which include, but are not limited to, liquid solutions or suspension, tablets, pills,

| powders, suppositories, polymeric microcapsules or microvesicles, liposomes,
and injectable or infusible solutions. The preferred form depends upon the mode
of administration and the therapeutic application.

[0193] The compositions of the invention also preferably include conventional
phannaceutioally acceptable camiers and adjuvants known in the art such as
human serum albumin, ion exchangers, alumina, lecithin, buffer substances such
as phosphates, glycine, sorbic acid, potassium sorbate, and salfs or electrolytes

such as protamine sulfate.



bi ndi ng specificities of the antibody is directed to a tunor-associ ated
antigen, while the other binding specificity of the antibody is that of

anol ecul e other than said tunor-associated antigen. [0182] The present
invention provides a nethod for selectively killing tumor cells expressing
an antigen that specifically binds to the nonocl onal antibody of the
present invention or functional equivalent. This nethod conprises reacting

t he gl ycoengi neered anti bodi es of the present invention or inununoconjugates
(e. g. the immunotoxin) conprising sae with said tunor cells. These tunor
cells may be froma human carcinoma. [0183] Additionally, this invention
provides a nethod of treating carcinomas (for exanple human carcinomas) in

vivo. Thig19ut hod Tiumbdtsfiectiae Foat 61 flininigration and dskyeqediman Ph&eMaceut i cal ly
effective anbunt of . a c OSI tion containing at |l east. one of the
gl ycoengi neer EYTBAHUOBHAT BLS B RITR dERRAERERBDFER™! HELMBEBA] TFates  (e. g.

the i nmmunot oxigfdase, Qﬁ@;ﬁdtﬁhﬂ%%eﬁ%d respdnse w&é’aﬁheﬂt Bnfthb ?u deRBht RERECL, the
invention is direct to an | roved net hod for trealng an aut oi nmune

di sease produedingphyFiere Acordingbartie dapagsatoh sirepameposifigrotneldisdi es based on
B-cell depl et 'tIBQtec‘P%f%é Sihdlgldﬁ‘ﬁ{}a%&t ?L efdss, taﬁeéf?ééﬁ{rl% 'dG%' by ptf f ective

anmount of i nmunol ogl cal tgl actlve ant y to a human ect in need
t hereof, the p@rplpqsxb@mft e@mnosmgbmﬂxemmpefﬁma@uttﬂqebcaxp%&ﬂm cally
effective ano f an anti body having increased ADCC prepared in
accordance witI¥ the methods of the invention. In a preferred enbodi nent, the
ant i body [0¥5hn antTheGDQEclémdeb@ﬂryd hefvianmdyels iofa eamety ofi dosage foinseases or

di sorders i nckv!ﬂgﬁ’mclflﬂfe tSrd 't ]}Eﬂénl.g%i Epegigﬁxg sol H{Eﬁ r‘rg%’ ?ongqablets

t hronbocyt openi as, sut as acu hi'c opent ¢ ’pur purea and
{:r onic idi Opﬁﬂ]hl cpowddn Oﬁdppostbnpﬂerpownmmpmrmapadbnnm um;rm&smles,, Sydenham s
c

or ea, Iupus %hl’lt octablE Y %§1r83p Vhfgrgs g@aﬁﬁd &p ndrorres

Henoch- Schonl ePci"? ar pur pos yqoﬁema nodosum
Takayasu' s ar ﬁemddesfad@miﬂlssmnmdtﬂnﬁeasmncepwchmm rrul t| forme, polyarteritis

YR T R T REENC T ST R T LS
t hyr ot oxi cosi ﬁ],o]eellilémflthb paesknt\ievehtgalepdndSypon the location of the tumor being
treated, the severity and course of the cancer, the subject's health and response to
treatment and the judgment of the treating physician. Accordingly, the dosages of
the molecules should be titrated to the individual subject.
0197] The interrelationship of dosages for animals of various sizes and species
and humans based on mg/kg of surface area is described by Freireich, E. T, et al.
Cancer Chemother., Rep. 50 (4): 219-244 (1966). Adjustments in the dosage
regimen may be made to optimize the tumor cell growth inhibiting and killing
() responss, e.g., doses may be divided and administered on a daily basis or the dose
reduced proportionally depending upon the situation {e.g., several divided doses
may be administered daily or proportionally reduced depending on the specific
therapeutic situation.
[0198] It would be clear that the dose of the composition of the invention
required to achieve cures may bé further reduced with schedule optimization.
[0199} In accordance with the practice of the invention, the pharmaceutical
carrier may be a lipid carrier. The lipid camrier may be a phospholipid. Further,
the lipid carrier may be & fatty acid. Also, the lipid carmier may be a detergent. As
used herein, a detergent is any substance that alters the surface tension of a liquid,

generally lowering it.



pol ymyositi s/ dermatonyositis, polychondritis, panphigus vulgaris, Wgener's
granul omat osi s, nenbranous nephropathy, amyotrophic lateral sclerosis, tabes
dorsalis, polynyaglia, pernicious anem a, rapidlyprogressive

gl omerul onephritis and fibrosing alveolitis, inflammtory responses such as
i nflammatory skin diseases including psoriasis and dermatitis (e.g. atopic
dermatitis); systemc sclerodernma and sclerosis; responses associated with
i nfl anmat or ybowel di sease (such as Crohn's di sease and ul cerative colitis);
respiratory distress syndrone (incluhng adult respiratory distress
syndronme; ARDS); dermatitis; meningitis; encephalitis; uveitis; colitis;

gl onerul onephritis; allergic conditions such as eczenma and ast hma and ot her
condi ti on@00Nnvol Vil g Ndxainbleadfi tae itkntions e Seté@peht n@dyr Nk Gohibhik amat ory
responses; atherosclerosis; Ieukocy e adhesi.on def|C|en<ﬁ%ét r heumat oi d

arthritis: sy3@smt Fxasmleseiropiomst drteggensSpeiude, gty met Imied fqus (e.g.  Type
1 di abetes rrelbdlysrofbiteorsm (ml ichbvehe RE NEledh @@a&e o@tﬂwén%}bnaﬁul tiple

sclerosis; Reynaud's syndrone; autoi nune r0| it1s;
encephal orryeImW@lea@ THjepdd @FGWPI?WT@W 13)399?@@1"&0&@’6? s, and i mmune

" eSPONSegqRE0C! Al Abnil b AoRrn e Sl URGIRERR ehdnhdof ol At el Dy

-72- cytoklnes an ound In t 0si s,

ocytes t
sar coi dosi s, lopléldmmqhsles @n@mt%e@g:&%e@mmm@mnp@q ni ci ous ameni a
Addi-son’ i seas central
( 10f o O@mtmﬁ%@f%ﬂ%&m&éﬁm 89 éiv%%g&pé ﬁplgbﬁﬁ&%

nervous _ nmat ory di sor e or ga I nj ury syndrone;
henol yti ¢ anelffioaomé. i Aschagdiimthis dpplication, d Tlmpsoatb"nmarmr;m'gﬂ:rem bamiia or Coonbs

oSt L1 ve ane . wiRiiahheRLA, 08NS or AL AERANLLRANKRORBLEK edi at od

di seases; anti-g rane di sease, OSphO|IpId
(5// ndj one 102331| er g i dhaexamilésdelow@rplvin dic Negasie mokedetadr ‘Ehﬁ"aﬂ@mgry ast heni c

syndr one; pegg}gdaga%g %ﬁlex%%legatﬁe%Q%cggngbﬁcec%sgélqﬂn&xﬂ%heoarl %endocrl nopat hi es;

Reiter's dis rone; 'sease; gl an Cell arteritis;
i mmune conpl exeankymhderdtarst anﬂgﬁpraauepihe pradnhinyertioh Plod presevtrioyzatidn, es; | mune

2opect of ¢ haRevantRish ikl ot iy Aite SRR AP RORR SR e ced 0
depl ete the tihtandbdois ihastreedns B ciagle asfeots of theaxtentiole only, @l ingathods

which are functionally equivalent are within the scope of the invention. Indeed,

various modifications of the invention in addition to those described herein will

become apparent to those skilled in the art from the foregoing description and

accompanying drawings. Such modifications are intended to fall within the scope

of the appended claims.
EXAMPLES
(! '
EXAMPLE 1
Materials and Methods
1. Construction of antibody expression vectors.

Anti-CD20 anfibody expression vector pETR1502

[0204] The C2B8 anti-CD20 antibody expression vector, pETR1502, consists of
four independent, separate expression cassettes (one for the C2B8 antibody light



[0185] In accordance with the practice of this invention, the subject nmay be
a human, equine, porcine, bovine, nurine, canine, feline, and avian

subj ects. Gther warm bl ooded animals are also included in this invention.
[0186] The present invention also provides a nethod for treating a subject
suffering froma cancer. The subject maybe a human, dog, cat, nouse, rat,
rabbit, horse, goat, sheep, cow, chicken. The cancer nmay be identified as a
breast, bladder, retinoblastoma, papillary cystadenocarci nona of the ovary,

Wlms tunor, or small cell lung carmnonma and is generally characterized
as a group of cells having tunor associated antigens on the cell surface.
This nethod conprises admnistering to the subject a cancer killing anount

of a tumor tagnsi eek APk oy anﬁﬁahﬁﬁéi%%ﬁ,%é tﬂh%&l@otﬁ’}gs%sistgﬁ:@eral ly, the

joining of the tunmor targeted antibo e cytotoxic agent is nmade
under conditi BWs anfhiosh fcherpring dhfa genchodll esess apohmieticansrobphithei t s t arget on

the cell surf i.ndi il Si: - I anti body acts
directly or iﬁlglﬁlrp ?c%ﬁ@éﬁﬁlﬁﬁgé%%%%ﬁﬁﬁﬁ@%%%%Bérﬁ%l%%rﬁgmgf the cells
so bound t her einyensuspiohgddnybtisndigratderiviORST jhe Ablyadepylatikindiziatioftha net hod of
inhibiting the |jferation of mammalian tunor cells which conprises

cont acti ng th@bﬁéﬁr’ﬁﬂ 5™ %unor cells with a sufficient concentration of the
gl ycoengi{omsy ed argphAsémediag the haiabRbeyI(VH) &d vaflabld Bght [VIeRgE ONj ugat e

conpri sing same, so gs to inhibit Erol iferation of the nmanmalian tunor

cel I's. [0188] R8s &fithe @ti-CRgE rntiBodyr GEBS afers) pescinbled g fo¥tt For i nhi biting

the growth ofveRbiipi} dinbIREtram8ed SigohucRBEERTN 8 ohdl OB probesfushiPPE@et . and _
treating a proliférative é‘tﬁ/‘pe disease in a sub ec?. These net hods conpri se
a 1

adni ni st er i ng®obayar. Nugjabtiotariniqers BeX00vE3E A (The prigipad seaBersesi ti on of the
i veﬂ]tol on. [OdRRe kb ¢E3PRRALANVIE NEEETOHErt Bbindd &oR §SaMblisHeAVENt i ON

cofrpasses pharnmaceuti cal conpositions, conbinations and nethods for

treating humeitemstipnal npntens . appbisatien afperaationple Publicatien Sfmbee| ffes _
phar maceut i C%MPI@%QSAEé_e&BﬁF;\@E g?#’@‘ﬁ bﬁNhhﬁagtrﬂetﬁ%g]?ﬁ-Qtsu&flongﬁc‘%Q carci nomas

conprising a pharnuceuticall ective anoun an anti y of the
present i nvenpBlagscrptdKE(D hagivepBlusi@BBVI and pBligt(BRY Ladgsmidsrand
sequenced.
[0206] The variable chains of C2B8 were amplified from the corresponding

pBlue-C2B8VH and pBlue-C2B8VL plasmids using primers that introduce an

Asc] restriction site at the 5° end and appropriate restriction sites at the junction

of the variable to constant region (BsiWI for the light chain and Nhel for the

heavy chain). The IgGI constant regions were amplified from a human leukocyte

cDNA library (Quickclone, Clontech) using primers that introduce suitable

restriction sites at the 5° and 3° ends (BsiW] and BamHI for the constant light
() chain and Nhel and BamHI for the constant heavy chain).

[0207] After confirmation of the correct DNA sequences, the C2B8 antibody
light and heavy chains were each combined with the MPSV promoter and
polyadenylation signals. In a first step, two different expression vectors were
constructed: one for the C2B8 light chain (pETR1315) and another for the C2BS8
beavy chain (pETR1316). In a second step, a neomycin resistance expression
cassette (neornycin resistance gene derived from Tn$ transposon and put under
control of the minimal MPSV promoter) was introduced into the vector
pETR1315 resulting in the plasmid pETR1481. A dhfr gene expression cassette
under control of the MPSV promoter was inserted into the vector pETR1316 to
give the plasmid pETR1328. In a final step, both expression modules (C2B8-light



[ 0190] The conpositions may contain the anti body or antibody fragnents,
either unnodified, conjugated to a therapeutic agent (e.g., drug, toxin,
enzyme or second antibody) or in a reconbinant form(e.g., chineric
anti bodi es, fragnments of chineric antibodies, bispecific antibodies). The
conpositions may additionally include other antibodies or conjugates for
treating carcinomas (e.g., an antibody cocktail). [0191] The anti body,
anti body conjugate and i mmunot oxi-n conpositions of the invention can be
adm ni stered usi ng conventional nodes/7of adm nistration including, but not
limted to, intravenous, intraperitoneal, oral, intralynphatic or
admnistration directly into the tunor. Intravenous adm nistration is
preferred. [ OdR2l+nkbendOrHRkdaty sham +afhf Were coteiddiDsheBYork@ulting @ vari ety of
dosage forns _ which include, but are not limted to, liquid solutions or
suspensi on, tARRISMIGPETRINZh0nders, suppositories, polynmeric microcapsul es
or mcrovesicles, liposones, and injectable or infusible solutions. The
preferred for Spds, t he nod adm nistration and the therapeutic
appl i cation. FEE3F—The PoSH oS BF—tHe~i nvention al so preferably
i ncl ude conventional pharmaceutically acceptable carriers and adjuvants
known in art s hunpan . m R, .on_exchanger al um na,
| ecit hi n,[éigglf fer ug{si% %@chgﬂgﬁ%%éf%é;a%%#ﬁg ﬁ%‘?”@é‘%’ % eﬁ%?]ﬁve{fcggmi c acid,
pot assi um sordnadrigin afireplRatidnsfram tel Epeteih@ayt s (&1R) Horapispimelt~atione sul f at e.
-74- [0194] Tgﬁg”gﬂafnﬁffectti ve rmdﬁ of admtﬁiﬁﬁfrtat' on _and dosage regi nen for
the conposi t i ‘SPFAEG 3o MARtARARGE N SRIYRIsdTRe ipBRFeh 8o YU MYFAL ny course of
fthg di seafse,anﬁbm (BBNAg.Ror Sonlstewdtibdnofativd 1288%:3@&§i|6ntr@to‘t,lpﬂmmmﬂzan? tEe
j udgnment of t treatin i Ci cordin , the ages of the

mppsi ti ons Q‘fﬁﬁﬁxﬂwﬁ%‘m %P‘E“E%f‘%’& P?gRE‘ﬁﬁ W%é‘?ﬁ?‘gﬁ%ﬁla%&gﬁ?&%vert hel ess, an
ef fective dosiitoodrif-ttatairGRTPeZdrt pETRS 501, Theiv&ctoNYETR 1408 ifByniketd N t he range of
from about 1 ?(S)ut, 2000 II%J._ [tlgl%s%;pé-rtge nol ecul es descr.i bed herein may
be in a vari &LE&R@ T ELIGe FogRtiE R tunplasHd fieReomyeIp TeF@I%EPRait ni t ed t o,
l'iquid sol uti@as @ftrdesHe s, ditad bR Alnsmal, POV IpkdmotitoWder s, supposi tori es,
pol ynmeric m crocapsul es or mcrovesicles,

Anti-fibronectin antibody expression vector pPETR1546

[0209] This vector is the same as vector pETR1520, except that the variable

heavy and light chain coding regions of the C2B8 anti-CD20 antibody have been

. replaced by the respective coding regions of antibody 1.19, a human antibody

recognizing the ED-B domain of fibronectin. The varnable region-encoding DNA

fragments were synthesized by overlap extension PCR method using synthetic

( ! oligonucleotides based on the sequence of the variable regions of the L19
antibody (Pini, A. et al. J. Biol. Chem. 273(34):21769-76 (1998)).

Anti-EGFR antibody (C225) exuression vector pURSI2ZS

[0216] This vector is the same as vector pETR1520, except that the variable
heavy and light chﬁin coding regions of the C2B8 anti-CD20 antibody have been
replaced by the respective coding regions of the antibody C225, a chimeric
antibody recognizing the hurnan epidermal growth factor receptor. The variable
region-encoding DNA fragments were synthesized by overlap extension PCR

method using synthetic oligonucleotides based on the sequence of the variable



| i posones, and injectable or infusible solutions. The preferred form depends
upon the node of adm nistration and the therapeutic application. [0196] The
nost effective node of adm nistration and dosage regi nen for the nolecules
of the present invention depends upon the |ocation of the tunor being
treated, the severity and course of the cancer, the subject's health and
response to treatnent and the judgnent of the treating physician.

Accordi ngly, the dosages of the nolecules should be titrated to the

i ndi vidual subject. [0197] The interr@ationship of dosages for animals of
various sizes and species and humans based on ng/kg of surface area is
described by Freireich, E. J., et al. Cancer Chenother., Rep. 50 (4):

219- 244 ( 1966sionglplithe 2A6 snfitedy Ksquossgen be égindémanml?liSbgl prdele to optimize
the tunor cel nhi bi.t i K] , doses nmay be
di vi ded and %’%ﬂ%a?l\s%%théu i ﬂméjhgg}l@{%g%asﬁ%lb%%vé 9BE Eg ?lcfﬂ-1 ad7

proporti onal IMthﬂpetanhapghuapomfortheh@vytmﬂligh;ncl(amsg'sspestemm-al di VI ded doses

may be -adm nistered daily or proportionally reduced depending on the
specific therapeutic situation. [0198] It would be clear that the dose of

t he conposition of2.t he Gonstaxtidnon Gnil 8k lisoadxpressmoedare cures maybe furt her
reduced with schedul e optimzation. [0199] In accordance with the practice
of the invention, the pharnaceuti cal carrler may be a lipid carrier. The
lipid carri erbBER1166 Yeclordornenstitativg expression f GoTilhe I|p|d carrier maybe a
fatty acid. Also, the lipid carrier nay be a detergent. used herein, a

detergent Jis any substance th s the surfa a liquid,
gener al | 5[02|1 ri n}OF gonsiregiion P%%?)é?’} KBRS SR &e%efﬁ?i %&b}ltl on, the
det er gent rraywmm@hﬂmaﬁheatﬁﬁh@rmhbrﬁy@mpﬁte@l)sipmm OQhdrfind@t er gent s

wde, but are not limted,t $ sorbate 80 (al so kpown as Tween 80 or
((?)ol yoxyet hylceﬁ%‘”s@?ltﬂp??ﬁw"‘ﬁﬁq?@g% YW?“%HHSEPPF?%HO%" Ctexanpl e Triton

WR- 1339 and TaintrRAciHisedibncel MIsBEngmueyeémméﬂwet@a&@mmm maybe an ionic
detergent. An exanpl e of an |on|c det ergent incl udes, but is not limted

to, alkyltrinBtKsitankbs dferrostimgé OnOﬁt?PZ@EFCtAﬂHF%*Bﬁ@ﬂW 48f%ccor dance with

the inventi Onwastlﬁ's%rtbd Qf&dir 6| S thdTRIPR® p?orﬁdt&%@@‘%yntﬁ%c'z‘%ﬂ tefd-this
appl i cation, "li posone” is any nenbrane_ bound
globln polyadenylation signal was added The final GnTTH expression vector also

contained a separate puromycin resistance cassette for selection, with the
puromycin resistance gene also under the control of the MPSV promoter and

synthetic rabbit beta-globin polyadenylation signal.

PETR1425: Replacement of the first 76 amnino acids of GnTIIT by the first 102
amino acids of the human GnTI,

[0212] The construction of this hybrid glycosyliransferase gene was performed
(7 ) by subsequent overlapping PCR reactions. In one reaction, the stem region of
human GnTI was amplified using the primers GAB-179 and GAB-180, During

this PCR reaction a Kozak consensus sequence and an Ascl restriction site were

also introduced at the 5’ end. The resulting PCR fragment has a 23 bp overlap

with GnTII starting at position 229. In a second PCR reaction, the GnTII region

from position 229 to 380 was amplified with the primers GAB-~177 and GAB-178
generating a PCR fragment with a unique BstX1 site at the 3” end and an 22 bp
overlap with the GnTI stem region at the 5’ end. Both PCR fragments were
purified and used as templates in a third PCR reaction (primers GAB-179 and
GAB-178). The resuiting fragment was purified and digested with Ascl and



vesi cl e which contains any nol ecul es of the invention or conbinations
thereof. [0203] The exanpl es bel ow explain the invention in nore detail.
The foll owi ng preparations and exanpl es are given to enable those skilled in
the art to nore clearly understand and to practice the present invention.
The present invention, however, is not limted in scope by the exenplified
enbodi nents, which are intended as illustrations of single aspects of the
invention only, and nethods which are functionally equivalent are within
the scope of the invention. Indeed, “¥arious nodifications of the invention
in addition to those described herein will beconme apparent to those skilled
inthe art fromthe foregoing description and acconpanying draw ngs. Such

modi fi cat i ondigafieétothe weaipepE TR 004 (dut witlt AdchandiSmadeesyBing ifthetlesmibpended cl ai ms.
EXAMPLES E i : .  bod
NG, A 5B NS00 pe COTSEENGL PRty ant | ocy

expressi on vectors. expr essi on vVect or pETR1502 [ 0204]
The C2B8 ant ipr@@DR€r cdameanbwabaddedin pETR b4 uent Avc] (ppERRLpGHn)¢Bmsl st s of  four

i ndependent, separ.ate..exprgssion..c e or..t-he 8 _anti body |i ght
-76- chai n, otffgl%‘%tryl???fgg %@pkﬁﬁdﬁmﬂiga%égﬂﬁ(ﬁ?%ﬁ@@%%"ﬁ’e neonycin
ngifg?ngf tgfﬁﬁpl)m terrégfﬁrﬁdgm el o ?lz)dﬂﬁgfnﬁ ti VTHSLEEI(L:B(’) Vi.&l 3;e(1|\1/gg\e/; and
contain a syﬁ?ﬂ%@?ég%d’ﬁgﬁﬁﬂg‘ﬁfgl’ %@ﬁ?b&%ﬁ rggulf Img‘é}?"ﬁ@ﬂ{fromthe

pol yadeny! at igBTR$4D N edntsdhing e GRELGATIN(Bsieh abidd cofpg of [t QESVCONAs encodi ng
the variable heavy (VH) and variable |igh VL). chain regions of the

anti - CD20 antPrIRRisr 209 BEWREEn Jesistanpt wageetls Rpdedigt of  overl appi ng

si ngl e-stranded ol i gonucl eotides in a one-step process using PCR

(Kobayashi, N., et alL, Biotechniques 23:500-503(1997)). The original
quence codFEYT $OPNCOB VL and VH regions were obtained froma published

international patent application (International Publication Nunber: WO

94/ 11026). Assenbl ed VL and VH cDNA fragnents were subcl oned into
GAB-177: GCGTGTGCCTGTGACCCCCAETGCCCCTECTCCAGCCACTETCCCC

GAB-178: GAAGGTTTCTCCAGCATCCTGGTACC

GAB-179: CTGAGGCGCGCCGCCACCATGCTGAAGAAGCAGTCTGCAGGGC
GAB-180:
GGGGACAGTGGECTGGAGCAGGGEECGCGGERETCACAGGCACACGCGEGRLC

pETR1506: Replacement ofthe 76 N-terminal amino acids of GnTII by the first
100 amino acids of human mannosidase II.

[0213] The construction of pETR1506 was performed analogously to the

C) construction of pETR1425. The stem region of the human mannosidase 1 gene
- was amplified with the primers GAB-252 and GAB-253 using the vector pBlue-
man as a template. During this PCR a Fsel site and a Kozak consensus sequence

were introduced at the 5” end. The resulting PCR fragment overlaps the GnTIII

gene starting at position 229 by 23 bp. In a second PCR reaction a part of the

GnTII gene (position 229-460) was amplified with the primers GAB-254 and

GAB-255. This PCR reaction generated a fragment containing a 43 bp overlap

with the mannosidase II gene at the 5° end and a unique Stul site at the 3° end.

Both fragments were purified and used as templates in a third PCR with the

primers GAB-252 and GAB-255. The resulting fragment was inserted into

pIC19H giving the vector pPETR1484. After the correct sequence of the insert has



pBl uescriptfl Ks(+) to give pBlue-C2B8VH and pBl ue- C2B8VL pl asm ds and
sequenced. [0206] The variable chains of C2B8 were anplified fromthe
correspondi ng pBl ue-C2B8VH and pBl ue- C2B8VL pl asm ds using prinmers that
introduce an Ascl restriction site at the 5° end and appropriate
restriction sites at the junction of the variable to constant region (BsiW
for the light chain and Nhel for the heavy chain). The Igd@ constant
regions were anplified froma human | eukocyte eDNA library (Quickcl one,

C ontech) using priners that introduet-suitable restriction sites at the 5
and 3' ends (BsiW and BanH for the constant light chain and Nhel and
BamHl for the constant heavy chain). [0207] After confirmation of the
correct DNA samnemﬁﬁﬂwdﬂhemﬁﬂaaﬁﬁnﬂgmﬂymuhﬁQmeahﬂH@ﬁagﬁméhavns were each
conmbi ned wit h_t VPSV Iatl . Ina first
step, two dif?@Pﬁﬁ?“@%ﬂﬁ%@g?%ﬁwvggg%$§ﬂ“%Wgﬁ%é@ﬁ§F ﬂﬁhﬁgﬂfor t he C2BS8
light chain (mEWedtad pETRN 7ATEEE Bahell). tThe résdBBg plrmw(p@mlmd)pETRBlG) I n

a second step, a.neonmycln resji st ance ex§§e33|on cassette (neonyC|n

resi stance gefratasdiReybnd grnth s I gere{8RQAD AW 1 Purdsi serarol of Bt rol  of t he
Tl NSV pReTOkaRiHRS stRiAU O GIaAL e BmHAS] O PREELAAS esul ting i n

the plasm d pETR148 ene expression cassette undef control of the
MPSV pr onot erremténqem%ﬁtiwsmer%?dtaﬁésnréﬁﬁmmmEmblﬁémd@m@et he plasnid
pETRI 328. Qﬂ%m&ﬁ@ﬁfR?ﬁﬁp bot h expression nodules (C2138-1ight -77- chain
+ neo and C2B 8-heavy chain + dhfr) were conbined in one vector resulting

in the plasmd pETR1502 Anti-CD20 anti body expression vector pETR1520

[ 0208] pETRl &s. @ C2B8 anti-CD20 antibody expressionvectorwith an
origin of catl n fron1the Epstein Barr virus (oriP) for episonal vector
qﬁpl}cation aﬁ%ﬁTﬁﬁqﬁtanance in cells producing the Epstein Barr virus

nucl ear | ant| gemddeilcckeicapabiciahhafodiclactdBiroxpigssi on vect or,
pETR1L 520, the C2B8 expression no rom pETR1416 was |nserted asa
HinDl If fragn@®-3453:nto ori P-containing vector pETRL507. The vector pETRL416
i's similar toyREliRERRRCbENetRRRNERREE QI atralBre iSRG et he neonycin

resi stance gene 1s
AACTTTTCGG

GAB-254:
TCCGAAAAGTTCACARAGCAATTTCAGCCAAGGTGCTGGCTCACCCCTGCT
CCAGCCACTGTCCCC

GAB-255: ATGCCGCATAGGCCTCCGAGCAGGACCCC

pETR1519: Combination of the hybrid manll-GnTIH fusion gene with the
replication origin oriP from Epstein Barr virus.

( ) [0214] Using the primers GAB-261 and GAB-262 a 2 kb fragment containing
oriP was amplified from the plasmid pCEP4 (Invitrogen). During this PCR
reaction at both ends of the fragment Sspl and EcoRI sites were introduced. For
sequencing, the oriP fragment was mserted into the vector pIC19H. After the
correct sequence has been confirmed oriP was inserted as a Sspl fragment into
the vector pETR1001 (digested with BsmBI and 5° overlapping ends filled in
using Klenow polymerase). The resulting plasmid was designated pETR1507. A
Sphl/ Nrul manTI-GaTHI expression cassette from pETR1510 was inserted into
pETR1507 digested with the same restriction endonucleases giving the plasmid
pETR1519,



under control of the full, instead of the mnimal, MPSV pronoter.
Anti-fibronectin anti body expression vector PETR1546 [0209] This vector is
the sane as vector pETR1520, except that the variable heavy and |ight chain
codi ng regions of the C2B8 anti-CD20 anti body have been replaced by the
respective coding regions of antibody L19, a human anti body recognizing the
ED-B domain of fibronectin. The variabl e regi on-encoding DNA fragnents were
synt hesi zed by overl ap extensi on PCR net hod using synthetic

ol i gonucl eoti des based on the sequencg-of the variable regions of the L19
antibody (Pini, A et al. J. Biol. Chem 273(34):21769-76 (1998)). Anti-EGFR
anti body (C225) expression vector pURS128 [0210] This vector is the sane as
vector pETR152(meL3gfficed: Nat the variable heavy and Iight chain coding
regions of the C2B8 "anti-CD20 anti bodyhave been replaced by the respective
codi ng regi on§2Bf26ke @@Eﬁﬁ%ﬁ&?TﬁﬁﬁﬁiCdéTgﬁFﬁ%?@TﬁAQ¥¢ rEEEYC gni zi ng the
human epi der mahp0s @M hrd RGah TrELRPI HeacEREA NG A ARIR AGHEIAABmEeNcodi ng DNA
fragnents were synthesized by overlap extension PCR nethod using synthetic
ol i gonucl eot i §8§GBased on t he sequence of the variable -78- regions of the
C225 anti body (sequences can be found in a published patent application
wth international guinQatjon nunmber WD 96/ 40210, Figs.16 and 17 of that
pat ent appl i cBEIBI X oFombigativagfiye Bived meylkCodHhfusen seneapdriryngaed) . 2.

Const ructi on &P4caHsYIface 1eksRE®Rpr essi on vectors pETRL166. Vector for
constitutive expression of GaTlII1 [0211] For construction of the GaTlI|I
expressi qozasgct or PheHRITRE 606ekpression Véckdr wanamsdifisdfor dddétibnilegpressionat ki dney cDNA

i brar Clontech) b i C.tenvnal c- - epi e ta added

e ot ol y e s E e b TS pont BB R el IS  Sequence:
PEQKLLI SEEDL) ffonl gdnerexpressiohetisettt vaietcotierted fokn Gdddobistrdtiic Y@t ern Bl ot s.

Aft er confirnetion,of t he correcﬁ¥g§$uen e of GTIIIl the %gg was i nserted
under cont r ol PGPIPHE RPBBYOR I e donpaF sy 4t thestopgpdongbihs . g1 obi n

pol yadenyl at i gRnBIGHTAI fisms, Ashile dirus TRES Eleailt féBaRkd by £MULSKdoamgvect or al so

contai ned a separate_puro in resistance cassette for selection, with the
puronyci n resﬁgﬂ%ﬁéhg‘@ %&%twwpnﬁlﬁéﬂi? HRaht Db reades geavmsy %5 onot er  and

secretion followed by the transmembrane and extraceilular domains).

3. Transfection of mammalian cells with GnTOI-fusion- and
antibody-expression vectors

Transfection of BHK celis

[0216] Exponentially growing cells (viability 90-95 %) were seeded in the
appropriate number of T75 flasks at a concentration of 0.9 x 105 cells/ml 24 h

( | prior to electroporation. As culture medium, Invitrus {Cell Culture Technologies,
Switzerland) supplemented with 10 % fetal calf serum (FCS) was used. Cells

were counted prior to electroporation. 8 x 10° cells were harvesied by
centrifugation (5 min, 200 x g} and the supernatant was discarded. The cells were
resuspended in 800 pl Invitrus medium and were transferred to a sterile
electroporation cuvette (0.4 cm gap) already containing 8 pg circular plasmid

DNA and incubated for 5 min at room temperature. The cells were electroporated

using a Gene Pulser II (BioRad) with the following conditions: 400 V, 960 pF

with two pulses in a 30 sec mterval. After the electroporation the cells were
immediately transferred into a T25 flask containing 5 mt of outgrow medium
(Invitrus / 20 % (V/V) FCS /1.25 % (V/V) DMSO) and were incubated at 37°C



synthetic rabbit beta-globin polyadenyl ation signal. pETR1425: Repl acenent
of the first 76 amno acids of GTIIl by the first 102 am no acids of the
human GnTlI. [0212] The construction of this hybrid glycosyltransferase gene
was performed by subsequent overl apping PCR reactions. In one reaction, the
stemregion of human GhTlI was anplified using the prinmers GAB-179 and

GAB- 180. During this PCR reaction a Kozak consensus sequence and an Ascl
restriction site were also introduced at the 5 end. The resulting PCR
fragment has a 23 bp overlap with G¥i1l starting at position 229. In a
second PCR reaction, the GTIIIl region fromposition 229 to 380 was
anplified with the pri mers GAB-177 and GAB-178 generating a PCR fragnent
with a uni quenBstSsRCatmosphert Hacltbatoenﬂoranmdmﬁmzoibmmaﬁkdl Gpowi th the GnTl

stemregion at_the.5 t puni fi.ed.and used as
tenpl ates in ycoﬁn%p%fe @ggx}uggg tron el{sl‘ﬁers "153%\{@%%7@115 t OCP?B) The
resul ting fragpmﬁowmtopsuFoﬁﬂmﬂroam@oﬂ|o@é&t§y:bomg1ﬂeepésfahnba:ﬂﬂs 4HO- ligated to
t he vector pET 1001 t rral) ultin |nthe | asmi d
PETR1404. Af t61 S‘F?{ES%E gﬁ%‘iw‘aﬁg’fﬁ%’gﬁsﬁ AL é"d’é‘éﬁ‘g t he MPSV
pronoter el ermmomaﬁmagﬂlﬂﬁ b @EWOQB)e%ﬁﬁbsdd?ﬁh&&t@'of@ilQEStiOn) I Prrel
fragnment vyi elﬁd%’g%}l n the pl asmd PETR1423. The Sphl / BstXl fragnent from

[~

pETRI 166, a &¥si on vect or carrying the original rat GTlI| gene, was
then replaced by the corresponding fragment of pETR1423 resulting in the

plasmd pETR142 ont.a K -G1TIll fission under control of the
MPSV promt%ﬁ&&a‘lpb L??ryagllzj‘lBE\f tance cassette for selection. Priner

sequences: GAB-177: GCGTGTGCCTGTGACCCCCGCGCCCCTGCTCCAGCCACTGTCCCC GAB- 178:

GAAGGTTT@@ @@% % 93-EB cell&&rere g%usfected by the

CAGTGCGCT& s ACAGAUBBEOmoyEARL 80Bres Repl acenent  of
the 76 N-ter l"i'Lﬁ‘&i(s l?sﬂlgrﬂwﬁﬁf éﬁﬁuﬁﬁneﬁ%@@u&lﬁh}a@ﬁegﬂtﬂo% #08 @gLRg, acids of human

mannosi dase

transfected when they were between 50 and 80% confluent. For the transfection
of a T75 flask, 8 million cells were seeded 24 hours before transfection in 14 ml
DMEM culture medium supplemented with FCS (at 10% V/V final), 250 pg/ml
neomycin, and cells were placed at 37°C in an incubator with a 5% CO,
atmosphere overnight. For each T75 flask to be transfected, a solution of DNA,
CaCl, and water was prepared by mixing 47 pg total plasmid vector DNA, 235 1l
of a 1M CaCl, solution, and adding water to a final volume of 469 pl. To this
solution, 469 ul of a 50mM HEPES, 280 mM NaCl, 1.5 mM Na,HPO, solution at
pH 7.05 was added, mixed immediately for 10 sec and left to stand at room
temperature for 20 sec. The suspension was diluted with 12 ml of DMEM
= supplemented with 2% FCS, and added to the T75 in place of the existing
medium. The cells were incubated at 37°C, 5% CO, for about 17 to 20 hours,
then medium was replaced with 12 ml DMEM, 10% FCS. For production of
unmodified (non-glycoengineered) antibodies, the cells were transfected only
with antibody expression vectors. For the production of the glycoengineered
antibodies, the cells were co-transfected with two plasmids, one for antibody
expression and the other of fusion GnTII polypeptide expression, at a ratio of
4:1, respectively. At day 5 post-transfection, supernatant was harvested,
centrifuged for 5 min at 1200 rpm, followed by a second centrifugation for 10
min at 4000 rpm and kept at 4°C,



[ 02131 The construction of pETR1506 was perforned anal ogously to the
construction of pETR1425. The stemregion of the human nmannosi dase Il gene
was anplified with the priners GAB-252 and GAB-253 using the vector pBlue-
man as a tenplate. During this PCR a Fsel site and a Kozak consensus
sequence were introduced at the 5 end. The resulting PCR fragnent overl aps
the GhTIIl gene starting at position 229 by 23 bp. In a second PCR reaction
a part of the GTIIIl gene (position 229-460) was anplified with the priners
GAB- 254 and GAB-255. This PCR reactt®n generated a fragnent containing a 43
bp overlap w th the mannosi dase Il gene at the 5 end and a uni que Stul
site at the 3' end. Both fragnents were purified and used as tenplates in a
third PCR wi t@erehation pf & siahlemBARal1R2h 2elhlick eShidssdiym rechhbinastomtitdDay f ragnent was
inserted intoantibbdy 1911 gi ving the vector pETR1484. After the correct
sequence ofthe insert has -80- been confirnmed the corrpl ete fusion gene was

construc byI| / Stul f nt .o TRl 484 with the Stul
/ BanHi idrig Shent %‘%ﬁg@g@%% reu‘&a@E{e&\gdrgﬁﬁiffgi Ny BanHl ). The
resul ting pl a;ﬂﬂimlsmEﬂBSSﬁﬁbodmpteaslmedectdreumchrdoﬂmm heotytint | gene (SEQ I D
NO 14) under £a troI of ter.. For. se ction of. the plasmd in

manmal i an cel ¥ gncﬁugegﬁféi’rﬁssmnr %@‘T‘% %’“@’ﬁglsrgﬁt @5 X5 5 as a Spel
fragment f romemEtERMG&talmaeéedmngldnhe thaplhas whmpbkchBl$ObtegRted e sequences: C

GAB- 252: ceosc ; GAAGTT TCA GIT GAB- 253:
GGGGACAGT GECTREGAS s ECH MB@%@ %WTTCGG GAB- 254:

TCCGAAAAGTTC&EGMMH @me@ 15307 GAGCSIST T opkbABGRASE GTCOCCC
GAB- 255: ATGCCﬁﬁATAGGCCT GCAGGACCCC ETR1519; Co i nat | on of the hybrid
manl | -GnT1 11 SHEPErs cgglﬁ%d trapgfection efficiency was determined by counting

( ) fluorescent cells of a parallel, control electroporation done with a pEYFP-

expression vector. Cells were diluted in Invitrus selection medium containing 10
% FCS and 1 mg/m! of neomycin. Usnaily eight 96-well plates were seeded with
different concentrations of viable, transfected cells (1 x 10°, 5x 10% and 1 x 10°
cells per well) and incubated at 37°C until clones could be identified. Once the
clones had grown to almost confluent, the supernatants were analysed by ELISA
for antibody production. ELISA positive clones were expanded first to 24-well
and subsequently to 6-well plates, and then to T25 flasks. After five days of
growth in T25 flasks, the final antibody titer was determined using an ELISA
assay. Using this electroporation and selection procedure a C2B8 anti-CD20
antibody-expressing BHK cell clone (BHK-1502-28) was isolated that produced
13 pg/mi of antibody under the above culture conditions.

Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a GnTIII-fusion

[0219] The clone BHK-1502-28, constitutively expressing anti-CD20
monoclonal antibody genes and the neomycin resistance gene, was transfected
with the pETR1537 expression vector by electroporation. pETR1537 is a vector
for constitutive expression of the Manll-Gntlll gene and a tnuncated form of
human CD4, the later IRES-dependently expressed. The vector also contains a
puromycin-resistance gene expression cassette. Puromycin-resistant clones were
first selected to obtain a set of clones that had chromosomally integrated the
pETR1537 vector DNA. Clones were then screened for surface expression of



replication origin oriP fromEpstein Barr virus. [0214] Using the priners
GAB- 261 and GAB-262 a 2 kb fragnent containing oriP was anplified fromthe
plasm d pCEP4 (lnvitrogen). During this PCR reaction at both ends of the
fragment Sspl and EcoRl sites were introduced. For sequencing, the oriP
fragnent was inserted into the vector plCl9H After the correct sequence
has been confirned ori P was inserted as a Sspl fragnent into the vector
pETR1001 (digested with BsnmBl and 5'_overlapping ends filled in using

| cl enowpol ynerase). The resultingplé%hid was designated pETR1507. A Sphl /
Nrul manl|-GnTIl | expression cassette from pETR1510 was inserted into

pPETRI 507 digested with the same restriction endonucl eases ?iving the plasmd
pETR1519. - gtruncete qdp4 g@a@e Adich -senepRasop marker for expression level of the

GCTAAATATTGAATLCCE ( GAR- 262 -
TAGCAATATT%% %m%ﬁ%ﬁé %MHCA[ %@%ﬁ%ﬁﬂf’gﬁbﬁdyc:onbi nation of
the hybrid nenefiictiGn®f the sélestadoivngene vantedusingun EAfPalassg§D4 cel | - surface marker

gene (02g5h The RETRSOBRKRESSEL VL SHOTn A% DA KLed far,agditi onal

expressi-on ° of a celT-'surtace mar ker “"gerie. B e | y, the hybrid
manl | - GnTI | | trarfsfesiion wgne EXHH esgesimmcasset vas pasormed \iergaedlef. r om a

of the- st op TERGRTSP TReSeRts SR YEE ARNE b Mot B0 RES elenent
fol | oned by expedshific ENED divargotalaells: 631G af altl cdily e dch¥ssipd ¥l M Celtonpri sing t he
T O B SALSPSEd Ooun B Rl el Mokl Lo one and
GnTl | | - f usi OFETRIIA7 oR P YHTOGK e Sotall@ aFutedat eI 500 1 .ao@go‘ aatisgooof BHK cel | s
[0216] Expongtirel L Shputroscel Lo (U sl L 2080 st geeded 1 the
~oprior to gkAGh(EBRARIIMFCSI0 Githl piremyRe] Ui/ RMdntycly. ciGrk! Cul ture

Technol ogi es\;vere visible after two weeks. They were expanded and screened for truncated-

CD4 (tCD4) expression and antibody expression.

[0221] For the screening of tCD4 expression level, dpproxhnately 500,000 cells

were washed with FACS buffer and incubated with 5 1l of FITC anti-human CD4

(Becton Dickinson, Switzerland) for 20 min on ice. After two washes cells were

resuspended in 0.5 ml FACS buffer and analyzed with a FACS (Figure 17A-B).

A clone with a good expression level of tCD4 was isolated (BHK-1502-28-11).

After 5 days of growth in a T25 flask, it produced about anti-CD20 antibody at a

final titer of 17 pg/ml, as determined by ELISA.

| 4, Production and purification of unmodified and glycoengineered
( antibodies

Harvesting of culture medium

[0222) Tn the case of BHK cells transfected with an antibody expression vector or
co-transfected with an antibody expression vector plus a GnTIII-fusion
expression vector, the culture supernatant was harvested after culturing the
transfected cells for 96 h post transfection. Depending on the expected
productivity, several electroporations (10-15) were done for the same vector.

{0223] In the case of HEK293-EBNA cells transfected with an antibody

expression vector or co-transfected with an expression vector plus a GnTHI-



Swi tzerl and) supplenmented with 10 % fetal calf serum (FCS) was used. Cells
were counted prior to electroporation. 8 x 106 cells were harvested by
centrifugation (5 mn, 200 x g) and the supernatant was di scarded. The cells
were resuspended in 800 | Invitrus nmediumand were transferred to a sterile
el ectroporation cuvette (0.4 cmgap) already containing 8 g circular plasmd
DNA and i ncubated for 5 mn at roomtenperature. The cells were

el ectroporated wusing a Gene Pulser Il (BioRad) with the foll ow ng
conditions: 400 V, 960 F with two pifrses in-a 30 sec interval. After the

el ectroporation the cells were imediately transferred into a T25 fl ask
containing 5 m of outgrow nmedium (lnvitrus / 20 % (V/V) FCS/ 1.25 % (V/IV)
DMSO) and merﬁsiohm;ubstmﬂvmtor,aﬁéjculﬁﬁe miedium SR Rlacddrs kshrmltimecubat or . For

production of unnodified nt i hodi e the cells were
t ransf ect ed B]ﬁ?w]?rﬁ %eﬁ@%uﬂgésg%&%cg 9@%@‘3&% %W‘t’??éhcﬁr oducti on of
tlhe gl écoenghﬁ?@teadﬂ&rﬂglthﬁ@t&sﬁanﬁﬁe}&edeﬂlsgc&a\r:mltter@:ﬁ}ltduams;ect ed with two
ol ypeptHal ( S0 T erbir BF ke RP a8t ont i & Gpurtrag Scsns 1000 pect f vel y.
Transfecti oncats/nttlﬁtf@&gmﬁam helkedt&d a[f@?i&ﬂys%l‘&ﬁﬁ@d’\khﬁ'tﬁé’ceﬂlﬂ@ﬂ!ﬂ?g HEK293- EBNA

cells were transfect cal ci um phosphate nmet hod. Cells were grown as
adher ent nonBRaLEX 1eu‘[1§t&‘|"@‘§15fpﬁ andrthe pedlspabilify PRGPBVEM cul t ure nedi um

suppl emented with 10% FCS, and were transfected when they were between 50
and 80% conf | uent.. Fog t.he transfection of a T75 flask, 8 mllion cells
were seeded 28Y e transfection in 14 m  DVEM cul ture nedi um

suppl emented with FCS (at 10% V/V final), 250 g/m neonycin, and cells were

pl aced ﬁn?gc in ﬁonoc g efﬂ‘%g{ solp ﬁéwﬁ&oz‘ﬂﬁ%\é %ﬁ‘%ﬁt us%vqwnl ght. For each

T75 fIa be trans Ion O water was
t{r epared by saquéntigl dhifomatbgragtlic pteasm'ﬂtevﬁmst otep Dhdgist@B bf IProtelh & 1M Cad 2

3691 of a SOnRrreame ks pheRi st B Bt s B M pit 7 05 v
added, m xedhﬁnmﬁgﬁatﬂdxwiﬁbllot&dw(a catiueh exeliahgd m@ﬁa@a;ﬂﬁc dtegan  tenperature
for 20 sec. excﬁange ﬁgeserllrsnf)lgguf\fa ?o ﬁ:osp%a?e%uﬁde}eg sa:![me @Bs‘ﬂf DVEM

5. Oligosaccharide Analysis

{0226] Oligosaccharides were enzymatically released from the antibodies by
PNGaseF digestion, with the antibodies being either immobilized on a PVDF
membrane or in solution.

[0227] The resulting digest solution containing the released oligosaccharides

’k ! either prepared directly for MALDI/TOF-MS analysis or was further digested
with EndoH glycosidase prior to sample preparation for MALDI/TOF-MS

analysis.

Oligosaccharide release method for PVDF membrane-immobilized antibodies

[0228] The wells of a 96-well plate made with a PVDF (Immobilon P, Millipore,
Bedford, Massachusetts) membrane were wetted with 100 pl methanol and the
liquid was drawn through the PVDF membrane using vacuum applied to the
Multiscreen vacuum manifold (Millipore, Bedford, Massachusetts). The PVDF

membranes were washed three times with 300 pl of water. The wells were then



suppl enented with 2% FCS, and added to the T75 in place of the existing
medium The cells were incubated at 37C, 5% CO2 for about 17 to 20 hours,
then medi umwas replaced with 12 mM DVEM 10% FCS. For production of
unnodi fi ed (non-gl ycoengi neered) antibodies, the cells were transfected only
wi th anti body expression vectors. For the production of the glycoengi neered
anti bodies, the cells were co-transfected with two plasm ds, one for

anti body expression and the other of fusion GhTlII| pol ypeptide expression,
at aratio of 4:1, respectively. At-8ay 5 post-transfection, supernatant
was harvested, centrifuged for 5 mn at 1200 rpm followed by a second
centrifugation for 10 mn at 4000 rpm and kept at 4C. -83- Ceneration of a
st abl e mamal adhe@®ith 50 LIRENE KR B8N WBead3 d0RGOTRY, BaRM BOTA (F086). anti body
[0218] BHK cells (BHK21-13qég§Fre transfected by el ectroporation wth
PETR1502 C2B8BetieerbBHHL 1eeapt bestyi vesa loaded ip g wellispwdtinigp A pi ReMauferony ci n-

resi stance ge . i ggﬁ {}l& LN- i St were first
selected to og%al e{g%%ltvﬁg g C %‘ﬁ%{shﬁi a gﬁ%‘%‘b@ﬁ%%%@%ﬂngﬁc%ﬁ’%‘zgrat ed the
PETR1502 vect the midndranelwaiaasbsegreatly ashed ewieenetl shqQi RE@d e Rt ant i body
production using an EL| SA assay. Briefly, 24 hqurs post el ectroporation,

. 2 .
vi abl e cel | stegistian of dkrdde SRAges ryees tnespidred i 2ditien of SP dh &) WA det er mi ned by
counting 1 fl&i@ﬁ&&%ﬁ&hﬁ@i\d&d%cuﬁ%@?%@ﬁ"elfer1 ntrol el ectroporation done
t

with a pEYFP- expression vector. I's"were dilluted in Invitrus selection
medi um c #2885 ni ng Folowiig FedSctimcha vacmgh wies appliedoinyanave thesiithioktyeitol ght  96- wel |

pl ates were seeded w t di.ff.ere concentrations of..viable, transfected
cells (1 x 103" n;ro%fgtegrﬁé. hexW fver%‘gﬁﬂ%c{%éercq%eﬁ mgggéﬁ%ﬁf)at ed at 37C
unt ii cl ones etk ferfremingeiichibbe@netilien bithe cyelein asidhady gdditivn of 0 al nost
nfluent, th pernatants wer al ysed. by ELI SA for antibhody producti on.
L1 SA positi vio éb&ﬁé’é’g%éﬂé‘ a&&ﬂéﬁﬂ@ﬁ’“ﬁ%‘r@gmﬁbaﬁa@ FEQ2 CRRFALFH equent |y to
6-wel | pl at esthe asl fdrR@Mih0 725 flasks. After five days of growth in T25

flasks, the final antibody titer was determ ned using an ELI SA assay. Using
this el et®3por at iAfter sadoepetiation, heordliurae srasmpyith apuvepzed

ant i body- exPr &85 BHRE re kARG 4B K FRLTASI VIR SuckiSphabed that produced
then blocked, to prevent adsorption of the endoglycosidase, by incubating 100 pl

of'a 1% aqueous solution of polyvinylpyrrolidone 360 at room temperature for 1
hour. The blocking reagent was then removed by gentle vacuum followed by
three washes with 300 ul water.

[0231] N-linked oligosaccharides were released by addition of 2.5 mU peptide-
N-glycosydase F (recombinat N-Glycanase, GLYKO, Novato, CA) and 0.1 mU
Sialidase (GLYKO, Novato, CA), to remove any potential charged
monosaccharide residues, in a final volume of 25 ul in 20mM NaHCO,;, pH7.0).
Digestion was performed for 3 hours at 37°C.

Oligosaccharide release method for antibodies in solution

[0232] Between 40 and 50 pg of antibody were mixed with 2.5 mU of PNGaseF
(Glyko, U.S.A) in 2 mM Tris, pH7.0 in a final volume of 25 microliters, and the

mix was incubated for 3 hours at 37°C.

Use of Endoglycosidase H digestion of PNGaseF-released oligosaccharides for
the assignment of hybrid bisected oligosaccharide structures to MALDI/TOF-MS

neutral oligosaccharide peaks




13 g/m of antibody under the above culture conditions. Generation of a
stable mammal i an cell |ine expressing a reconbinant anti-CD20 anti body and
a GhTM fusion [0219] The cl one BHK-1502-28, constitutively expressing
anti-CD20 nonocl onal anti body genes and the neonycin resistance gene, was
transfected wth the pETRI 537 expression vector by el ectroporation.
PETR1537i savector for constitutive expression of the Manf-Gitll|l gene and a
truncated formof human CD4, the | ater | RES-dependently expressed. The
vector also contains a puronycin-re87stance gene expression cassette,
Puronmyci n-resistant clones were first selected to obtain a set of clones
that had chronosonally integrated the pE7R1537 vector DNA. C ones were then
screened{23] surf AbePE&peR eddaomd obfosa@@Harides were atbedinGiY dge®idd)ith whi ch serves

ker f f.ot i t -GnTl I+t CD4
2>S<p?eg§ir oﬁr ur?Df1 qﬁ%@@ssI}ﬁ%:?%ﬁlgﬁ)(;&:%&e&g‘gﬁgfg?%ﬁgﬁ “E‘I\{ﬁghg‘& ted+cl onege\r/]\gs
verified usi qBods, HhitfEAadl} see. adiéiAd Ue BUGREF Higed RhEISR in ¥a6ticy DNA was

|l inearized w't n A contrgl  transfection with a EYFP expression vector
was perfor ned?‘qui‘? agoéw)p&gwe T ARAls Yhwps Sﬁ S8 mppejiisrie prduihe B8t ¥eSi ned after 24

hours by Counﬁduﬂﬁecgﬁl'ﬁﬁowﬂ@fﬁeﬁh&g{%Es%enfh@&@éce@f%ﬁcﬁsm%ﬁ% of all cells

wer e expressing EYFP viability was of 91% ay after
transfection resghueq: of the ghitobiost exge of Nk gsiFoliRoSRGhagdesp EFRzYme eanseri al | y

diluted at 1: ot . 2 ded in 96-wel |
plates, in a’ |na v%%gﬁemﬁg%q%gﬁ%gﬁmg%?ggy%%ﬂ co%?ﬁ |%trus 10% FCS,
20 g/ m pur omjigésaccharideg anginobhedrofzied) . Cl ones were visible after two weeks.
They were expanded and screened for truncated- CD4 (tCD4) expression and
anti body expressj on. [0221] For the screening of tCD4 expression |evel,
gpprpm mat el R2AEREG DIRPATAHE] ALDITQEMSed with FACS buffer and incubated with
of FI TC anti - human CD4 (Becton Di ckinson, Switzerland) for 20 mn on ice.

After t shes cells Were resuspended in 0.5 FACS buffer and anal yzed
with a G Fi gulhe wRamEc detrop i o gobaloepa oL, o el vz
vas isol at ed jfcBhifed B9 4 -filrd 3 h)at rood & the Maion OF 2ki0wkid td B igalT25 flask, it
produced about anti-CD20 anti body at a

concentration of 150 mM, and were subsequently passed through 0.6 ml of cation
exchange resin (AGS50W-X8 resin, hydrogen form, 100-200 mesh, BioRad,

Switzerland) packed into a micro-bio-spin chromatography column (BioRad,

Switzerland) to remove cations and proteins. One microliter of the resulting
samaple was applied to a stainless steel target plate, and mixed on the plate with 1
wl of sDHB matrix. sDHB matrix was prepared by dissolving 2 mg of 2,5-
dihydroxybenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 ml of
ethanol/10 mM aqueous sodium chloride 1:1 (v/v). The samples were air dried,

( } 0.2 ul ethanol was applied, and the samples were finally atlowed to re-crystallize
under air.

MALDJITOF-MS

[0235] The MALDI-TOF mass spectrometer used to acquire the mass spectra
was a Voyager Elite (Perspective Biosystems). The instrument was operated in
the linear configuration, with an acceleration of 20kV and 80 ns delay. External
calibration using oligosaccharide standards was used for mass assignment of the

ions. The spectra from 200 laser shots were summed to obtain the final spectrum.



final titer of 17 g/m, as determ ned by ELISA. 4. Production and
purification of unnodified and gl ycoengi neered antibodi es Harvesting of

cul ture nedium [0222] In the case of BHK cells transfected with an anti body
expression vector or co-transfected with an anti body expression vector plus
a OnTll1-fusion expression vector, the culture supematant was harvested
after culturing the transfected cells for 96 h post transfection. Dependi ng
on the expected productivity, several electroporations (10-15) were done
for the same vector. [0223] In the ca$e of HEK293-EBNA cells transfected

wi th an anti body expression vector or co-transfected with an expression
vector plus a GTlIIl -85- fusion expression vector, the culture nedi umwas
repl aced by fresh &ul t ®Bs4C Begirationappr oxi mat el y 16 hours post-transfection
and the later nediumwas then harvested after culturing the transfected

cells for urth urs. e BHK-1 502-28-11
cellli ne,[O% I:ul tu?%e \Rﬁegals 80 eémlzgl g%‘ (38%; Eﬂ@ag\@)s/wn{e I S d‘élrnﬁat ant
harvest ed af t Histopagleyl97D{(Sighth t Dingnosfirarint. h6t. dekls, VEPEI1TY USAgSand. 7 x 106

able cells/ and the el_l ability of 69% bod rification [0225
\I\//Ibnocl onal . Ennﬂ ﬁﬁ?jﬁeﬁ%& aF’?llEFﬁ%B °1g§5%€r 2 IVYalﬁg t:/vo [ !

sequenti al Chfa@éﬁi\'&/ﬂ]gh@ﬁﬂmﬁedsstyﬁﬁges fnevithdtéds FheRe@QEIcddSh @eh RF tProtein A

chr omat ogr aphy . u5| n radi ent, elution that effecti y separates bovine
and hunan Ig %@?ﬂg’é”g‘bﬂd%@dn%‘?s%ﬂ@é’ﬂcﬁﬁa%&fﬁé Y‘@L? &t ogr aphi ¢ step

to exchange (rhle)lﬁal@fmoed Ik bRbd was Ahesanatser. Puil BB Syt ahthinRg CEBS) . 5.
A i gosacchari de Anal yS| s [0226] Ai b%osaccharl des were enzynatically rel eased

fromthe anti %3¥s & Ipxpredppdistenaars-HEdt Thsgradignt wasicaririfined 5469 €8 bei ng ei t her

i mobi | zed opy a9 BYDk rod¥ERiRb &8 r<RT) %tﬁ&ﬂtls‘ﬁehl&”fhehﬂt&%ﬂse?&ﬁmﬁﬁém ting digest
s(gl u?\m n containi I\g‘ﬁt he rel eased ol igosaccharides eéither prepared directly
L

DI / TOFhREBMp ayay spldectsd and svashed: Wik PBSJ8Q tnécper welishiERdeY gl ycosi dase
prior to sanplbe:Bi:QRAI MriRd bPEentikEiod 6088 for 10 minutes at RT. After

tesuspension of the pellet with PBS, the PBMC were counted and washed a
second time by centrifugation at 200 x g for 10 minutes at RT. The cells were

then resuspended in the appropriate medium for the subsequent procedures.

7. NK Cell Isolation

[0237] Human NK cells were isolated from PBMC applying a negative selection
procedure using magnetic beads not binding to CD16- and CD56-positive cells
(MACS system from Miltenyi Biotec GmbH, 51429 Bergisch Gladbach, GER}).

( ) PBMC were washed once in ice-cold MACS buffer (PBS containing 2% FCS and
2 mM EDTA), resuspended at 20 Mio cells per ml of a 1:1 mixture of FCS and
MACS buffer and incubated for 10 min at 4°C. The cells were then pelleted and
resupended in 80 pl per 10 million cells with MACS buffer containing 10% FCS.
Then 20 pl Hapten-antibody solution per 10 million cells were added. The cells
were incubated for 10 minutes at 4°C with repeated swirling of the tube. After
two washes with MACS buffer in at least 10 x the labelling volume, the cells
were resuspended in MACS buffer containing 10% FCS at 10 million celléper &0
pl and 20 pl anti-hapten-microbeads per 10 million cells were added. The tube
was incubated for 15 minutes at 4°C with repeated swirling of the tube. After one

wash with MACS buffer the cells were resuspended at up to 100 million cells in



anal ysis. diaosacchari.de rel ease nethod for PVDF nmenbrane-i mmbilized

anti bodies [0228] The wells of a 96-well plate made with a PVDF (I mobi |l on
P, MIlipore, Bedford, Massachusetts) nenbrane were wetted with 100 |

met hanol and the liquid was drawn through the PVDF nmenbrane using vacuum
applied to the Miltiscreen vacuum manifold (MI1ipore, Bedford,
Massachusetts). The PVDF nenbranes were washed three tinmes with 300 | of
water. The wells were then -86- washed with 50 41 RCM buffer (8M Urea, 360nmM
Tris, 3.2mM EDTA, pH 8.6). Between 3§-40 g anti body was | oaded in a well
containing 10 I RCM buffer. The liquid in the well was drawn through the
menbr ane by appl yi ng vacuum and the nenbrane was subsequently washed tw ce

with 50 | RCM . ' ' bl e L perforned by
addi t on of SO R MERCE T aiiEHEh b B8 A Y e oD °57C T o 1
h. [0229] Fol MiMI-NMACSadleget d squalihrated ruith hasMayils huéfer. Tioe cobmonvesst he
dithiothreitol .solutlon fr € | . .The | | s. wer.e shed three tines
with 300 p1 V\gf}%lre&)wﬁ%?55@%&?&?@%@*%&;@5%9’%%%%%Iéﬁ%wﬁrfat he cysteine
resi dues by aeldiettedandfubsafiertly. ubdd d0NRaeHs. iParigCisdieteminedvbp aifser and

i ncubati on at roomtegggraturg i.y, the dark for 30 min. [0230] After

car boxymet hy| EPIEHD FALPHEIPRSSTE e drawn with vacuum and subsequent!y
washed three tines with 300 sl water. The PVDF nenbrane was then bl ocked,
to prevent adsorptd on ?\fDé@ﬁ Seandoglycosi dase, by incubating 100 pl of a 1%
aqueous sol ution of polyvi nyfpyyrrol i done 360 at roomtenperature for 1

hour. The bl ocking reagent was then renoved by gentle vacuum fol | owed by
three wad®38] wit h or NEasseatffectpooddls weg- prepakedcas esogberhdboharibdes wer e

rel eased by aggb anle 2u5u sS85 T WA SAPMRREE, EofdRARTDI nat
‘G ycanase, cfghé r}ﬁ%vato, % “and 0. 1° %Igjg. | ase’% % ‘Novat o, CA),
to renove anyTpotHenterapellshwergertepansinos £&dWh¥ringdiunesti Shaeappropriata fi nal vol une
of 25 s1in 2 Iﬁ%'ﬂ% ' 0. I fiar 3 hours at
37C. digos ac‘%%%nl ere Oérgégéo Foiraeq %%é] Qeg r%J’eellal ncfr}iré%gi bgg‘)ll;l%%rs%i%ﬁ@gsﬁ
Target cells for C2B8 antibodies were SKW6.4 or Namalwa B lymphoma cells
grown in DMEM containing 10% FCS. Target cells were washed in PBS,
counted and resuspended in ATM-V at 0.3 million per ml in order to add 30'000
cells in 100 pl per microwell. Antibodies were diluted in AIM-V, added in 50 pl
to the pre-plated target cells and allowed to bind to the targets for 10 minutes at

-

RT. Then the effector cells were added and the plate was incubated for 4 hours at
37°C in a humified atmoshpere containing 5% CO-. Killing of target cells was
assessed by measurement of lactate dehydrogenase (LDH) release from damaged
cells using the Cytotoxicity Detection kit (Roche Diagnostics, Rotkreuz,
Switzertand). After the 4-hour incubation the plates were centrifuged at 800 x g.
b 100 pl supernatant from each well was transferred to a new transparent flat
bottom 96 well plate. 100 il color substrate buffer from the kit were added per
well. The Vmax values of the colorreaction were determined in an ELIS A reader
at 490 nm for at least 10 min using SOFTmax PRO software (Molecular Devices,
Sunnyvale, CA94089, UUSA). Spontaneous LDH release was measured from wells
containing only target and effector cells but no antibodies. Maximal release was
determined from wells containing only target cells and 1% Triton X-100.
Percentage of specific anfibody-mediated killing was calculated as follows: ((x —
SR)/(MR — SR)*100, where x is the mean of Vmax at a specific antibody



[ 0232] Between 40 and 50 pg of antibody were mxed with 2.5 nlJ of PNGaseF
(dyko, US A) in2 mMMTris, pH7.0 in a final volunme of 25 mcroliters, and
the mx was incubated for 3 hours at 37C. Use of Endoal vcosi dase H

di gesti on of PNGaseF-rel eased olisosaccharides for the assignnent of hybrid
bi sected olieosaccharide structures to MALDUTOF-MS neutral olieosaccharide
peaks -87- [0233] The PNGaseF rel eased ol i gosaccharides were subsequently

di gested with Endogl ycosi dase H (EC 3.2.1.96). For the EndoH digestion, 15
mJ of EndoH (Roche, Switzerl and) weP® added to the PNGaseF di gest (anti body
in solution nethod above) to give a final volume of 30 microliters, and the
mx was incubated for 3 hours at 37C. EndoH cl eaves between the

N-acet yl gl ucoasrntetions 88 isdhpameap pf Yinax dfifictspisitoseusselease arfd MR isithg e d

ol i gosacchari of VAGx | y digest oligomannose and nost hybrid
type dl ycans,ﬂﬁé’?eas ?g%%ﬁ%%eq% i gosaccharides are not hydrol yzed.

Sanpl e Preparation for MALDI / TOF-MS 10234] The enzymati c di gests contai ni ng
the rel eased ol i ggsacchaRfg$iWeton NKGHbated for a further 3 h at room

after the addition of acetic gl\g?lg %lo a flpnal concentration of 150 mM and
wer e subsequent|y_passed through 0.6 ml of cation exchange resin (AGOW X8

resin, hiBfYgen 7 EFsthly derdatehKnests wem;icopiainged S pinytey ptAYd X Harked into a
mi cr o- bi 0- SPi fetfdife Wath QAOINVE _la'dﬁmac{tﬂoﬁﬂ@g(l40§‘lﬂ4ﬁ\7a@f,|5%ﬁq)1{@19 renove

cations and proteins. One mcroliter of the resulting sanple was applied to

a stainl ess sitedP), Lyrinubaisgct v 10 aplly/w ok evprolemprrEtut for & mipYes. o sl of SDHB
matri x. sDHB gRbfdNK VAR REGREE BE, e HAR3R! Y 'Iﬁlﬂzu%z.%d.@?a?ﬂ ﬁ)ﬂ' hydr oxybenzoi c
acid plus 0.1 ng of 5-methoxysalicylic acidin 1 of ethanol/10 mM
aqueous #B&%Ilum chiCels were washed (o timepiath §B ) 4 Bds @0l sodiym agide 0. 2 s
hanol vas appljednaid M@d'ﬁ?mo%sx Y@ end DR Bek, 3l quad olooq e- crystal lize
iﬁ]de? air. MALDIGJT%:?- M5~ [Q235] The MAL D - mass spect 7 oneter used to
acquire the rradsmspiiot F&x L0nesllawaroyrrybatedwith &, PPeppbctitfaiBibsyst ens) . The
I nstrunent mea%ﬁﬁ)&?rv%}xgﬂs £} 30 min at 4°C. Cells were then washed two times and
antibody binding was detected by incubating with 1:200 fluorescein
isothiocyanate-conjugated F(ab’); goat anti-human IgG  (Jackson
ImmunoReasearch, West Grove, PA) and anti-human CD56-PE at 5 pl /5 x 10°
cells (BD Pharmingen, san Diego, CA) for 30 minutes at 4°C. (ShieldsR. et al.
J. Biol. Chem. 277(30):26733-26740 (2002)).
[0241] The fluorescence intensity referring to the bound antibody variants was

determined for CD56+ cells on a FACSCalibur (BD Bioscience, San Jose, CA).

10.  FegammaRIIb binding on Raji lymphoma cells

(\. | [0242] Raji B-cell human lymphoma cells were washed 20 min at 37°C in PBS
(concentration 0.3 Mio cells/ml). Cells were then resuspended at 2.22 million
cells/ml in PBS, 0.1% BSA, 0.01% NaNj3, and 180 pl added per FACS tube.
Ten-fold antibody dilutions (0, 0.1, 0.3, 1, 3, 10, 30 pg/ml) of L19-unmodified
and 119 glycoengineered monoclonal antibodies were added to the Raji cells and
incubated at 4°C for 30 min (final cells concentration 2 million cells/ml). After
two washes, 1:200 of fluorescein isothiocyanate-conjugated F(ab™); goat anti-
human IgG (Jackson ImmunoReasearch, West Grove, PA) was added to the cells
and incubated at 4°C for 30 min. After one wash, cells were resuspended in 0.5

m! PBS, 0.1% BSA, 0.01% NaNj and the fluorescence intensity referring to the



the Iinear configuration, with an accel eration of 20kV and 80 ns del ay.
External calibration using oligosaccharide standards was used for mass
assignment of the ions. The spectra from 200 | aser shots were summed to
obtain the final spectrum -88- 6. PBMC Preparation [0236] Peripheral bl ood
nononucl ear cells (PBMC) were prepared using Hi stopaque-1077 (Signma

D agnostics Inc., St. Louis, M63178 USA) and follow ng essentially the
manuf acturers instructions. In brief, venous blood was taken wth

hepari ni zed syringes from vol unt eers-%Who were asked to run for 1 minute at
full power in order to increase the percentage of natural killer cells (NK
in the blood. The bl ood was diluted 1:0.75-1.3 with PBS not containing Ca
or My and | ayenedantihodsivatiapeeaselettinided chh& AGISadiian (BInBmsdend, Barf uged at 400 x

gf for 30 mn_a omte rature (RT) without breaks. The interphase
cont ai ni ng tfl‘}ﬁe’béal%rmgg%ﬁr ected and washed with PBS (50 ni per cells from

two gradients) and harvested by centrifugation at 300 x g for 10 m nutes at
RT. After resuspension_ of, t el l.et w.th.PBS, the PBMC were counted and
washed a second ?:Prre ?/mélgnﬂpﬁidg%eé’%#%Ot%’fmg’oaﬁ'saf g for 10 mnutes at RT. The
cells were then resuspended in the appropriate mediumfor the subsequent
procedur 824317, NKTaxget cells siezet soontefl, 4d WithhBBS Ni<suspenided epdM-Vsol at ed from

PBMC appl yin . t . ion 0 re_usi,n et i eads not

bi n gt o CorTuEER s (B8, Sl m B0 SN BhEE el STl | eyt i ot ec
GhbH, 51429 Bettgh$6 WelbphtthAatihodEER)tions WEMprepmee nvadh&dnoadiedimn i ce- col d MACS
buffer (PBS cgntaiping 2% and DTA) ., resu ded at 20 Mo cells
per M of a 1 fﬁmtﬁ?ffﬁé'%tg%?‘ﬁﬁaa&%%ﬁ%%é}?e% ﬂﬁ)?i@@ﬁ]éﬁe&at for 10 min at
4C. The cel | oM i@npefite Hih&t SdumtempAsSMISRIRY w4 Riahlly @ANed10 M1 1ion

g(el lf' wi th MACS buffer containing 10% FCS. Then 20 | Hapten-anti body

ol uti

| uti on per 4dilgtedPfpld rthe M- apd pdded indtdae! torthe welly. Rgbbilgomplepseiubat ed for 10
m nutes at 4 | L il ] 2 shes with
VAGS buf fer 1t e el aBRaEE) S blpfh Pleckieby He mailafitoer e A21E
resuspended i3afoldngsh HIM{\eandcaddedniniomg tolbeEIBS Aata cofiralj doluplementel | s per 80 |

and 20 I ant s hARKAEJG FORBR aPec Mol kiR L Ltapter @ added. The tube
[0244] The assay plates were incubated for 2h at 37°C. Killing of cells was
determined by measuring LDH release. Briefly, the plates were centrifuged at
300 x g for 3 min. 50 pl supernatant per wéil were transferred to a new 96 well
plate and 50 pl of the assay reagent from the Cytdtoxicity Kit (Roche) were
added. A kinetic measurement with the ELISA reader determined the Vmax
corresponding with LDH concentration in the supematant. Maximal release was

determined by incubating the cells in presence of 1% Trition X-100.

L, ) Resnlts and Discussion

[0245] Glycoengineered versions of an anti-CD20 chimeric IgGl antibody
(C2B8 chimeric antibody, also known as rituximab) were produced by co-
transfecting cultures of mammalian cells with vectors for expression of antibody
genes and with vectors for expression of genes encoding various polypeptides
with GnTIII activity. Anunmodified (non-glycoengineered) version of the same
antibody was produced by transfecting mammalian cells only with the vector for
antibody gene expression. The transfected cells were kept in culture for at least
three days and the secreted, recombinant antibodies were purified from the

culture medium by Protein A affinity chromatography. Expression of genes



was incubated for 15 mnutes at 4C with repeated swirling of the tube. After
one wash with MACS buffer the cells were resuspended at up to 100 mllion
cells in -89- 500 | MACS buffer and | oaded onto a LS MACS col unm whi ch was
placed in a MN-MCS mgnet and equilibrated with 3 mM MACS buffer. The
colum was washed with 3 x 3 m MACS buffer. The cells in the flowthrough
fraction were collected and subsequently used as NK cells. Purity as
determ ned by CD56 expression was between 88-95 % 8. ADCC Assay [ 0238]
PBMC or NK as effector cells were prepared as descri bed above. The effector
to target ratio was 25:1 and 10:1 for PBMC and NK cells, respectively. The
effector cells were prepared in AIMV nedium at the appropriate

concent r at i ONericBdigs PElhpdpadackdihSATII mmwhhomvera@yﬂguﬁ&htaf&% wel | plates.
Target cells feglcy C2B8 anti bodi es were SKWs. 4 or Namal wa B | ynphoma cel |l s
&

grown i n DVEMEoHbltH o5y gm%w@hboﬁapgﬁvﬁw Telativedp éelkﬁ/ag*{ﬁeﬁchgpss count ed
and resuspendgghipBiyMMads. at 0.3 mllion per nil in order to add 30" 000

cells in 100 | per mcrowell. Antibodies were diluted in AIMYV, added in 50
| to thémﬁﬁb pI atﬂw pta?ﬁjétanéqun@ werel therl anebded dorbihpia alwosdiopar gets for 10

mnutes at Gehibged ] gsa@&gﬁ&’%aaﬂgchw @l e was

i ncubat ed for 4 ours at %%C In hur ni f| at no ere contalning 5% CO2
Killing of tahgaf7aedidus ofabe ha@%gédewmasﬁheeﬁ@Sacdianﬂ@cWaﬁe

dehydr ogenase kgﬂ; f d h t oxi ci ty
Det ection kit fz Ca{l%rgﬁﬁﬁegt ?@g] %B@%e%ﬁ%\?ﬁ#?é %d‘?l.d% rt%er t he 4- hour
i ncubation t hmbpﬂqaerebrandmdbEMﬁdtHIngEdm LBﬁ@thxstg;hmqihﬂﬁti*pcssxpler natant from

each wel | vas, t ansferred t.0 tr arnent fl at wel | plate.
100 | color sub{: trat %ﬂée% tnon??%riﬁﬁévlie ot %&P@e%&%}% te%‘fltt ? The Vmax
v€I uzs of t heortgihabFc- bbgﬁhdchmdﬁpmmlaﬁeh eanmt iseatho possibie tﬂsblgi\sﬂmﬁ:chsr at 490 ran

Sunnyva: Z?St 1%@%%5%%%% Géﬂ%%ﬁé@ﬂ %‘_‘;trwgr@gér% lfllﬁ%aéﬁ% C?fbm wel |'s

cont ai ni ng on1&0(19&9)get and effector cells but no antibodi es. Maxi mal rel ease

was det ne r containing only tar nd_1% Triton X-100.
Per cent aglg‘]hf spec!:p W%qéh?W%@ﬁ99MPgﬁ%Wcﬁ?q¢ “ﬁgﬁ’aﬁééiﬁgmoﬁfeé% als fol | ows:
((x - from the recombinant C2B8 anti-CD20 chimeric IgG1 antibody produced in

BHK cells. These cells were transfected with antibody expression vector

]

pETR1502. Figures 2 to 4 show the corresponding profiles for the same antibody
produced by BHK cells engineered with nucleic acids encoding polypeptides with
GnTIH activity. The profile in Figure 2 results from the use of a2 nucleic acid
encoding wild-type GnTIII expressed from vector pETR1166. The profile in
Figure 3 results from the use of a nucleic acid encoding 2 fasion polypeptide
comprising at the N-terminus the localization domain of GnTI fused to the C-
terminal catalytic domain of GnTIHl. This fusion gene was expressed from vector
pETR1425. The profile in Figure 4 rtesults from the use of a nucleic acid
encoding a fusion polypeptide comprising at the N-terminus the localization
domain of Golgi a-mannosidasell (Manil) fused to the catalytic domain of
GnTI. This fusion gene was expressed from vector pETR1506.

[0248] The unmodified antibody has a typical oligosaccharide profile (Fig. 1),
with peaks at m/z ratios of 1485, 1648 and 1810 being consistent with
biantennary, core-fuicogylated, complex oligosaccharides with 0, 1- and 2-
galactose residues, respectively. Similar profiles are found for the Fe-region
oligosaccharides of non-engineered IgG1 antibodies produced in other standard

mammalian, industrial cell lines such as CHO and mouse myeloma cells (Lifely,



SR}/ (MR - SR)*100, where x is the nean of Vmax at a specific antibody -90-
concentration, SR is the nean of Vmax of the spontaneous release and MR is
the mean of Vmax of the maximal release. 9. Fc7RII1 A binding on NK cells
[0239] Freshly isolated NK cells were centrifuged 5 mnutes at 200 x g and
pretreated with 0.09% (wt/vol) lactic acid solution (140 mMM NaCl, 5 mM KCl1,
pH 3.9), by incubating 3 x 105 cells/m at roomtenperature for 5 m nutes,
to renove NK cell-associated 1gG (De Haas M, J. Inmunoi. 156: 2948
(1996)). [02401 Cells were washed two%%ines with PBS, 0.1 % BSA, 0.01%
sodi um azi de and concentration was adjusted to 2 x 106 cells/m in PBS,
0.15 BSA, '0.01% sodiumazide. 5 x 105 cells were incubated with 0, 0.1,
0.3, 1, 3, 10MRnet alarfFlvesdinjosyat3 Bni2e ({L975)B0Engineerng 4tthece1ﬁb<sdywere t hen
washed two ti ing with 1:200
fl uorescein %@ﬁ%é&lgﬁ% ’g’%g%?f%gade ﬁ@?ﬁ[ﬁ? %ﬂy ?r%% | gG (Jackson
| mmunoReasear ¢lvpsigat, c@lplweblaﬁléx)na@nm@mchahdm(mg%ﬁaﬂ?ﬁem abin/z/ 5 x 105

cells (BD Phar r m nut t 4 Shields R et

al. J Biol. éﬁ@ﬁ‘?ﬁg%ﬁg&mﬁg%@% f‘?ﬁfgf F%Qﬁ‘%iﬂ%qaﬁﬁf(ﬁi hor escence
intensity ref &icbiyged wlighacknatidd waks Fodd vmrmanﬁ:ma@&d defitedyi ned for CD56+
cells on a FACSCal i bur BDBOC|e n, Jose, . 10.. FegammaRl | b

bi ndi ng on Raj-PEPSHPRS, n}’% Yarp ‘{cﬁlﬁﬁsﬁ %P’fprﬁs@élofa FgiG 2 mphoma cel | s
wer e washed 2@ndﬁiﬂ1&igaGn$7Gn1I‘HI Basnpdlﬁﬁpﬁ&nmg&ﬂ@mn@nﬁcaMlﬁlcheinlaﬁl/ nil). Cells
were then resuspended af 2.22 mllion cells/nml jn PBS 1% BSA, 0.01%

NaN3, and 180Mlocahizrdyiathe Grl&elei lpsalizatiqndoniaip, HIS%%%QSH@HQN%PWE%ns (0, 0.1,
0.3, 1, 3, 10comfled¥imtdnnafy dikSatinaRe (d eales&@mkzll%sgkamngmgered

nonocl onal antij bodi es were added to the ji cells and incubated at 4C for

3(6 6n (final béiq“@vzrdﬁlé@mtp&qw-tzpmﬁmdﬁe ol Pl AT I fsipraleadst wo washes,
20

of 1 UOELSE GlcReabsS i Bis@am@nBh %c@%té&gﬁi@&s&(eﬂbh%@lcﬂﬁﬁfcnﬁé@“ - human 1gG
(Jackson hnmunoReasear ch, West G ove, PA) was added to the cells and

i ncubat ed at &ompae EOPIRPPIHonF eferealnwithménol 166 E810ei®26ramd U98bnded in 0.5

relative to the total, between Figs. 2 and 3). The synthesis of bisected, non-
fucosylated and bisected, hybrid structures results from the competition, for
GnTl-modified oligosaccharide substrates, between the recombinant GnTIII-
catalytic domain and (i) the endogenous core, al,6-fucosyltransferase, (it) Golgi
o-mannosidase II (Manil) and A(iii) GnTIl, since once an oligosaccharide is
modified with a bisecting GlcNAc added via a GnTII-catalyzed reaction, these
three other enzymes can no longer act to modify the bisected oligosaccharides.
Therefore blocking action of Manll by addition of the bisecting GlcNAc also
effectively blocks GnTIl, since GnTT! acts downstream of Manll in the N-linked
oligosacchartde biosynthetic pathway. The peaks at m/z 1664 and 1826 are non-
- fucosylated, whereas the peaks at m/z 1810 and 1973 are fucosylated. EndoH
glycosidase digestion, which can distinguish between hybrid and complex
oligosaccharides (Fig. 8A), was used to confirm that the increase in these peaks is
due to an increase in the proportion of Fc-attached bisected, non-fucosylated and
bisected, hybrid oligosaccharides (see below).

[0249] In contrast to the other GnTIH activity-encoding nucleic acids used here,
engineering of the antibody-producing cells by expression of a nucleic acid
encoding a ManII-GnTIII fusion polypeptide (SEQ ID NO: 14}, where the GaTII
catalytic domain is localized via the Manll Golgi localization domain, leads
mainly to bisected, non-fucosylated and bisected, hybrid structures (note peaks at



n PBS, 0.1 %BSA, 0.01 % NaN3 and the fluorescence intensity referring to
the -91- bound anti body variants was determ ned on a FACSCal i bur (BD

Bi osci ence, San Jose, CA) for living cells. 11. Conpl enent dependent
cytotoxicity assay [02431 Target cells were counted, washed w th PBS,
resuspended in AIMV (Invitrogen) at 1 mllion cells per m. 50 si cells
were plated per well in a flat bottom96 well plate. Antibody dilutions
were prepared in AIMV and added in 20 .sl to the cells. Antibodies were
allowed to bind to the cells for 10 Tfnutes at roomtenperature. Human
serum conpl enent (Quidel) was freshly thawed, diluted 3-fold with AIMV and
added in 50 | to the wells. Rabbit conpl enent (Cedarl ane Laboratories) was

prepared as de4dpPbEdlOplB20eed KRR &g bF cFherefire.elatve 1o theovidd-Pe h Al MV and
added T 50 | G ig k| ARTRT SARATSho ISP 19)SQULASR, wer @ heat od

for 30 mn at 56C before addition to the assay. [02441 say plates were
i ncubat ed f orGEHIfesi@ings mitire plfiniguiah theshitbesisad Fo-ddachedbisasttdmpnneasuri ng LDH
rel ease. Bri . . { for.3 mn. 50 1
super nat ant Sgéé&é%%'lte&gnv\@!rngécﬁﬁh s?[ gro gg%%%%%%oéhﬁﬁé}%%ﬁ(pp angognd 50 Al of

t he assay r eggekstwifhrminof heo4@pd 8 Idxelatiteyto HiettotdlRetteen Figere 3 amtidjed. A ki netic

measur enent w,th the. ELI eader determ t he Vmax., correspondi ng with

UBrr concent r e greebiophar s HERE: st Sl e - PerepBiarE B GE of mi nad by

i ncubat i ng t Heong ke leSpresgiop e e Aceleio heids edding wildityle GADII, BesGdtls and

Di scussion [Q d yco i heer rsions of an anti-CD2 inmeric 1gd

ant i body (Czéglﬁﬁpﬁ%‘rap‘g&gw@ﬁb@&ﬂ S?BWRB“’&%“"F?%’%&%%?% re produced by

co- transf ectrbdpeetivelyt Mo bRecdédvigtsaichaitec @it Setottedin e@ingsdsiel gloneXpr essi on of

anti body genes. and_ w th vectors for expression of genes encodi ng various
| ypept i des “MReReRAH Y -activity. An unnodified (non-glycoengi neer ed)
rsion mhshe sammcraasihy BRAypaTon AR TRNI-MTIN anRshaehdtae: wapaal i an cells

only with the vector for 3$1Qt1i boq%/ gene expression. The transfected cells

I

were kept in BppadyPEedERe ehloturiticn pgeasss irsthe prprotign eEbsEtedd, reconbi nant
anti bodi es WajoB-fiRiek 1tk Bl fokRBhAriags. Tb WiE Gerl®irsitd BY ekpredsRiinA affinity

chromat ography. Expression of genes .
ManTI-GnTII constrict from a vector (pETR1519) with an OnP for episomal
replication in transfected HEK293-EBNA cells. This expression system is
Imown to lead to high levels of expression, and was also used for expression of
the antibody genes from vector pETR1520. The oligosaccharide profile from the
purified, unmodified (non-glycoengineered) antibody expressed at high levels in
this system is shown in Figure 5, which again shows the typical oligosaccharide
profile with non-bisected, fucosylated oligosaccharide peaks having 0, 1 and 2
galactose residues (e.g., compare Figs. 1 and 5 showing the similar
oligosaccharide profiles of the unmodified antibody expressed in BHK cells or at

(g ) higher levels in HEK293-EBNA cells). Engineering the antibody producing cells
with the nucleic acid encoding the ManII-GnTTH fusion expressed at higher
levels in this system led to the production of antibodies where the majority of the
Fc-oligosaccharides were bisected, non-fucosylated (see Figure 6, where
bisected, non-fucosylated hybrid oligosaccharide peaks at m/z 1664 and 1826
together constitute over 90% of the total oligosaccharides).

[0251]} As mentioned above, endoglycosidase H (EndoH) was used to confirm
the assignment of bisected non-fucosylated and bisected, hybrid structures to the
different oligosaccharide peaks observed in the MALDI profiles. The
MALDITOF-MS neutral oligosaccharide profiles of PNGaseF- and of



-92- encodi ng pol ypeptides with G1TlIl activity did not have any significant
effect on cell viability, cell growh or antibody production, relative to
cells not producing such polypeptides. [02461 The purified anti bodi es were
t hen anal yzed for their glycosylation patterns. These antibodies carry
N-Iinked oligosaccharides attached only to Asn297 residue of the human |gQd
Fc region. The oligosaccharides were enzynmatically renpoved from anti bodi es
by PNGaseF di gestion and were subsequently analyzed by MALDI/ TOF MS. Usi ng
this technique, it is possible to def%rnine the fraction of different

ol i gosacchari de species within the total, f original Fc-oligosaccharide
popul ation, and it is also possible to assign structures | to different

peaks in the SPEesefaEpdathdigestdd slysansaderived\zony pe ai-CPDee thiwkric 15G1176-
180(1999)). [ Fi 1 he_mhe i q?azﬁ MALDI / TOF- MBS
profiles fro%@#%g%réggﬁﬁﬁhg Pﬁ%gﬁé g# |%%%§%%§ﬁ%%§?ﬁg g ﬁl%’Rtibody
produced in Biiexpedskisn, afdshswen odlifuse Mhepetakaim;}zfzééiﬁtb@n\bb adsigaedﬁogody .
expression vegtor.. .DETR1502. Figures 2.t0 4 t.he correspondi ng profiles
forthe sane aﬁ“ﬁ bdégg'emplgg’ﬁﬁué’e&m%eyBﬁQ’%@?W@%nSﬁﬁ‘&%‘%ﬁte@M Th™Alicl ei ¢ aci ds
encodi ng pol ypepsildescompldx, ndabldebted. a0k diffetant stribRred Giadw the sdnfe frizgure 2 results
fromthe use of, a nucleic acid ncodi ng wi.l d-fype TM expressed from

vect or pETRllBE@F’%*Fﬁ_EQ ?éﬂﬂ?%mif’f?_ﬁﬁwgiﬁ“ ?lp_%%@%%e qEng the use of a nucleic
acid encqgimng a f ushafigddn/dIeRPNIRseFGalRe Slyds Hith ER@glycbgdagd BUS t he

| ocal i zati on donai n of GnTI fusgq to the G ternm.nal catalytic domain of

GnT1l 1. This BHETaRT NGWEuglass ¢ ibrthemagr peakbripg cshfed EyRTHE 498 toThe profile in

Figure 4 resulied (Figars 1H)eTHe R ddncdcdtéoBliCio Al rhhss BNCOIEINALrRidhé!si on _
pol ypepti de conpri si ng at the N-term_nus the |ocalization domain of Colgi
aGmagmosi das e mERBenef poavgsendo saqngtoleaye fhepompley Spgohesecchagstes-| | . Thi s

f

Si 0N gene WeEerERY BRSRMorl doll V5 1 664 REDRARARed [0RARoh Al y1apodi T i ed
anti body has a typical oligosaccharide profile (Fig. 1), wth peaks at nlz

ratios of 148hybrifdunclediyrssfie Bedeshigosdrs Hetigastionsi th  bi ant ennary,
cor -1 uoqusapt od. Rl L ARFASEAA 1SStk b OoridoncBBffeagal oct ose

resi dues, respectively. Simlar pro es ar or t region:
Atm/z 1810; after EndoH digestion the peak disappeared so the structures can be

assigned to the fucosylated hybrid bisected type. The subtraction of one GlcNAc

and one fucose (from the core a-1,6 fucosylated, reducing-end GlcNAc residue)
residue from the m/z 1810 peak generates a structure of m/z 1460. Atm/z 1502,
disappearance of this peak by EndoH digestion (GlcNAc residue eliminated) and
the appearance of a peak at m/z 1298, demonstrate that the 1502 peak can be
assigned to a non-fucosylated hybrid bisected type. At m/z 1647, the
disappearance of the peak after EndoH digestion demonstrates that this peak isa
( | fucosylated hybrid bisected structure. The removal of one GlcNAc and one
- fucose residue generates a structure of m/z 1298. The peak at m/z 1826, a non-
fucosylated hybrid bisected type, was digested by EndoH. This generated a
structure with m/z 1622. The peak at m/z 1053 after EndoH digestion can be
assigned to the high mannose type (1257 n/z), digested by EndoH. The peak at
m/z 1689 (complex bisected) was not affected by EndoH digestion, as expected.
In synthesis, from the data obtained in Table 1, we conclude that 88% of the
oligosacchande structures carry a bisecting GlcNAc, 60% of which are non-
_fucosylated hybrid bisected structures, 22% fucosylated hybrid bisected and 6%
fucosylated complex bisscted oligosaccharide structures.



ol i gosacchari des of non-engineered 1gG antibodi es produced in other

standard nammali an,
cells (Lifely,

(Fig. 2),

wWth peaks at m z
bi sected counterparts of the non-bis
peaks found in the unnodified antibo
ant i body- produci ng cells by expression of a nucleic acid

-93- MR et al

i ndustri al

cel |

core- fucosyl at ed,
rati os of 1689, 1851 and 2014 being the

fucosyl at ed ol i gosacchari de
Engi neering of the
encodi ng a

géted,

| i nes such as CHO and nouse nyel ona
G ycobi ol ogy 5:813-822 (1995)).
of the antibody producing cells by expression of wild-type GiT I
mai nly to bisected,

Engi neeri ng
| eads

conpl ex bi antennary ol i gosacchari des

GhTI-GTl T fusion _pol pt. where the 1Tl catalytic domain is
| ocal i zed vi a2Pfid- @ﬁ%?égg?ﬂée¥ﬁgﬁw?¥htlon donmmin, also leads mainly to
bi sected cornfpl e} biantenfpary olfi goSacg¢hari des] (notdg peéaks at]nlz 1689 and
1851 in Fig. [fm3). PevByer Rclzﬁedfy%t Exwpetel 0 Ohevadl |Rdlaivyide A3sifdniedt, | use of a
GnTl - Gn'TM f ugi on || edretures] |t befan i nevzeage imfz bi seeffeed, non-fucpsyl at ed and
bi sected, hyhridistructur shgindlﬂ‘éﬁﬁﬁhﬁnﬁo Hﬁﬂf EpdoHns of peaks with niz of
1664, 1810, J nd 1973 relati b the. to t yeen Flgs. 2 and 3).
The synthe5|<%%$ gﬁ BEFEE| ndn- %ggylatgﬁ an B.segggﬁmmﬂyb id structures
resul ts frompthejconpetitiom; -GnTir--nodr-fred—otigosacchari de substr at es,
bet ween t he regpTRbLPENELSNT! Il - c&g@&ytlclg@na N 13Nd Ned-duc. b38a €Ndogenous
core, al, 6-fUcosybikeansd efase, (iijsoolgi -a- nannosiidiased 71vs) (Manl 1) and
(i) G&TIl, 5|nQEMBm@e a ollg?saccharlde is {nodiflied wwth a bisecting
GlcNAc added Lvia {sPmasT| H ¢at al yzed rpa rtion. these three other enzynmes can
no | onger act di the hi séc ig charid ere ore bl ocki ng
action of I\/B.rl}ér‘?h?f%@é—?étl n of th Z%E ¢ct ?%g dlc % é@d(t;d fectively bl ocks
T}, since|GTli}. mets d mnstréan1of Manl in the N— ol i gosacchari de
bi osynt hetic patﬁmaybehe peaks|at nmfz|1664 and 1824 are non-|fucosyl ated,
whereas the peakg at mz 1810 and 19/3}are fucjsyl atled. EndoH gl ycosi dase
di gestion, whish {Serfuddbdtig ngth sh Between Mebrid #hd |Sowiss- bybrid
ol i gosaccharildes {PiEFigor8A) . was |usE§ t ¢ conflrn1thatb¥%§ﬂ@ﬁﬁkgase in these
peaks is due to Nﬁ‘ %credsé in|the proportlon of Fc-latt ached bi sect ed,
non-fucosyl atret—att UI seg¢ted; |ybl+d ot gosac Hrar+ges J\at“ B | OV\/) . 10249]
In contrast t@sd HEuc0tdkx 4§nTI3I | jactdsy/i ty- ege0di ngs nUedLlsmpREi s used here,
bisected bisected (3%)
1810 |Fuc. hybrid 15 1460 or 1460 60 | Puc. hybrid
bisected bisected (13%)
or 1810 1810 2 and Fuc.
Fuc, complex complex (2%)
1826 |Non-fuc. bybrid 4 1622 1622 7 {Non-fuc. hybrid
bigected bisected (4%)
1851 |Fuc. complex 3 1851 1851 2 Fuc. complex
bisected bisected
{ } B%)
1972 | Fuc. hybrid 3 1622 1622 7 | Fue. hybrid
bisected bisected (3%)

Mass balances (in mol fraction in %):

a) Peaks at m/z 1502 and 1647: 7+ 7% =

peaks generates m/z 1298 (obtained 13% after EndoH)
b) Peaks at m/z 1664 and 1810: 49+ 13 % = 62%. EndoH generates m/z 1460 (obtained
60%)
c) Peaks at m/z 1826 and 1972: 4+ 3%= 7%. EndoH generates m/z 1622 (7%)

Sumimary.

bearing a bisecting

GlcNAc:

Total relative percentage of structures

§8%

Non-fucosylated hybrid bisected: §0%

Fucosylated hybrid

bisected:

Fucosylated complex bisected:

22%
6%

14% (expected). EndoH digestion for both



engi neering of the antibody-producing cells by expression of a nucleic acid
encoding a Manl1-GnTl11 fusion polypeptide (SEQ ID NO 14), where the GiTlI|
catalytic domain is localized via the Manll CGol gi |ocalization donain, |eads
mai nly to bisected, non-fucosyl ated and bi sected, hybrid structures (note
peaks at -94- mlz 1664 1810, 1826 and 1973 in Fig. 4). Therefore, relative
to the wild-type GTlIIl and to the GTlI-GhTlII1 fusion (SEQ I D NCS: 12 and
13), the Manll- GTlIl fusion was nore efficient in the synthesis of
Fc-attached bisected, non- fucosyl ate®-and bi sected, hybrid oligosaccharides
(conpare the proportions of peaks with mlz of 1664 and 1810 relative to the
total between Figs. 2, 3 and 4). The proportions of the bisected,

non- f uco4§2sdj ed FcTle alngsalaml"(irgsdé% re@ shbw i thay boflr the lehd ofXx@wEHESI on of t he
nucl ei ¢ acids _encodin TLI on and the
Manl |- GnTl 11 PREFSSRE \:@qtﬁ‘ %f’ﬁtb%‘%’gfﬁﬁ]zé‘?‘i?dﬂma’f at’éﬁif’dé%%ge tf‘eeé‘géatl vely. No

bi sect ed ol i gegaged ashae o mr@olggmawa thé\cédﬂﬁnﬁkﬁﬂmﬂldﬂﬂdnddﬂibﬂ engi neer ed)
anti body. [0250] Increa3|ng t he expression of the Manll-GaTl I fusion

construct in PhéesacsharidssthyTaieshatieriye rermunanenH-ceigivtindomandeases in the
proportion of 4Ri $@64a0s cdi‘@f[&‘lfg%%ylltﬁs?gasgl {b@con%ﬁ'%ﬂﬁﬁmyﬁgé S was

denonstrated by expressing struct froma vector
(pETR1519) wi mghamxﬂeﬁmﬁﬁﬁn@m@mraitmthlemmmmmhﬂﬂlmbmgﬂ%lsed HEK293- EBNA
cells. This expresslon MidkaMileiea ROl Maled el Lobills LEY S 2

expressi on, and was ardo used Tor exp ress fie anti bo y genes from
vect or pETRI 58@contignt rﬂdutgxosaﬁtbhlamlﬂébpmﬁdlcbmplﬁx audhbiskeed, puosylaiedd, unnodi fi ed
(non- gl ycoeng t r igah is systemis
shomn in Figubgﬁﬁ&g&%mgﬂ gRES%ws Iﬁ&ﬁﬁgm&&mp 5 ﬂ%f?@%ggbgﬁgﬁﬁde profile
\érr non- bi se@fmaha, B. tat:c@%ﬂtaeﬂiotadkngﬂoﬁhblﬁhmmld@)pé@km dpwofiepdidg 1 and 2

a

| aCct ose resjdue e Fig WL m | ar
ol i gosacchari H;1)7ﬁof I ‘fegaél ¥3§E§ma&€dﬁﬁﬁ°§aqﬁﬁ?ﬁsb§’8§ @é@gr@@l n BHK cells
or at higher cdtﬂyﬁ dmiain WHEK2 O3 TIEBMA theeh:A) locdhingHon deihbingletl kemore
ant i bodypr oduc| ceIIs with th ucL i.C i.4._enc di th Manll-GnTl
f usi on expresE@ AT © Wﬁ%ﬁmﬁnrlﬁvﬁﬁ%€¥ %§V§Fé§¥ 6ﬂ&3' g¥§roduction of
anti bodi es V\h@md@s&chmmﬂam&&éteé a8dindt R endogerul GRSACE ARBEIRMsBLSE bi sect ed,

non- flcosylate see Figure 6, where
an GnTI enzymes.

[0255] The higher efficiency of the GnTI-GnTIII fusion, compared to wild-type
GnTIH, for the synthesis of bisected, hybrid and bisected, non-fucosylated
oligosaccharides can be explained by an earlier Golgi distribution, in the cis-to-
trans direction of glycoprotein substrate transport, of GnTI relative to Gn'TII.
The fine Golgl distributions of GnTI and ManIl have been determined previously
by quantitative immunoelectron microscopy (Rabouille, C. et al. J. Cell Sci.

) 108:1617-27 (1995)). Both enzymes co-distribute along the Golgi, being
localized mainly in the medial and trans cisternae of the Golgi stack, with a
higher levels in the medial relative to the trans cisternae. The fine quantitative
spatial distributions of core a.1,6-fucosyltransferase, GnTII and wild-type GnTII
have not yet been determined. The above however does not explain why the
ManII-GnTIII fusion is significantly more efficient than the GnTI-GnTIHI fusion
for the synthesis of bisected, hybrid and bisected, non-fucosylated
oligosaccharides, since both GnTT and ManlI have identical spatial distributions
along the Golgi subcompartments.

[0256] The higher efficiency of the ManiI-GnTIII fusion indicates the existence
of relatively organized funchonal glycosylation reaction subcompartments within



bi sected, non-fucosylated hybrid oligosaccharide peaks at mz 1664 and 1826
toget her constitute over 90% of the total oligosaccharides). [0251] As
ment i oned above, endogl ycosi dase H (EndoH) was used to confirm the

assi gnment of bisected non-fucosyl ated and bi sected, hybrid structures to
the different oligosaccharide peaks observed in the MALDI profiles. The
MALDI JTOF- M5 neutral oligosaccharide profiles of PNGaseF- and of -95-
PNGaseF+EndoH- di gest ed gl ycans derived froman anti-CD20 chineric |1gGlL
anti body, produced by HEK293 cells gF%%oengineered by GaTII1 (M)
overexpression, are shown in Figure 7. The peak at mz 1664 can be assigned
to two different glycans, nanely non-fucosyl ated hybri d-bi sected or non-
fucosyl at ed caphsical woeptinagmenteoll theppedialt fiddraenGolgt ¢isiernas: ddeshow t he same

mz ratio du J4.he. sane. i No Shid Ri 8B). [02521
The di gesti ong%lf%&)t Héﬁ]ﬁﬁléa%@?%?%g%;g&a& ;%Ea;liﬁ%\% {}#@%éé\fl %glggﬁedase H

generat es ne\/\beﬂibveﬂ:tbuxietsnﬂWCiolg;insﬂe‘ghmpkaculqmakghbedeemhiHm&dmtff_om mz 1664 to
resi duc. °As WENePBAEES IO eN AR BRGNP ELt T Rt ype

olhi gosac](c:har i ﬂbfsswou(ljdllbb&bh ﬁé‘a_ﬁfe&or_ﬂﬁef@lmm Ehep&ﬂ#il-aﬁng%sidxiﬁﬁﬂxﬁ_asaiobe asz igned to
t he non-fucosyl ate ri ed type after ogl ycosi dase i gestion.
[0253] O her %‘letgﬁé'c@ﬁ@%/“aﬁtogFﬁ{@%lﬁs‘gflﬁrhg@ ’ioéﬁ??ﬂﬁ‘blr&é? %Bgﬁ’ﬂ bi sect ed
glycans. At #dagehBddiwildtype GnEnaeyhdiogspitansibifcReakhstysBapaar ed so the

structures can be assigned to_the fucosylated hybrid bisected type. The
subtracti on 0?0"2)1?&93@?}&%%5% siperpllSd 1 epustadety wedierg lptto agrenifyofthg f ucosyl at ed,

reduci ng- end GloNAchdasd Bt modi Ribdtheny GOMahd\§n iz e84 pPeak generates a
structure of mz 1460. At _mz 1502, gl sappear ance of this peak by EndoH

di gest | o025 cNAC Pudlpiginsticates thiptaby wefye of the Mankdoglizaian doesin, ofingg peak at n z

1298, denonst fatiRnbhalinkBeentsidBrRk cAAMRRmaAR SF EP o bDodk @AR- f ucosyl at ed
hybrid bi sected type. At mz 1647, the “di sappearance of the peak after

EndoH di gest i 84 e aesmbineteanllGnTHR fusiope aRrepsizes. pangs o leamatshy br i d
bi sected strug sﬂb&q@%‘i&im@ﬁ a%&g%ﬁt%ﬂwg’ i%@%ayhﬁ?ﬁ%@rsr esi due

generates a structure ofmz 1298. The 826, a non- fucosyl ated
hybri d bi sect zahsteypithe praduct pifbe fiistteinjiomtodbe-secari catatytip siteaelotiivedo

diffusion of such product away from the enzymes, is known to occur in other
biosynthetic pathways such as glycolysis and polyketide biosynthesis. GnTI and
Manll have been reported to form “kin oligomers”, at least when relocalizing one
of these enzymes to the endoplasmic reticulum (Nilsson, T. et al. EMBO.J. 13(3).
562-74 (1994)). A pair of charged amino acid residues in each of the stem
regions of these two enzymes was found to be critical for this kin recognition.
The residues in GnTI were of opposite charge to those of Manfl. We have
identified similar residues at equivalent positions of the stem regions ofthe other
- Golgi glycosylation enzymes involved in this part of the N-linked oligosaccharide
biosynthetic pathway, namely core al,6-fucosyltransferase (same charges as
GnTI instead of complementary charges as in the case of Manll), Manl and
GnTII. We have also identified that these residues are conserved across species.
Although it has been suggested that these residues are not essential for
incorporation into the high molecular weight complexes formed by the enzymes
or even for Golgi localization (Opat, A.S. et al. J. Biol. Chem. 275(16):11836-45
(2000)), it is possible that they are involved in a finer pairing of the catalytic
domains during oligosaccharide biosynthesis. Such pairing does not need to be

irreversible, but can be mediated by transient, dynamic interactions between the



structure with mz 1622. The peak at nfz 1053 after EndoH di gestion can be
assigned to the high mannose type (1257 niz), digested by EndoH The peak at
mz 1689 (conplex bisected) was not affected by EndoH di gestion, as

expected. In synthesis, fromthe data obtained in Table 1, we concl ude that
88% of the oligosaccharide structures carry a bisecting GLcNAc, 60% of

whi ch are non- fucosyl ated hybrid bisected structures, 22% fucosyl ated
hybrid bisected and 6% fucosylated cggpl ex bisected ol igosaccharide
structures. -96- Table 1. digosaccharide assignnments niz Possible Relative%
Expect ed Cbserved Rel ative/ Assignrrent structures before rﬂz mz after

EndoH after Endo aft Eend0 g}b 85 6, Hi. npNNose %l 3 11 High
mannose (9% °© S ¥ THr° em”mud%sr ] BYgny 5 rﬁ'flﬁilc hybri d

bi sected or lﬁ%erdatals_,ﬁcff@bn( }%wevédpﬂryfcuﬁmb@tmﬁpbemecﬂf&@nﬁuﬂmhybri d 7 1298
or 1298 13 Fuc brid _ bisected 1647 |se Fuc. conplex 1664
Non- fuc. hybr |Pan‘3‘éé hegPtany (510’6‘6”3&‘3 “ﬁf{/‘ﬁﬁd\" in esréﬁn@’é‘laﬁr 1664 -

bi sect ed (49%81&@@&%3%@1@1“&@8@&5% corrpl ex 3 1689 1689 5 Fuc.
conplex bisected bisected (3 %9 1810 Fuc. hybrid 15 1460 or 1460 60 Fuc.

hybrid bi04&lt ed bIgBEE Sdlq é%ﬁmoettratfslfew@si@n@b%ﬂieméeﬂt cellular

cytotoxicity (ADCC) resulting from overexpression in the antibody-producing
cells of a nucleic acid encoding a polypeptide with GnTIII activity that is
localized to the Golgi via different localization domains. Increased ADCC
resulting from expression of recombinant polypeptide with GnTIII activity and
(,, ) localized to the Golgi via the GnT1 Golgi localization domain is shown in Fig. 9.
The oligosaccharide profile of the control antibody used for the ADCC assay of
Figure 9 is shown in Fig. 1. The oligosaccharide profile of the glycoenginecred
antibody used for the ADCC assay of Figure 9 is shown in Fig. 3. Increased
ADCC resulting from expression of recombinant polypeptide with GnTII
activity and localized to the Golgi via a glycosidase, ManIl, Golgi localization
domain is shown in Fig. 10. The oligosaccharide profile of the control antibody
used for the ADCC assay of Figure 10 is shown in Fig. 5. The oligosaccharide
profile of the glycoengineered antibody used for the ADCC assay of Figure 10 is
shown in Fig. 6.
[0259] Fig. 11 shows that expression of a recombinant polypeptide with GnTII
activity and localized to the Golgi via a ManlI Golgi localization domain leads to
| increased ADCC activity relative to the use of the wild-type GnTIH polypeptide
(-- ' with its own GnTIII Golgi localization domain. The oligosaccharide profile of the
antibody glycoengineered by expression of wild-type GnTIIl and used for the
ADCC assay of Figure 11, is shown in Fig. 2. The oligosaccharide profile of the
glycoengineered by expression of the fusion polypeptide with GnTIII activity,
localized to the Golgi via the Manll localization domain, and used for the ADCC
assay of Figure 11, is shown in Fig. 4. These data also show that antibodies with '
bisected oligosaccharides, including bisected, hybrid and bisected, nom-
fucosylated oligosaccharides, have increased ADCC activity compared to
antibodies with complex, fiicosylated, non-bisected oligosaccharides. It should
be noted that all of the bisected oligosaccharides of the more active antibody used



Fuc. conplex conplex (2% 1826 Non-fuc. hybrid 4 1622 1622 7 Non-fuc.
hybrid bisected bisected (4% 1851 Fuc. conplex 3 1851 1851 2 Fuc. conpl ex
bi sected bisected (3% 1972 Fuc. hybrid 3 1622 1622 7 Fuc. hybrid bisected
bi sected (3% Mass balances (in nol fractionin %: a) Peaks at mz 1502
and 1647: 7 + 7% = 14% (expected). EndoH digestion for both peaks generates
mz 1298 (obtained 13% after EndoH) b) Peaks atm z 1664 and 1810:49 + 13 % =
62% EndoH generates mz 1460 (obt ai r@& 60% c) Peaks at mz 1826 and 1972:
4+ 3% 7% EndoH generates mz 1622 (*7% Summary. Total rel ative percentage
of structures bearing a bisecting G cNAc: 88% Non-facosyl ated hybrid

bi sected: 60% Fucosyl ated hybrid bisected: 22% Fucosyl ated conpl ex

bi sect ed: 6% i#he [APGE] assme dpBide §atss byl nonrfgewylatedobytiidat both t he

level of Gﬂ'\/bgo@a&ﬁama AANSEnkiBd RAREduSY] RE of B R FolREptle RN that is used
to target the (WTM catalytic domain to the Golgi, i'nflTuence the conpetition
for GnTl - nodi OnEHI achvityosdecelined iathe Golpistaths Menlbletalieation fiemain lsedsbi nant

GnTI I [ -catal yfy ' : . 0 ransf er ase,
(Manl 1) and Gh ﬁ?oqg%ﬁ%@ﬁ#ﬂﬁfﬁ%@@%ﬁ%ﬁﬂg%c@fﬁﬁs %g%dre% it inthis
conpetition, helfipnd showhihgtwmtibddiasetith inaéastd et efitthesapizedtetl, aord bi sect ed,

non- f ucosyl at % ollé acc(r:]G ri.des a%d tgva . m‘; ant ofe uction of the
| evel s of bi sett*&Y’ (E%Orfgllggﬁ? g’ﬁ‘?ﬂéjeﬁﬁ§&fee?f, eflﬂé@g‘&cglf‘%& o}l F’ $3¢thari des. This
was al so not etbwer kweleus thysef digosabibanides ATHeYAIBC Cadiivity indrédedvarrtlatet aL, Nat ur e
ool Lk iR RS e S Syl headh AL g o over el
the Fc-associated oligosaccharide population, and large increases are seen when
(' ) this fraction is higher than 15 to 20%.

[0260] Natural killer (NK) cells are known to be important mediators of ADCC.

These cells carry on their surface the activating Fegamma receptor IITA | also

known as CD16a. Binding of the Fc region, of the target-cell bound antibodies,

to FcgammaRTIIA receptors on NK cells is essential for crosslinking of these

receptors on the NK cell and subsequent induction of ADCC. Therefore it is

important to evaluate the binding of the antibodies produced by the methods

described here to Fc receptors, in particular to receptors in the native form in

which the human immune effector cells display them. Figure 12 demonstrates

that glycoengineered antibodies produced by expression in the antibody

producing cells of a nucleic acid encoding a fusion polypeptide with GnTIII

activity have increased binding affinity to the human activating Fc receptor

FegammaRIMA. As mentioned above for the ADCC assays, these antibodies

have increased leveis of bisected, non-fucosylated oligosaccharides that result

from the expression in the antibody-producing cells of the fusion polypeptide

with GnTII activity. The NK cells used in this assay were from a donor of a

genotype that does not express the FegammmaRIlc receptor on their NK cells

(Metes, D. ef al. J. Immunol. Methods 258(1-2):85-95 (2001)). Therefore the

only Fc receptor on the surface of these cells is the activating FegaramaRITTA

receptor. Fig. 13 shows that the binding assay measures specific binding affinity

to this receptor. This is shown by competition with a FegammaRIII-specific

blocking antibody fragment (3G8 Fab2-fragment).



catal ytic domain via the GiT1 or via the Manll |ocalization domains led to
nore effective conpetition, relative to the wild-type GhaTM for the
GnTl-nodi fied oligosaccharide substrates agai nst the endogenous core

al , 6-fucosyltransferase, Mani and GhTIl enzynes. [0255] The higher
efficiency of the GiTI-G1TlII fusion, conpared to wild-type GnTllI, for the
synthesis of bisected, hybrid and bi sected, non-fucosyl ated

ol i gosacchari des can be explained by an earlier Golgi distribution, in the
cis-to- trans direction of glycoproteldi-substrate transport, of GnTI
relative to G1TlIl. The fine Golgi distributions of GhTl and Manl| have
been determ ned previously by quantitative imunoel ectron m croscopy
(Raboui | | @26¢. et atronglew&éabd ofS6¢ impadt®S eAibhded2iE-RcROB R} JectioBainthenzy mes
co-distribute along he ol belq1 | ocalized mainly in the medi al and
trans cister nZ8gMePHa0 a%‘%héfél%t eERPY Rorass Ty Higrcorelérns fugd ihe nedi al

relative to thﬁnﬁﬁoﬁﬁ%aﬁeﬁsﬁs@ﬂngﬁmlﬂabnﬁw%ﬁlefﬂcaéuu&%eh%%kyg%hs di stributions
of core al, 6-fucosyl transferase, G1T have not yet

been det erni nélégherr#ém@b&@mmﬁéﬂérrem@g mmm@amqm, \ﬂawftqﬁeBlO%nl | -GnTl I
2 Sty o T WL A 1 11

synthesis of bi KYG) non- cos ate
ol i gosacchari desly eshanced @mdﬁlvaﬂponaermtemﬁ iﬂcrdaade)mmmmwcfmol@plant i al

di stributions %ﬁﬁgfﬂﬂ%as%’kﬂi' ac L@%@@ﬁecgﬁm % e h4 gsher efficiency

of the Manl| - usion In exi | Vel y organi zed
functional gl ym@dwﬁb@ﬁommmm@mdmmw bﬁmmm@Sellsl he physi cal

subconpart nent.s tran GoI ci ster call ed
"medi al - Gol gi gcll %{?Cgfegéﬂ(z)ce g nact & Rias aar?gr&Wﬁ'l qll’g believed to
exi st) in the @mbsghmdfﬂghemmgmmMQMcemmmmls,mNQes if the
| ocal’i zati on do |1 o e e part .. of conpl exes,
this woul d be a{uﬂxglog SF%weﬁdﬂg%ﬁﬁFéﬁﬁ%@bxﬁ%&dee Fff ved %ben Expr essi on
of the r ecorrbipﬁmatFoBdEberﬁaﬂdihng sdharisrAl intlviReiMbleds), DAG.ci spl?aﬁzarrent of the
endogenous w | d-t Zy. ny extent significant. . to the synthesis
of Fc-oli gosé:g‘é?%ggg ElZSIEeqnépéﬁ FFAS ﬁf@@dlgﬁé]r)ér ’ed to a
majority oft hQZOOQj)IaﬂcDﬁéb% BibodhRdeplRRdenteIMEHphi RGBS (FakbéaW L and CTI | |
reaction
ons. al. J. Immunol. 161(6):3026-32(1998), Reff, M.E. and Heard, C. Crit Rev Oncol
Hematol. 40(1}:25-35(2001)) and to cytokine release in the vicinity of tumor cells
(Carson, W.E. et al. Eur. J. Immunol. 31:3016-3025(2001)). These cytokines can

in turn lead to direct cytotoxic effects on tumor cells, to anti-angiogenic effects

which inhibit tumor growth bir deprivation of oxygen and nutrients, and to
enhanced tumor antigen presentation as part of an active T-cell mediated immune
response against tumor cells. Dendritic cells are crucial for antigen presentation
) to T-cells, and cross-linking of FcgammaRIIIA on their surface (e.g., from
antibody-bound, dying tumor cells initially attacked in vive via ADCC) can lead
to enhanced dendritic cell maturation, antigen uptake and presentation to T-cells,
and cross-priming of cytotoxic T-cells, the later being a potentially very efficient
mechanism to activate anti-tumor immunity (Amigorena S., J. Exp. Med.
195(1):F1-3 (2002), Kalergis, A.M. and Ravetch, J.V. J Exp. Med
195(12):1653-1659(2002), Selenko, N. e al J Clin. Immunol. 22(3):.124-
130(2002)). Cross-linking of target-cell bound antibodies by Fc receptors on
immune effector cells can also lead to increased direct killing of the target ceils,
for example via apoptosis induced by antibody-mediated cross-linking of the
target-antigen molecules (Reff, M.E. and Heard, C. Crit Rev Oncol Hematol.



/[ [0257] Qur data indicates that, by virtue of the Mani |ocalization domain,
a finer functional pairing occurs between the catal ytic domains of the
endogenous GhTl and the reconbi nant Manll-GnhTlI 1 fusion. Oganized pairings
of enzymes catalyzing subsequent reactions in a biosynthetic pathway, in a
way that favors transfer of the product of the first reaction to the second
catalytic site relative to diffusion of such product away fromthe enzynes,
is known to occur in other biosynthetic pathways such as glycol ysis and

pol yketide biosynthesis. GiTl and Mpfs have been reported to form"kin

ol i goners”, at |east when relocalizing one of these enzynes to the

endopl asmic reticulum (N'lsson, T. et al. EMBQJ. 13(3). 562-74 (1994)). A

pair of charg sl id resjdues.ip, e f t regi pns of these
two enzymes \Aﬁgl)fa%ntﬁgmﬁg)’g:@“gé’r -8":{13- &8?2@(331&%%@5242@@%% " The resi dues
in GnTl vere ise@BRosd dfiRceNRIIGNE etk lisepotiessMaRacti Wkinp Ry@mniaitent i f i ed
simlar residues at equival ent positions of the _stemreglions of the other

Gol gi gl ycosytrHpsiohriase, ikeothe ey efgelisnthe ptizetg FeeagrmaRiB isgresegik ed

ol i gosacchar i fg.hdp s Welikiglitory P RRERIrYand Hcdh Tahila@sy! T ransf erase
(sanme charges as 1Tl instead of conplenentary charges as in the case of

Manlt), Maul fegtor fopations reqgts figiea nakisive batrmpr dfthegetivating ovehiabibitessi dues are
conserved acrgssi.species. Although it has been suggested that these

resi dues are not essential for incorporation into the high nolecul ar weight
conpl exef262r ned Bigurels shorrsthaidhe inereasediie réceptoConding iseddedtive ot thon (Opat, A. S.

et al. J. Biqgl., : - A5, E;%gg;E)Rﬂlt 0 Si bl e that they

are invol ved a!ctﬁvaa%gg%Qﬁgﬁ%ggéﬁ%rﬁ#o?gﬁgﬁ%gﬁ ytic 'd%'kn%fgﬁgc% rllE ng

ol i gosacchar i idpottand iy effdets fimcti@uchripd ot bpgnmioe selsothenthend NKa el

i »re\}/er sible, but.,ca Qoe mediat ed by.transi ent b?ﬂd}am c, . nt egacti ons bet ween
£ erm

t'the £99- enzyaﬁeg}fpl%e r & °¢6ul cggovgﬁd}hﬁ%lﬁrg ESdé‘iL %%natchGYGgr f’)ai ring .
el sewhere in gljmeengieeminghe Batmibptly mgiorgisiap the Mevirdedescilyed heendre i bution to a

Ppeei 1 STIMILL oRPALE BACLCOMANS, 218l Ko, SR LRI oul be.
Figures 9 to Reath@umimigt rgahdtype) patianedbnant fcbovdyy depande ninmoaified| ar .
el s ot . WARETE e ) BB AY U PP R PPt SOSEY | v) 1) Chat |9
' of anti-cancer antibodies (Cartron, G. et al. Blood 99(3).754-8 (2002)).
[0263] The binding domain of the activating FcgammaRTIIB receptor is almost
identical to that of the FcgammaRIITA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to increased effector
functions mediated by effector cells displaying the FogammaRIIIB, such as
polymorphonuclear (PMN) cells, mcluding release of toxic products and
phagocytosis (Reff, M.E. and Heard, C. Crit Rev Oncol Hematol. 40(1):25-35
( (2001), Daeron, FM. Annu. Rev. Immunol. 15:203-34 (1997), Ravetch, J.V. and
Bolland S. Annu. Rev. inmunol. 19:275-90 (2601)). _
[0264] Figure 18 shows the oligosaccharide profile of an anti-CD20 antibody
produced from BHK cells growing in suspension and engineered for constitutive,
high-level expression of both the recombinant antibody and a fusion polypeptide
with GnTIII activity. The oligosaccharide profile shows increased levels of
bisected non-fucosylated and bisected hybrid oligosaccharides for the antibody
from the cells engineered with the fusion GnTIII (see Table 2 also). These
structures are not found in non-glycoengineered antibodies produced by non-

glycoengineered BHK cells (see Fig. 1). The engincered cells expressing the



| ocalized to the Golgi via different |ocalization domains. |Increased ADCC
resulting fromexpression of reconbi nant pol ypeptide with GTlII activity
and localized to the Golgi via the GnhTl CGolgi |ocalization donain is shown
in Fig. 9. ( The oligosaccharide profile of the control antibody used for
the ADCC assay of Figure 9 is shown in Fig. 1. The oligosaccharide profile
of the glycoengi neered antibody used for the ADCC assay of Figure 9 is
shown in Fig. 3. Increased ADCC resultlng from expressi on of reconbi nant
pol ypeptide with GnTI1I activity an3t ocalized to the Colgi via a
gl ycosi dase, Man]l, CGolgi localization domain is shown in Fig. 10. The
ol i gosacchari de profile of the control antibody used for the ADCC assay of
Figure 10 i s Gfftiiwfusion Pkigbite8. nofinel glowyio §meushensiod eand pgaofli dntibody t he
glycoenglneerecg[f._1 ntlbody used forthe ADCC assay of Figure 10 is shown in
Fig. 6 [025@ %b 11 shows that expression of a reconbi nant pol ypepti de
with GnTbeds] acti th IylaaV@et@nag&smmetohgdsE&hﬁlﬂeg&f the glyeveBinddredol Qi
| ocal i zati on do e cre sed |l ative to the use of
the wil d- typé‘m@ a‘f)@oa}f)@botdlu'&e @ﬁ?‘%@(ﬁg@])ﬁ(# H/ @glhﬁ? *f%cal i zati on
domai n. The hggﬁ@ﬁﬁqhaégde profile of the antibody glycoengi neered by
expression of wild-type GhTlIl and used for the ADCC assay of Figure 11, is
shown in Fig. 2. The oligosaccharide profile of the glycoengineered by
expressi on ofrz1ae. ﬁ&&iv@?e@&{té@%?@fﬁxgﬁeﬂ% &ﬂhﬁawmmwl\xs | ocal i zed to the
Gol gi via the ManE | domni n,__and t he ADCC assay of
Figure 11, is shown ifn Fig. 4.]These datla aLso shOM/ihat anti bodies with
bi sect ed ol i gosacchar} _des, inc ugﬁ%@ﬁﬂﬂ SRS PCRPIEFd and bi sect ed, non-
fucosyl at ed ol i gosacchari des, have incregased ADCC activity conpared to
odies with conmpliex_ flucosyl at ¥d7 ngn-hi 2% ed ol i gosacchari des. |t
hould be noted that| all of the bisected oli osacch?rides of the nore
active antibody used }=1002 in the WRFC assay 2$%FEig {10 are bisected,
non-fucosyl ated hybrild oligosfccharideg. As npentioned previously, use of
the fusion pol ypeptide with GhTi11Actilvity 8%d lochlized to the Golgi via
the Manl| |ocalizatidn domain |eads thé more efficient synthesis of the
non- f ucosyl at ed, bi sgctedolig sactfhrides, 223Ace ELgl 11 shows that
antibodies with increasedsleve s of 5hese bI%%Cted non-
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6 1689 4.3%
7 1705 3%
8 1810 27.8%
9 1826 10%
10 1851 7.5%
( 11 1972 9%
12 2012 175 %

Total bisected: 88.6% (4+5+6+7+8+9+10+114+12)
Total non-fucosylated bisected: 37.8% (4+5+7+9)
Total fucosylated bisected: 50.8% (6+8+10+11+12)
Complex bisected: 17% (6+7+10+12)

Hybrd bisected: 71.6% (4+5+8+9+11)

[0266] The oligosaccharide analysis showed that 88.6% of the structures carry a
bisecting GlcNAc residue, 50.8% are fucosylated and 37.8 % are non-
fucosylated. The digestion of the PNGaseF-released oligosaccharide with



fucosyl ated ol i gosaccharides are nore active in ADCC rel ative to antibodies
with |ower |evels of these oligosaccharides. The ADCC activity increases
correlate wth increases in this bisected, non-fucosyl ated ol i gosacchari de
fraction within the Fe-associated oligosaccharide popul ation, and | arge

i ncreases are seen when ( this fraction is higher than 15 to 20% [0260]
Natural killer (NK) cells are known to be inportant nediators of ADCC.
These cells carry on their surface the activating Feganuna receptor |RA,
also known as CDI6a. Binding of thel®e region, of the target-cell bound
anti bodies, to FcgammaRDI A receptors on NK cells is essential for
crosslinking of these receptors on the NK cell and subsequent induction of
ADCC. Ther ef dindoglycasiglasebiisoonsirated that reeshbflilzetpealkis hbtainedhade ofghedfybiche ant i bodi es
produced by th ds.. describe [ Fe.,rnecept i articular to
receptors in bt1 %tg%a %v@l%ofgéi ii#g' \?\%F@ V?st %gre SEM’E“@%TE@%P et%f or cells

di spl ay t hemglfebengireerkd adiénadpsirodicesby thh BHK I J02arsn)i ¢elidinedioal | bodi es

produced by expression in the antjhod r ci Ils of.a.nucleic acid
encodi ng a f&%ﬁﬁ)‘{?ﬁﬂ%%‘f5?5%??8%8%@3%9411‘%‘5“%2‘5ﬁ@%@%%”wsFbased bi ndi ng
affinity to tshgpehuivrnmd athicwatitutige fald @pepiodibboithitgampedy detes s ment i oned

above for the AiHDCC S s, these ant]bodi es have increased | evels of

bi sect ed, nor% ?8’%@?’3 lm@%%%@%&%@%'sﬁ%ﬁmﬁi@ o ¢ h4I3RSHES he expr essi on
in the anti bodibdae3dUGing stakdld ell@hgihdefing MethOdy, 16 LyBRRALIERIng ¥t N CNTI | |
activity. The NK cells used_ in this assay were froma donor of a genotype
that does notPedsplemeuted gither by dnrpdusiayg the fsieademiilaeme meg o oflkling| | s (Met es,
D. et al. J. chinmighe Mab nde> &bl igtodBAnd e @RARYY) kened BRE £6gr € the only Fe

receptor on the surface of ‘these cells is the activating FcganmaR || A
r€ceptor. Fi dine septaipipaihediuen eriligeredpiere#bsaspemeersdpredidtisreslt i ¢ bi ndi ng
affinity 10 jhBhSyrh§aRRAdGng thEhiftibbdy £ OWITIPNsieR BRRL hiltheAAmbAikR. a

FcganmaRf | - speci'fic” bl ocki ng antibody fragment (3G Fab2-fragnment). -101-
[02611 H0RGAg evi derans-FP20 piibpdp aroducsd e sellsnaginermed ferhighdeelact i ons on the

ymahons pat 1R B R D L homoeygous
hi gher - af f i nianhgloFdiyadriett Gitler Ge the Manll desalitatipredon@ar wagested@lsoder al . Bl ood
complement mediated Iysis (CML), a different effector function that is not

dependent on Fc receptors on immune effector cells. The vast majority of the
oligosaccharnides of this glycoengineered antibody were of bisected hybrid non-

fucosylated type. Reduced CML activity was observed for this anti-CD20

antibody compared to the unmodified antibody (Fig. 21). For some applications

antibodies with increased ADCC but with reduced CML may be desirable, for

example to reduce side effects, such as vasculitis in the blood vessels at the tumor

site, mediated by CML. Other significant CML-mediated side-effects have been

observed for anti-CD20 antibody therapy (van der Kolk L.E. et al Br J

Haematol. 115(4):807-11 (2001)). However, the oligosaccharide profiles above

also show that is also possible to engineer the antibody producing celis to express

the GnTIII fusion polypeptide at an intermediate expression level that leads to

intermediate levels of bisected hybrid non-fucosylated oligosaccharides (higher

than 15%), but with a significant fraction of complex oligosacchandes within the

Fc oligosaccharide population of the glycoengineered antibody. Such complex
oligosacchaﬁdés ‘are associated with normal, not reduced, levels of CML.

Therefore the data indicates that antibodies with increased ADCC can be



99(3):754-8 (2002)). This was the single paraneter found to correlate with a
vastly enhanced objective response rate and i ncreased proportion of

nol ecul ar responses. Increased efficacy due to enhanced FcganunaRI | 1A-Fc
interactions can be derived fromthe functions carried out by various types
of immune cells, including natural killer (NK) cells, macrophages,
nonocytes and dendritic cells. Crosslinling ofthe activating FcganmaRI |1 A
receptor on NK cells, nacrophages and nonocytes can |lead to tunor cell

| ysis by ADCC (wi dely believed to be-1ohe prinme FcR-dependent killing
mechani smin vivo) (Ml oney, DG et al. Semin. Oncol. 29(1 Suppl. 2):2-9
(2002), Amgorena S., J Exp. Med. 195(1):FI -3 (2002)) and also to

anti body- depegﬂﬁﬁl:t,edﬁ?&ﬂslﬂa?rmﬂﬁ@a&ﬁ&ﬂc!ﬁﬁhﬁin(vb@%ﬁﬁh@&vel%#cmtacﬁﬁﬂy- J. I'mmunol .
161(6):3026-32(1998), Reff, ME. and Heard, C. CritRev Oncol "Hematol.

40( 1) : 25- 35( 20¢MDareddn gor-gngRacerianEodigh-ease in the vicinity of tunor cells
(Carson. (Widey et Ak sccbtd chirherid I AoaR 1o30 1o ROZH! 2000 dmap TS® CY1 OK nES
can in turnlead to direct cytotoxic effects on tunmor cells, to anti-angio
geni c ef f ect srecoguiizsh thahhwhan tepidomalr gowth Mactadepacenion i(BAFBY wesygen and
nutrients, an : d gt u t nesentati apt of an active
T-cell nedi at gg@ﬁﬁg%@%&%ngéhgg%idﬁ%?{}?dar%%%‘ ce %'S%De%%’c‘fjrgi ghltec cells are
cruci al for anligogenhgpide pmififcabof thn umbaliffedeeti-EGFRantdbely @285 hidrifitleg  of

FcgammaRI I 1 A on their surface .g., fro nt i.body- baund,. dyi ng tunor cells
ety ar t Sorsaepherdh ARG of i R i 38 M3 R BT 1 el

mat ur ati on, astprgeing apicieaciihshcpihgsaindiat jobpeptitle Fith €nTH] actisingandr 0ss- pri m ng
HGILEE I MR e e

mechani smto ant F- 0 M p. Med.
l@Sgg)SFl-S ( ADAZ) of Kad aﬁmﬁf}ﬁRﬁ\aﬂﬂbo@ndes%llnﬁgtﬁdm tﬂmvglyabenﬁ)ﬁafing‘ved.( )
195(12):1653- 1659( 2002 nko,.N..e_al. J in. . lnunupol. 22(3):124-
130(2002)) . §§é“ﬁnﬁﬁ%%ﬁl§‘§?d%?w&dé‘fg@glﬂ?er‘b%%ﬂ‘?ﬁ%ﬁ?ﬁ%“ﬂhﬂ?’é@ fc receptors on
i mune ef f ect fkregel IAD @ BnPinGRade§ bRk aifiRfy @AGEUatBigR GEceltols 489 Of the

target cells, for exa[’rpl e via apoptosis induced b%/ ant i body- nmedi at ed
cross- | i nki ngPrggemolegplge fory nthepe Ofcaecer et fof aWoRmIRE Heard, C.

Orit Rev OncolisédediBlsloe thdP Zhodl@(kidd 25-iRR€880 bificaby, afhtivd1 9. gt al . Bl ood
101(3):1045-1052 (2003)). & all these imune effector _cells, NY cells

al one possessCTeERpndiag inpaedified (memgliseammineered) version of those antibodies, for
these therapies. Additionally it should be possible to reduce the therapeutic doses

for the glycoengineered antibodies compared to the unmodified ones, and this

would positively impact the economics of antibody production.

EXAMPLE 2

Treatment of Immune-Mediated Thrombocytopenia in a Patient with Chronic
Graft-Versus-Host Disease

[0269] Autoimmune thrombocytopenia in chronic graft-versus-host disease
represents an instance of B-cell dysregulation leading to clinical disease. To treat
immune-mediated thrombocytopenia in a subject with chronic graft-versus-host
disease, an anti-CD20 chimneric monoclonal antibody prepared by the methods of

the present invention and having increased ADCC is administered to the subject

as described in Ratanatharathom, V. et al.,, Ann. Intern. Med. 133(4):275-79

(2000) (the entire contents of which is hereby incorporated by reference).
Specifically, a weekly 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 and decreased levels of platelet-associated antibody.



on their surface. In the other types of cells, the activating
FcgammaRfi spresent together with the inhibitory FcgammaRI | b receptor, and

i nduction of anti-tunor effector functions results froma positive bal ance
of the activating over inhibitory signals. [0262) Figure 15 shows that the
i ncreased Fe receptor binding is selective for the activating receptor
conpared to the inhibitory FcgammaR ||l b. Such selectivity is inportant for
effector functions carried out by i Mmune cells other than NK cells, ( j as
expl ai ned above. Moreover, the increages in binding achi eved by

gl ycoengi neering the Fc anti body region, using the nmethods described here,
are far greater than those observed naturally for the honobzygous

hi gher-affinity FcgammaRI |1 A gengkwReripat i ent s/ donors recei ving standard,
unnodi fied antibody (Fig. 16) and that have already been associated with

i ncreased ef fi cag?ag%ﬁ"t Wﬁfééﬁ%%meﬁ@ﬂdiaﬁédﬁ'%%%‘tﬁ?ux&lﬁ%m @d et al. Blood
99(3):754-8 (2002)). [0263] The Hsmebitiadnetsiai n of the activating

FcgammaRI I I B receptor is alnost identical to that of the FcgammaR | A

Ther ef or 8276he abdmandatmediated oadqniekdcpiresed cdilasplagia) FRGYYI seerazel ant i bodi es
descri bed her | d.effector f I ONs i.ated by
ciscior collPHAEIS H e i e
cells, inclu B , puce iand a spliagoay ef f, :
and Heard, C .&it Rev On oI.HgmatoI. 4%1 :20- 3 200t1 eron, FM Annu.
Rev. | mrunol .Chfg?rfﬂng%%aiw,ymaﬁdcbﬁ, .e\f}?(’%ﬁﬂ%he STPHRE™E Annu.  Rev.
bnmunol . 19: 2aA8 h&6ng iR@Edkyd AD[UA6AHmitiktepad & tHBubbausddstribedin Zgo@acchar i de
profile of an anti,- nt.i roduced fr BHK .cells,growing in
suspensi on and & %ge%%%#)"%é}?gh&?ﬁﬂ%e °°nﬁ3Pn{jrﬂl?lvé’t}§ﬂ ar%)‘?gﬁdé%si on of both
the reconbi nantorpuritedigdyfernee)aSpasifically, palbjeorpitt BIECA whd ditdddiuhd activity. The
and-bi sect ed TRPBG TL BERERNF e rOIBHe AAY Body D kohPhe col |5
engi neer ed W dnfibddyahériis, QibsEtild tredmar witbh@avéndts S@mundfiehgin ist ructures are
not found in non- Ilycoen i neered anti bodj es produced by naon- gl ycoengi neered
BHK cell's (sé@uﬁe% b8 trea tl?@ﬁ%thsrPéB"rrE?ﬁd&%‘F‘F@"éﬁﬁF’é‘%‘ﬂﬁﬂgﬁlﬁ‘éﬂ 103- &Tl 1|
fusi on exhi bifsgeh fegdulihtedbMMaboohipasitbPReNG AR RidsheiBRteN i body

EXAMPLE 4

Materials and Msthods

1. Construction of GalT-fusion expression vectors

L } Vector for constitutive expression of GalT

[0271) For construction of the GalT expression vector, GalT cDNA is amplified
from a ¢cDNA library (Clontech) by PCR. A C-terminal c-myc-epitope tag is
added immediately upsiream of the stop codon of the gene (amino acid sequence:
PEQKLISEEDL) for later, convenient detection of GalT by Western Blots., After
confirmation of the correct sequence of GalT the gene is inserted under control of
the MPSYV promoter and a synthetic rabbit beta-globin polyadenylation signal is
added. The final GalT expression vector also contains a separate puromycin

resistance cassette for selection, with the puromycin resistance gene also under



productivity. (0265] The rel ative percentages of the oligosaccharides of the
gl ycoengi neered nonocl onal anti body produced by the stable BHK-1502-28-11
cell line are presented in Table 2. Table 2: Relative percentages of the
peaks obtai ned by MALDI | TOF-M5. Peak (nilz) Relative percentage 1 1257 2.5%
2 1486 2.8% 3 1647 6% 4 1664 22.30% 5 1680 2.5% 6 1689 4.8% 7 1705 3%
8 1810 27.8 % 9 1826 10% 10 1851 7.5% 11 1972 9% 12 2012 1.75% Tot al

bi sected: 88.6% (4+5+6+7+8+9+10+11+12 Total non-fucosyl at ed bi sect ed:
37.8% (4+5+7+9) Total fucosyl ated bi¥dcted: 50. 8% (6+8+10+11+12) Conpl ex
bi sected: 17% (6+7+10+12) Hybrid bisected: 71.6% (4+5+8+9+11) 102661 The

ol i gosacchari de anal ysis showed that 88.6% of the structures carry a

bi secting GlcNc cerizildaé, the OMBSY aproniotes ognd svetbietisndat®t. getyglabi@ non-

fucosyl at ed. | | f the PNGaseF-rel eased ol igosaccharide with
-104- Endogl y}?)@f%gg%ﬁﬂd‘g%g%strat ed that nost of the peaks obtained are of
the hybrid bisected type (Fig. 19). Fig. 20 shows increased binding

affinity of the laaémeﬁp@fmfc&cscén@aamg%%aumtfaﬂusﬁ%iamm%ﬁﬁ% 1502-28- 11

cell Tine, 0 2R kichlik B 16Gu5A6R Biillin bAGHIRR &d7h on human NK cell's.
Cell lines growmng In
[0272] The construction of this hybrid galactosyliransferase gene is performed,

for example, by overlapping PCR reactions, resulting in the plasmid containing
the GpTI-GalT fusion under control of the MPSV promoter and a puromycin

resistance cassette for selection.

—

Replacement of the amino acids encoding the localization domain of GalT with
the amino acids encoding the localization domain of human mannosidase I

[0273] The construction of the GalT expression vector is performed. The
resulting plasmid contains the hybrid manlI-GalT gene under control of the
MPSYV promoter.

Combimation of the hybrid manlI-GalT fusion gene with the replication origin
oriP from Epstein Barr virus.

[0274] A DNA fragment with oriP is subcloned as described in Example 1 into
the hybrid ManIT-GalT expression vector described above.

)
k\ Combination of the hybrid manIl-GalT fusion gene and a truncated CD4 cell-
surface marker gene

[0275] The expression vector is modified for additional expression of 2 truncated
CD4 cell-surface marker gene. Briefly, the hybrid manIl-GalT fusion gene
expression cassette 1s converted from a monocistronic to a bicistronic expression
cassette by inserting, downstream of the stop codon of the manlI-GalT fusion, a
polio virus IRES element followed by a cDNA encoding a truncated human CD4
protein (comprising the human CD4 leader sequence for secretion followed by

the transmembrane and extracellular domains).



suspension and with constitutive stable expression of both the anti body
genes and the fusion G1TIIIl polypeptide are ideal for |arge-scale
production of therapeutic antibodies. Using standard cell engineering

nmet hods, the glycoengi neering can be inplenented either by introducing the

fusion GhTIIl gene into a cell line containing the antibody genes, or by
i ntroducing the anti body genes into a cell f line containing the fusion
GnTlIIl gene (a "pre-glycoengi neered production cell [|ine"), or by

i ntroduci ng the antibody and G1Tl I -t@si on genes at the sane tine. 10267)
An anti-CD20 anti body produced in cells engineered for high |Ievel expression
of the nucleic acid encoding a fusion polypeptide with GaTIIl activity and
| ocal i zed to the Gol gi Transfedtior oftaahalian cdls iwvith Geiifudaranduniibeiyt est ed al so f or
conpl enent nedi at ed | ysipgestiGdctora di fferent effector function that is not
dependent on Fc receptors on imune effector cells. The vast majority of the

ol i gosacchari of. } | yeoengi neered anti body were of bisected hybrid
non- fucosyl Sﬁfw£mﬁ$¥ § &H CML activity was observed for this anti-CD20
anti body conpared to the unnodified antibody (Fig. 21). For sone

appl i cati ant i I i ] : o5 By 1 agdHG CML may be
desi r abl g%a?}or egﬁp egéatngg?%%ggug?‘ggﬂé@ ect ?,jtarse\llng t{?rgg, vas%u itis in the
bl ood vessel sandtsulishauentiymansiested & deprabiedindotayle CVEor e brdudiognf f i cant

CML- nedi at ed g de- . : \ - .ant i body t herapy

(van der KoIQiig@?ﬁé%ﬁ%%%ﬁga%ﬁh%ﬁgg%?%P&E%¥§%ﬂ%$%ﬂg?%%m§@%%fg). However, the

ol i gosacchar i ate fgyruftiofpe<padssigmanddiesthesioofivioh@l T pelypepde qupesidol e t 0 engi neer

t he anti body pr i | express the GTIIIl fusion polypeptide at an

i ntermedi ate %%%&%&E?%h gﬁeeh?hat | eads to internmediate |evels of bisected
bri d non-fucosyl ated ol i gosaccharides (higher than 159, but with a

ignificant frackli-om Sfamermlmnotdgosaccharides withinthe Fc

ol i gosacchari'de population of the glycoengi neered anti body. Such conpl ex

ol i gosacchari des are associated with normal, not reduced, |evels of CM.

Ther ef or gatne dat @xhﬂﬁh@@l@r%ﬁa i RO LHENM, @:is i irfnsteded eakagdib&DCC can be

-105- produced_in this way which should naintain very simlar |levels of CM.

activity conp&raelt b Hskicemgnstion et eltocnaerersd aniitydisgthesellsdtond chi neri ¢

1 9@ ant i bodyeo-tfadetBotedrh RO MBS orfe@bilAti S expr@@ion and the other of

fusion GalT polypeptide expression, at a ratio of 4:1, respectively. Atday 5 post-

transfection, supernatant is harvested, centrifuged for 5 min at 1200 rpm,
followed by a second centrifugation for 10 min at 4000 rpm and kept at 4°C.

Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a GalT-fusion

[0278] The clone BHK-1502-28, constitutively expressing anti-CD20
monoclonal antibody genes and the neomycin -resistance gene, is transfected with
the expression vector by electroporation. The vector allows for constitutive
expression of the ManlI-GalT gene and a truncated form of human CD4, the
latter TRES-dependently expressed. The vector also contains a puromycin-
resistance gene expression cassette. Puromycin-resistant clones are first selected
to obtain a set of clones that chromosomally integrated the vector DNA. Clones
are then screened for surface expression of truncated CD4 (tCD4), which serves
as a marker for expression leve] of the bicistronic Manll-GalT+CD4 gene
expression unit. Recombinant antibody production of the selected clones is

verified using an ELISA assay.



recogni zes the human epidermal growth factor receptor (EGFR) was

gl ycoengi neered by the nethods descri bed here. Fig. 22 shows the

ol i gosaccharide profiles of the unnodified anti-EG-R anti body C225 and of
the glycoengineered version of the sanme anti body. The | ater was produced in
cells expressing a nucleic acid encoding a fusion polypeptide with GTII|
activity and localized to the Golgi via a Manll | ocalization domain. Fig.
23 shows increased ADCC of the anti-EGFR antibody resulting fromthis

gl ycoengi neering. @ ycoengi neered atf%-bodi es produced by the methods

descri bed here, and having increased ADCC and increased binding affinity to

activating Fc receptors, are promsing nolecules for antibody therapy of
cancer al#’®f aut dfrmfmh@landm%wwdtﬂ%yxmw@ewvﬂmm% i ncreased

efficacy, relati espondi ng unnodi fied (non-gl ycoengi neered)
ver si on of th%%ggeﬁ%%ggf%}g%&;%i these therapies. Additionally it should be

possible to reduce the therapeutic doses for the glycoengi neered anti bodies

conpared to the unnodi biddcRA%H p@Ifaddd of unRHiRgy B&%ﬁ%d;éog ifectegPact the
economi cs of antibody praduetion. EXAMPLE 2 Treatnment” o nmune- Medi at ed

Thrombocytopenia in a Patient wwth Chronic G aft-Versus-Host D sease 10269]
Aut oi nmune t honbocyt openi a in chroni cygr aft-versus-host disease represents

an i nst alfB8%or B- dathe ceps o Bl rellsittansfocted fyithgn eibedy sxpressiongrd® 88e. To treat

i mune- nedi at RrdnBRABOR I APARAY bXbréssivH PERG vk HAITCRAEONEGrdtisd t - ver sus- host
di sease, an anti-CD20 chi neric nonocl onal anti body prepared by the nethods

of the presefetoneshitig supsmgtantashapgstehelics gdugngthrionssctednellsiost ered to the

subj ect as_dgsgrjoBetadsicfinl ANBLiIAdiaE BR e eXpec®ll pRlductivity sevbfal €7 n.  Med.
133(4):275-79 (i%OO) (the entire contents%?mﬂMﬂéﬁfﬁs é?%by i ncor por at ed

by ref er ence)electrapnsafions €15y aredongelexthy sawef testoon of the anti body, 375 ny/ ng
I's adm niggfred t tﬂli\:ecasiual[&l ﬁﬁbgﬁBﬁA“@eﬁgslxm%@% @%ﬁlb&dﬁa{bﬁﬁ apy produces a
B cells al bl 0o e

mar ked depl etion o in the peripher; and creased | evels of
pl at el et - ass CBFPEER VEALT PrEajransicng Wit wapRIression Yoo pivemtaldffugey er e,

| mune- Medi at e‘?tgresﬁéﬁr @ec%%,dﬂlg%lﬂlturé‘ﬂkﬁﬁinaisal@ﬁaced by fresh culture medium
approximately 16 hours post-transfection and the later medium is then harvested
after culturing the transfected cells for a further 120 hours.
[0282] For the stable BHK-1502-28-11 cell line, a culture is seeded at 500,000
cells/ml and supernatant harvested after 4 days of culture.

Antibody purification

[0283] Monoclonal antibody is purified from culture supernatant using two
sequential chromatographic steps, Protein A chromatography and cation

exchange chromatography as described in Example 1.
5. Oligosaccharide Analysis

[0284] Oligosaccharides are enzymatically released from the antibodies by
PNGaseF digestion, with the anfibodies being either immobilized on a PVDF
membrane or in solufion.

{0285]. The resulting digest solution containing the released oligosaccharides are
either prepared directly for MALDI/TOF-MS analysis or are further digested with
EndoH glycosidase prior fo sample preparation for MALDI/TOF-MS analysis.



Henol ytic Anemia [0270] | mmune-nedi ated, acquired pure red cell aplasia
(PRCA) is arare disorder frequently associated wth ot her autoi mmune
phenonena. To treat inmune-nedi ated, acquired pure red cell aplasia in a
subj ect, an anti-CD20 chineric nonoclonal antibody prepared by the nethods
of the present invention and having increased ADCC is adm nistered to the
subj ect as described in Zecca, M et al., Blood 12:3995-97 (1997) (the
entire contents of which are hereby incorporated by reference).
Specifically, a subject with PRCA andiaut oi mmune henolytic anema is given
two doses of antibody, 375 ng/r2, per week. After antibody therapy,
substitutive treatnent with intravenous i munoglobulin is initiated. This
treat nent progue&ioshciiifadcs Rle@bd RPPVDF BefblahSimdnMilRedinifididscant rise in
reticul ocyte count acconpani ed by increased henogl obin | evels. EXAMPLE 4
Mat eri al s~ and 2k elgesacchandp calqasronstnd foranthedfesiysolusian aresrEisdP8n vect or s
Vector for copskdst el ueREXRLESI on of Gal T [02711 For construction of the
Gal T expression vector, Gl'T cDNA is anplified froma cDNA |ibrary
(Cdontech) by PCR A Ctermnal c-nyc-epitope tag is added i medi ately

upstream of t B 5t BHAEIPERMLSH ifbestias BEPN@INRYelaBbIbIHE ARG s forPEQKLI SEEDL)
for later, comens@ninedet&Chied Ofalab@bviatly 85t OfnSetnAb t &)

confirmation g my@pmmg%gwﬂgpgﬂs the gene is 1nserted under
control of the pronoter and a synthetic rabbit beta-globin

pol yadeny, i on sign LS dded.. The fi.pnal GalT expression vector also
cont ai ns [Qﬁtﬂpar at’gh%l]\l’%‘ﬁﬁé‘% e‘f‘éﬁ%"?ﬁ%{‘ﬁe °8 PR SRpTae rdlgféthgftﬁon, with the
puronyci n r esBsdN&esigRaH (BUIQ®. UPs)es desdibéd id Beng@nt rol of the MPSV pronoter
and synthetic rabbit beta-globin polyadenylation signal. Replacenent of

gm' no acids encoding the | ocalization domain of GalT with the am no acids
ncodi ng t he MYJDWPAE-MSn donmami n of the human GaTl. [0272] The construction

of this hybrid gal actosyltransferase gene, is perforned, for exanple, by

overl apping PCR reactions, resulting in the plasm d containin
[0287] Samples containing the enzymatic digests containing the release

oligosaccharides are prepared for and subsequently run on a MALDI/TOF mass

spectrometer as described in Example 1.

6. Cell Preparation and Isolation

[0288] Peripheral blood mononuclear cells (PBMC) are prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Loms, M063178 USA) following
essentially the manufacturer’s instructions and the protocol described in Example
1.

[0289] Human NK cells are isolated from PBMC applying a negative selection

o~

procedure as described in Eﬁca:nple 1.
8. ADCC Assay

[0290] PBMC or NK as effector cells are prepared as described above and
assayed for their ability to mediate cytotoxicity in an Antibody Dependent
Cellular Cytotoxicity (ADCC) Assay as described in Example 1.



t he GhTl - GL1T fusion under control of the MPSV pronoter and a puronycin

resi stance cassette for selection. Replacenent of the am no acids encodi ng
the localization domain of GAlT with the am no acids encoding the

| ocal i zati on domai n of human mannosidase Il. [0273] The construction of the
GalT expression vector is perforned. The resulting plasmd contains the
hybrid manl|-Gal T gene under control of the MPSV pronoter. Conbination of
the hybrid manl|-GalT fusion gene with the replication ori gin oriP from
Epstein Barr virus. [0274] A DNA fraggent with oriP is subcloned as
described in Exanple 1 into the hybrid Mani-Gal T expression vector

descri bed above. Conbination of the hybrid manll-GI1T fusion gene and a

truncated C4 cellg su Eﬁﬁﬁnﬂ@ﬂK% o JB %@kﬂﬁ E vector is
nodi fied for addit%onaﬁggéﬁégﬁﬁ&%§§%s gjkggﬁgé?edﬁq% ce%?ggﬁrface mar ker
gene. Briefly, the hybri Nl - fusion gene expression cassette is
converted froma nonocistronic to a bicistronic expression cassette by

i nserti n{fi2%bwnst rEghisting efeFgammaBBHb an dreskin éolsted | WK callstarfdudeon, a  polio
virus | RES el giegL of RlsbAMBETDY, fcNb SREQH Recimdifddic Bletpduygan DI
protein (conprisihg the human crﬂ eader sequence tor secretion followed by
t he transnenbFzamplahd extracel | ul ar domains). -108- 3. Transfection

of mrammalian cells with Gal T-fusi on- and anti body- expression vectors
Transfection of BHK cells [02761 Exponentially growing cells (viability
90-95 % are cul t Ufed, Chapiraseidgrendend celgtosisiv st v transfected as descri bed
in Exanple 1. For the production of the glycoengi neered anti bodies, the

cells ar -transfected with t | asmi ds, one_for. anti body expression and
The ot nelt: | o masher rarbt Sy Rlra oy phes SR Bom T BBy of 3. 1
r(espgct i vel y. dilltiafasdcesrting o thf metil? 83 et Enpte 1.

Results and Discussion

[0293] Assays are carried out in order to demonstrate the impact of the
expression of genes encoding polypeptides with GalT activity on cell viability,
cell growth or antibody production, relative to cells not producing such
‘polypeptides.

[0294) The purified antibodies are analyzed for their glycosylation patterns by
MALDYTOF-MS as described in Example 1. Using this technique, it is possible
to determine the fraction of different oligosaccharide species within the total,
original Fc-oligosaccharide population, and it is also possible to assign structures

‘ to different peaks in the spectra (Umana, P. et al,, Nature Biotechnol. 17:176-
- 180(1999)).

[0295] The unmodified antibody oligosaccharide profile is determined.
Specifically, it is determined if the engineering of the antibody producing cells
by expression of wild-type GalT leads mainly to galactosylated, core-fucosylated,
complex biantennary oligosaccharides. Itis also detenmined if the engineering of
the antibody-producing cells by expression of a nucleic acid encoding a GnTI-
GalT fusion polypeptide, where the GalT catalytic domain is localized via the
GnTI Golgi localization domain, leads mainly to galactosylated complex
biantennary oligosaccharides relative to the wild-type GalT. If galactosylated,
non-fucosylated and galactosylated, hybrid structures are synthesized, these may



[0277] Exponentially grow ng HEK293-EBNA cells are transfected as descri bed
in Exanple 1. For the production of the glycoengi neered anti bodies, the
cells are co-transfected with two plasm ds, one for antibody expression and
the other of fusion GalT pol ypeptide expression, at a ratio of4:1,
respectively. At day 5 post- transfection, supernatant is harvested,
centrifuged for 5 mn at 1200 rpm followed by a second centrifugation for
10 min at 4000 rpm and kept at 4C. Cg‘ggeration of a stable nmanmalian cel

| i ne expressing a reconbi nant anti - - antibody and a Gal T-fusion [02781
The cl one BHK-1502-28, constitutively expressing anti-CD20 nonocl onal

anti body genes and the neonycjn resista c ene, is transfected wth the
expressi on velEBY HNn BecOmpEERR desHm ether Elypor RIS RFeS Bnst i t ut i ve

expression of lﬁ&l&@&”nﬁaéﬂie@ﬁrxﬁm%ée&bﬁ sb8e 1ORBYRL hupan CD4, the
| atter IRES—dependentIy expressed. The vector also contains a puromnycin-

resi stance gerSéla@S{ftfr@ég‘i@ﬁ%@I@géﬁwedﬁfﬁwww-ﬁ@g|f$qoé)ﬁ¥aﬂéfe€ﬁ%s are first
selected !0 eRiAlinAuGhaRlr AhNFand BATICAE ATVGHIRLL Yo LBEEDNR! €d the vector

DNA. Cl ones are *hen screene ace expre sion of truncated CD4
(tCD4), whi chgsletﬁo‘ée@tedaélgasamm@s for expression level of the bicistronic

the sel ecBiTcl oneaiobafaRtae deuth. unidRSPRAIAR vdPbenRiisle 805 70) O
Transfection amdplsmbﬂ:gcpamhmckasneemdqgvaﬁate (ﬂﬂaélpmpmuessufoﬁ‘n-dtvaEeﬁ is carried
ou, a5, deoct) BEHAIETRL il oL SR AR MR LR o unoc
wi th an aet97hody eXgtsess mned/anttmdetexmmecxf-ﬂhd anifeertigad thd &dtibady-ant i body
CxPT . O Vel bl Uty SPGB PR e PR R e
post transf ecpblgpbphﬂ)epﬂﬁmtmgGﬂ’m chtb]l@tnedmﬁaiﬁ doqligdudd thy Mayll Goggleral F
CLeobhORon | BRRub bt SRRl STt SR e L oo ©
co- tr ansf ect eguhdtésyRfedekbiids Spedifidabetibfs detemdinaGahdthérUtlBRe to the

wild-type GalT and to the GnTI-GalT fusion, the ManlI-GalT fusion is more

efficient in the synthesis of Fc-attached galactosylated, non-fucosylated and

galactosylated, hybrid oligosaccharides.
[0298] As mentioned above, endoglycosidase H (EndoH)} is used to confirm the

assigmment of galactosylated non-fucosylated and galactosylated, hybrid

structures to the different oligosaccharide peaks observed in the MALDI profiles.

Of the oligosaccharide galactose residues that carry a galactose residue, the

percentages of those structures that are non-fucosylated hybrid structures,

fucosylated hybrid and fucosylated complex oligosaccharide structures are

determined.
[0299] The impact of the level of GalT expression and the particular localization

domain that is used to target the GalT catalytic domain to the Golgi, on the

competition for GnTIl-modified oligosaccharide substrates between the

recombinant GalT-catalytic domain and the endogenous core (J1,6-

fucosyltransferase, ManIl and GnTII enzymes is determuined. The level of

antibody-dependent cellular cytotoxicity (ADCC) resulting from overexpression

in the antibody-producing cells of a nucleic acid encoding a polypeptide with

GalT activity that is localized to the Golgi via different localization domains is

determined.



expression vector, the culture mediumis replaced by fresh culture nedi um
approxi mately 16 hours post-transfection and the later nmediumis then
harvested after culturing the transfected cells for a further 120 hours.
[0282] For the stable BHK-1502-28-11 cell line, a culture is seeded at
500,000 cells/mM and supernatant harvested after 4 days of culture.

Anti body purification [0283] Mnoclonal antibody is purified fromculture
supernatant using two sequential chronmatographic steps, Protein A

chromat ogr aphy and cati on exchange eHBeonat ography as descri bed in Exanple
1. 5. Aigosaccharide Analysis [0284] digosaccharides are enzymatically
rel eased fromthe anti bodies by PNGseF digestion, with the antibodies

bei nlg ei t[log(_m]i rme'It:ié zl_addﬂ@nﬁwﬂ’%themﬂ&mgi?eeﬁfd délﬁbtlﬁi_ﬂdslptddﬁfbﬁ l{yQ§85] , The
resul ting digest solution gontaining the rel eased.oligosaccharides are

ei ther prepar E4PIEPPER A7 2REhodK R “”ggﬁuﬁ/sféﬁ‘écl?’i}%ﬂgﬁcg &2 %Pher di gested

with EndoH ggmer@;iﬁqaw;hmdm lactiv@ty 3@V nBrefNeg BAldalgl @fnifyoH A alahdnT OF- M5
anal ysis. -110- T he_oligosaccharide release nethod for PVDF

menbr ane- i moBFEaERFGIREPEE freasmakitiacg Br Syt RegermaR e ease method for
ant i bodi egagg) SOl Uk} OBy REshsh ARG BuRblipetdhe I8REY bARCeiDdryRpte 1. Use of

Endogl ycosi dase H digestion of PNGaseF-rel eased ol I gosacchari (?es for the
assi gnment of Chybficesyijeansienasss glyaeanginedring dbsmEe regrondd aptaptiadireed, t o

MALDI / TOF- M5 &%é | ahid de peaks [0286] The PNGase rel eased

ol i gosacchari ges @éﬂ%‘%@%ﬁig ntly digested with Endoglycosidase H (EC

3. 2. 1. 96)[03@2] descr ThreeligopacEbeaidp profile of aynbt CO20PartiBedyoedticedSanml es cont ai ni ng

the enzymati ¢ gghg | Qi : ol L 4RSA% i dgs are prepared

for and subsequen?‘ﬁ%s%?%ﬁﬂ ?ld %S%f%ﬁwgﬁ%%g f?srpéé)%:l%r orre’tcﬁelg[ !’fgadescri bed in
anpl e 1. 6. eQetdsiorPpEhmdlr the fegomiinait dngidbdst dnda fifspRPBlypeRtids witeGal' bl ood

ononucl ear C%étlv?ty(ispc%l}é%lin%ﬁ.el“}%rrgﬂ%;eep%rc%ﬁfage% of the oligosaccharides of the

glycoengineered monoclonal antibody produced by the stable BHK-1502-28-11

cell line are also determined.

EXAMPLE 5
Materials and Methods
1. Construction of Manll and GnTII expression vectors

[0303] For construction of the ManlI expression vector, a human mannosidase IT

k ' (SEQ ID NO:17) cDNA was subcloned into an expression vector plasmid
downstream of the MPSV promoter and upstream of a synthetic rabbit beta-

globin polyadenylation signal. For the GnTII expression, an expression vector

plasmid is used with the human GnTII ¢cDNA subcloned downstream of the

human CMV promotet/enhancer and upstream of a bovine growth hormone

polyadenylation signal.



Hi st opaque- 1077 (Sigma Di agnostics Inc., St. Louis, M63178 USA) foll ow ng
essentially the manufacturer's instructions and the protocol described in
Exanple 1. [0289] Human NK cells are isolated from PBMC applying a negative
selection procedure as described in Exanple 1. 8. ADCC Assay [0290] PBMC or
NK as effector cells are prepared as descri bed above and assayed for their
ability to nediate cytotoxicity in an Anti body Dependent Cellular
Cytotoxicity (ADCC) Assay as described in Exanple 1. -111- 9. FcgammaRUJA

bi ndi ng on NK cell's and FcgammaR | b bi%nding on Raji |ynphoma cells [0291]
The binding of FcganunaRII 1A on freshly isolated NK cells and the binding
of Fcgamma. Rl | b on Rajl Iynphona ceIIs is determ ned as described in
Exanple 1. 10 onthination pf 1

the exprpsser Mecturs with dke replication opgin[onid ofram Conpl enent
dependent cytEHjEQIEQQﬂnEssays are performed using antibody dilutions
according to the nethod described in Exanple 1. Results and D scussion
[0293] Ag3sys ar e LoNh ngMBnﬁBnP%Q@&m&&mﬂ%?@ﬁéﬂk@ﬁ@m&ﬁﬁeHHH@Ct of the
expression of genes encoding pol ypeptides with Gall activity on cel
viability, dbtMagHeupmssion vaetel deseiipep elovade %hMaﬂHIeanPSﬁ@ntVGCfé’él | s not
produci ng su ol re anal yzed
for their gl LP?I éﬁ@%ﬁ% I?%ﬁ]tgg?iss%ﬁg%éf&% ﬁg&(ﬂﬂh CI’I ecg in Exanple 1.
Using this téhhﬁhﬁﬁ@?iprﬁismiﬂg’efims@mbed ahaye tregize Ginhd etcpressfoma@ctpbn of different
ol i gosacchari q§l ecies within the total, original Fc-oligosaccharide

popul ati on, is also possible to assign structures to different peaks
in the spectra (Umna, P. et al., Nature Biotechnol. 17:176- 180(1999)).
[0295] The umnodi fr-8@rain Sety20d-gaRAacihari de profile is determ ned.
SEgcifically, it is determned if the engineering of the antibody producing
cells '

[0305] Exponentially growing HEK293-EBNA cells were trapsfected as
described in Example 1. For the production of unmodified antibody “Cwt”, the
cells were transfected with antibody expression vector (pETR1520). For the
production ofthe glycoengineered antibody “Cbrt”, the cells were co-transfected
with two plasmids, one for antibody expression (pETR1520) and another for
fusion GnTII polypeptide expression (pETR1519) at a ratio of 4.1, respectively.
For the production of the giycoengineered antibody “Cm”, the cells were co-
transfected with three plasmids, one for antibody expression (pETR1520), one for
fusion GnTTII polypeptide expression (pETR1519), and one for mannosidase II
expression (pCLF9) at a ratio of 3:1:1, respectively. For the production of the
glycoengineered antibody “Cmg”, the cells are co-transfected with four plasmids,
one for antibody expression (pETR1520), one for fusion GnTIII polypeptide
expression (pPETR1519), one for mannosidase II expression (pCLF9}, and one for
GnTI expression (pGnTIl) at a ratio of 4:0.33:0.33:0.33, respectively.

3. Production and purification of unmodified and glycoengineered antibodies

[6306] The culture medium of the transfected cells above was replaced by fresh
culture medium approximately 16 hours post-transfection and the later medium
was then harvested after culturing the transfected cells for a further 120 hours.
Harvested supernatants were centrifuged for 5 min at 1200 rpm, followed by a
second centrifugation for 10 min at 4000 rpm and kept at 4°C.



by expression of wld-type Gall leads mainly to gal actosyl at ed,
core-fucosyl ated, conplex biantennary oligosaccharides. It is also
determned if the engineering of the antibody-producing cells by expression
of a nucleic acid encoding a G1Tl- Gl T fusion pol ypeptide, where the G1T
catalytic domain is localized via the GITI CGolgi l|ocalization domain, |eads
mai nly to gal act osyl ated conpl ex biantennary oligosaccharides relative to
the wild-type GlT. |If gal actosylated, non-fucosyl ated and gal act osyl at ed,
hybrid structures are synthesized, thgse may -112- result fromthe
conpetition between GalT and ot her glycosyltransferases or glycosidases. It
is expected that once an oligosaccharide is nodified with a gal actose added
via a Gl T- catadydepurifRatdnl on, al, 6-core fucosyltransferase, Golgi

a-mannosi dase Il (Manll) and GaTIl can no longer act to nodify the

gal act osyl ated ol i gosaccharides. [0296] EndoH gl ycosi dase di gesti on, which
canldistwaﬁgish be&meeMnﬂ?mmbdmamdepﬁgﬁﬁhchQMBgﬂ?aﬁﬂgﬁwmﬂgﬁ?ﬁs ust i and
eval uate the proportioon of Fg-attac . gal act osyl at ed, non-fucosyl ated an
galactosylatég?“’?ﬁrgﬁmﬁﬂPﬁﬂgﬁtéﬁﬁ¥?§E§g‘?ﬁfgﬁfm geply rd @HPR i ed out to
determ ne if ckilRnfN@irdieLodritty @ debdiBe@ExBOHNK 1. Hof AMBEdIRGWERLNSS, DY expression
of a nucleic acid encoding a Manl-Gal T fusion polypeptide, where the Gal T
catal ytic dorfaf Fmi-copelitipialsies syslusionrbroppineraphy ey vsing a suprreE2¥dn domai n,

| eads nai n'ycbﬁnﬁﬁh%ﬁk@&dk’ﬁér@ﬁeiaﬂﬁ@aﬁd&ﬁmu%ﬁ%ﬁ%ag@eld%ﬁ&ﬁﬁé” ated, hybrid.
Specifically, it is determ ned whether, relative to the wld-type GalT and
to the GnTI - Caliop *gBanEnsten. fed e Aononmirpotibaslyiperk was caliacted. ef ficient in the
synt hesi s of Fc-attached gal act osyl at ed, non-fucosyl ated and

galactosylat%q, h%.rid IL$0 accharides. (0298] As nentioned above,

gndogl ycosi dase H gﬁﬁﬁ&&ﬁn % to confirmthe assignment of

gal act osyl at ed non-fucosyl ated and gal act osyl ated, hybrid structures to the
differen i gosaggharl . rved.in t ofiles. O the

ol i gosac %@#ide ggﬁgg%%§§”¥§§%§ugg@g%%?ﬂ%5@?§Q§ﬁ§§h§%ﬁﬁg8mféﬁ%due, t he

per cent ages @blutitroisePNGasaE tligestmn ahdescribed imvaspieclosy| at ed hybri d structures,
fucosyl ated hybrid and fucosyl ated conpl ex ol i gosacchari de structures are
det er m ned.

Use of Endoglycosidase H digestion of PNGaseF-released oligosaccharides for
the assi ent of hybrid bisected oligosaccharide structures to MALDY/TOF-MS

neutral oligosaccharide peaks

[0309] The PNGase released oligosaccharides were subsequently digested with
Endoglycosidase H (EC 3.2.1.96) as described in Example 1.

MALDVTOF-MS

( , [0310] Samples containing the enzymatic digests containing the released
7 oligosaccharides were prepared for and subsequently ran on a MATDY/TOF mass

spectrometer as described in Example 1.
5. Cell Preparation and Isolation

[0311] Peripheral blood mononuclear cells (PBMC) were prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Louis, MO63178 USA) following
essentially the manufacturer’s instructions and the protocol described in Example
1.



[0299] The inpact of the level of GalT expression and the particul ar

| ocalization domain that is used to target the GalT catalytic domain to the
Gol gi, on the conpetition for GhTl-nodified oligosaccharide substrates

bet ween the reconbinant GalT-catal ytic domain and the endogenous core "
1,6- fucosyltransferase, Manll and GhTlIl enzynes is determ ned. The |evel of
ant i body- dependent cellular cytotoxicity (ADCC) resulting from
overexpression in the antibody-prodUﬁing cells of a nucleic acid encoding a
pol ypeptide with GalT activity that "' Tocal i zed to the CGol gi via different
| ocalization domains is determned. -113- [03001 It is also determ ned

whet her glycoengineereﬂ,a t.i bodi es produced by expression in the antibody

pr oduci ng cel Ps of N&§ EPEP@lacid encodi ng a fusion polypeptide with GalT
activity have increased binding affinity to the human activating Fc

recept or mraRl ).l A or_ f t he i.nhibit cgammaRI | h. [0301] The Gai T
construct@gaﬁll out'td égkﬁﬁﬁ%ﬁ%$%¢E@ngéMKE@g%WﬁéﬁgﬁgﬁEQSHFB

N1, 6-fucosyl t prinedes asescriftdia@agpraeri ng the Fc region of an antibody and,
consequently, increasing ADCC. [0302] The oligosaccharide profile of an
anti-CD20 anti body produced from BHK cells grow ng in suspension and

engi neered foffl. consDCCusssaye, hi gh-| evel expression of both the reconbi nant
anti body and a fusion polypeptide with GalT activity is determ ned. The

rel ati ve percentages of the oligosaccharides of the glycoengi neered
nmonoc| ondP31dht i bod§BMEGs effastpr bsllstisze prepatsd es BbicibebiRvoRd asayedddrl | ine are

al so det er m ngg. -é@%g L al. [ S ion of Mani
and G1Tl | exp?%gsggﬁyﬁéf?%?g [ %@?& o?pgggg%ﬁggfg%ﬁm% tFQH%EnE expressi on
vect or, a hun&gtotrinity $ABESEAbday af BE@iteDirNBxatiple IcDNA was subcl oned into an
gxpression vector plasmd downstream of the MPSV pronoter and upstream of a
synthetic rabbit beta- globin polyadenylation signal. For the G1Tl|
expression, af expfedamaRlicbingps omNEGelly i s used with the human GnTI1 cDNA
subcl oned downstream of the ' -

[0314] The binding of FcgammaRIIIA on freshly isolated NK cells and the
binding of FegammaRITb was determined as described in Example 1.

9. Complement dependent cytotoxicity assay

[0315] Complement dependent cytotoxicity assays were performed using
antibody dilutions according to the method described in Exarnple 1, with the
following modification for the preparation of the human complement source.
Briefly, normal human serum (NHS) was prepared from blood of heaithy
volunteers. The blood was allowed to clot for one hour and then centrifuged at

//—x

1200 g for 20 min. The cell-free supematant serum was aliquoted and stored at -
80°C. NHS was used at 20% of final assay volume.

Results and Discussion

[0316] Glycoengineered versions of an anti-CD20 chimeric IgGl antibody
(C2B8 chimeric antibody, also known as rituximab) were produced by co-
transfecting cultures of mammalian cells with vectors for expression of antibody
genes and with vectors for expression of genes encoding polypeptides with
GnTHI activity and mannosidasell. An additional glycoengineered antibody



human CW pronot er/ enhancer and upstream of a bovine growth hornone

pol yadenyl ati on signal. -114- Conbi nation of the expression vectors with the
replication origin oriP from Epstein Ban virus. 103041 A DNA fragnent with
ori P was subcl oned as described in Exanple 1 into the Manll expression
vect or described above to give Manil expression vector pCLF9. A DNA
fragment with ori P is subcloned as described in Exanple | into the GiTl|
expression vector described above to give GhTIl expression vector pGTl1.
2. Transfection of HBK293- EBNA cel | s-11G 103051 Exponentially grow ng
HEK293-EBNA cells were transfected as described in Exanple 1. For the
production of unnodified antibody "Cm", the <cells were transfected with
anti body expr @§§b08 aMe filadd by(cpErhR¥EA) culfusk of MANMALAdMRWidVeabrst he

gl ycoengi neered anti body "Cbrt", the cel]s were co-transfected wth two

pl asmi ds, onefof GEPIERHILYRPtaNy 88y apl WHETRAS OYr SRpEEsaABOR& ®or  f usi on
GhTl Il pol ypeﬁkb&ﬁgﬁéﬁﬁ{%ﬁ&és%th(cﬂﬁ"m, Bdnn8sidRLH S0y, 4nd GnTgSpectivel y.
For the production of e gl ycoengi neered anti body Cn%’ the cells were co-
transfected wctiNityhFerelyoanginegsd apfthedy 6¢brEn eells veie eoxtposissedmithPETRI . 520)

one for fusi%p%}ﬂﬂi 0%%?%%‘?28@%?&%“9@%@?28?%%?%@0“ @Rgone for

mannosi dase | expr essi on respectively. For
t he product i opelydeptideeexprgbsjardpBHR Y4 8): Eot giyevérgingsred @tihody ‘e, edls| s ar e

co-transfect e,gervé\nqwfr;&g%}egkggm %%ee 8391%(1]; O%g%"%%%ﬁ%@%%ﬁ%ﬁogn (pETR1520),

one for fusion Xpress one for

mannosi dase | {(pEERpI28.onefor {iysich BT I miyhemide exXppsssioGpF TR 1 B8peebseon (pCG1TI1) at
a ratio of 4:0.33:0. 33. [.es hvely. 3. Production d .purification of
unnodi f i ed anprIéﬁ%%%‘?%&ﬁ%%%’?%ﬂ%ﬁﬁ%@d?%’ZglyTﬁégthi’e Rategdy FOme® i um of ¢ he
tf ansfect ed celll sralvovansfasedr vithafoed playmids,esde for udntibody mokéssionappr oxi mat el y

16 hours post ctipn.and | at er,. pedi um harvested after
cul turing the@f‘aﬁgﬂgoz’(? eé%r@éﬂopgnﬁlﬁ%pogmeﬂ?({é%@msﬂ’ﬁ%@@’oﬂg Vest ed
super nat ant s menesidese T dxpraggiuh (BOLFD, andonafor GADI expessioh GGnTEB dt. by a

Anunmodified (non-glycoengineered) version of the same antibody, “Cwt” was

produced by transfecting mammalian cells only with the vector for antibody gene
expression. The transfected cells were kept in culture for five days and the
secreted, recombinant aptibodies were purified from the culture medium.
Expression of genes encoding polypeptides with GnTIII and ManlT activity did
not have any significant effect on cell viability, cell growth or antibody
production, relative to cells not producing such glycosyltransferase or glycosidase
polypeptides.
[0317] The purified antibodies were then analyzed for their glycosylation
( patterns. These antibodies carry N-linked oligosaccharides attached only to
i Asn297 residue of the human IgGGl Fc region. The oligosaccharides were
enzymatically removed from antibodies by PNGaseF digestion and were
subsequently analyzed by MALDY/TOF-MS. Using this technique, it is possible
to determine the fraction of different oligosaccharide species within the total,
original Fc-oligosaccharide population, and it is also possible to assign structures
to different peaks in the spectra (Umana, P. ef al., Nature Biotechnol. 17:176-
180(1999)).
[0318] Figure 26 shows the neutral oligosaccharide MALDI/TOF-MS profile
from the unmodified, recombinant C2B8 anti-CD20 chimeric [gG1 antibody Cwi.
As for the unmodified antibody previously described in Example 1, Figure 5, Cwt



second centrifugation for 10 mn at 4000 rpm and kept at 4C -115- Anti body
purification [0307] Mnocl onal antibodies were purified fromculture
supernatants using two sequential chromatographic steps, Protein A
chromat ogr aphy and cati on exchange chromat ography as descri bed in Exanple
1. For antibodies cwt7, cbrt5, and cml, an additional size exclusion
chromat ography step using a Superdex 200 colum (Amersham Pharmaci a) and
phosphat e buffer saline was added aftqr the cation exchange step, and the
nononeri c anti body peak was col l ected!® 4. A i gosacchari de Anal ysis [0308]
A i gosaccbarides were enzymatically rel eased fromthe anti bodies in

sol ution by PNGaseF digestion. as described in

IEjExarrpI e 1. Use of
Endogl ycosi dadad #ygicgledigprrhard santhperks 46ud 1P §hBSecivAP refes for  the

assi gnnment of 1Rypr béndi seflshe: OMGO%%&%%d%&tﬁlb&Mﬁeﬁ,s E YL D / TOF- M5
neutral oligosacchaxi de peaks [0309] The Gase rel éased ol i'gosacchari des

wer e subsequertiggracthyedss eeth @ 1-tind Bgalegpspootdudnssrestivels Bnginepros) as
described in . Mﬂﬂ% - - oL ahakRg the
enzymati c diggggggﬁgﬁ%% ﬁnng ‘%ggfé%ggggﬁ%ﬁ%Fﬁgggég%ﬁ%@? gs wer e prepared
for and subsen@Hi fugion polypaptide, MbtPihe TR Meaayticsipmainidoetised vieshadescri bed in

R T e
Di agnosti cs I miere 5 majorityi o, thdBERligo8actiatifies wirk biseaigl, nessentyladd y t he
Ot Y5505, AR RISHRER), SES SRR Lo 115
a negative selachsednno c@tfimmahikiseigmaaen ©f bisedisdchonMudoxdnpd endlbiseéted ADCC Assay
( hybrid structures to the different oligosaccharide peaks observed in the MATDI
profiles.
[0319] Engineering of the antibody-producing cells by co-expression of a nucleic
acid encoding a ManII-GnTTII fusion polypeptide, where the GnTIII catalytic
domain is localized via the ManlIl Golgi localization domain, and a nucleic acid
encoding Manll, led to the production of an antibody (Cm) where the majority of
 the Fe-oligosaccharides were bisected, non-fucosylated complex (see Figure 28).
Engineering of the antibody-producing cells by co-expression of a nucleic acid
encoding a ManlI-GnTIII fusion polypeptide, where the GnTIII catalytic domain
is localized via the Manll Golgi localization domain, a nucleic acid encoding
ManlIl and a nucleic acid encoding GnTIl, leads to the production of an antibody
(Cmg) where the majority of the Fc-oligosaccharides are bisected, non-
fucosylated complex, with a fraction of bisected, non-fucosylated complex Fc-
attached oligosaccharides even higher than that of antibody Cm.
[0320] Figure 29 shows data demonstrating increased amtibody-dependent
cellular cytotoxicity (ADCC) resulting from expression inr the antibody-producing
cells of a nucleic acid encoding a Manfl-GnTII fusion polypeptide, where the
GnTI catalytic domain is localized via the ManIl Golgi localization domain,
where the ManII-GnTIlI-encoding nucleic acid is expressed either on its own
(antibody Chbrt) or co-expressed in the antibody producing cells together with a
nucleic acid encoding ManIl (Cm). Therefore, increasing the level of bisected,
non-fucosylated oligosaccharides of either the hybrid or commplex type in the Fc
region of the glycoengineered antibodies leads to increased ADCC activity.



[03131 PBMC as effector cells were prepared as described above and assayed
for their ability to nmediate cytotoxicity in an Anti body Dependent Cell ul ar
Cytotoxicity (ADCC) Assay as described in Exanple 1. 8. FcgammaRI |1 A bi ndi ng
on NK cells [0314] The binding of FcgammaRII1 A on freshly isolated NK cells
and the binding of FcgammaRI I b was determ ned as described in Exanple 1. 9.
Conpl enent dependent cytotoxicity assay [0315] Conpl enent dependent
cytotoxicity assays were performed using antibody dilutions according to
the method described in Exanple 1, wili% the follow ng nodification for the
preparation of the human conpl enent source. Briefly, normal human serum
(NHS) was prepared from bl ood of healthy volunteers. The bl ood was all owed
to clot fi@2lpbne hNxtvabdler@dR) ednie idovgadbaimpok@®Mediafoorof AMGE.N. The

cell-free supgrnatant serum was _aliguoted. and stored gt - 80C. NHS was used
at 20% of fi niﬁesaégliéf%PB:@E“ ﬁg‘g‘iﬁtﬁga%w&mﬁ%g%%? BGr?e}% - 28y coengi neer ed
versions of aknowitds CDD88 BiRAIAR bf the FofebioR b theealyet-o¢102HR8d eltiboBied,c ant i body,

al so known as, rjtuxi were produced by co- transfecting. cultures of
mamal i an cel osHERPR EPP@Jt?IBPﬂg\ﬁﬁ)? 3 cgrenbit famarrssiRkme ofdhess and with
vectors for epeBifss bR theOK GEINBS RBSQRnD ShaRsod RE RDCEE ST e 1QTI I | activity
and mannosi dasell. An additional gl ycoengi neered antibody -117- version is

al so made by BRRortante PRt e bindingr o homthedioratrpdised BY the mgthadsyect ors  for

expressi on of yaniiadek t_Q?B?&:eﬁrkBQ W Jali MBI Qb Splof in SREPHASS kR iR genes
encodi ng pol ypeptides with GaTl |1 acti vity, mannosi dasell activity, and
GnTI 1 acti vi ¥hch thehugay vavy sfieetreesila dsplotom: Eigue30 demponsitaiger e

co-transfect ' a5 Dicio tbody ; 65 (PETRI 520),
one for fusi gﬁay(g’%%??ﬁnw%%l ypepti %g ﬁe}xpfesgyﬁi{%%%fg}% : FS?P
gl(ycoengi neeresaduging dsBelpf = Tuleic ee legcodingracfugion peluprptiée wethl GRTIR t hr ee

asii ds, . . _ : _ N
GTi 11 pol ypoptot i ctpiesal ¥k AR oAl ] Tt B vo@iffecsll i 8 20
expr essi on ( p@LbeJy prédweing kslls tepathermedr aticlainpiit) enbpding Magll (Cm)cllve s ar e
co-transfect e WLE LWL 2BInRS 1 S hulBCachiPinf PL LRI FRERLESANAN

As mentioned above for the ADCC assays, these antibodies have increased levels

of bisected, non-fucosylated oligosaccharides that result from the expression in
the antibody-producing cells of the fusion polypeptide with GnTIII activity.

[0322] Therefore, increasing the level of bisected, non-fucosylated
oligosaccharides of either the hybrid or complex type in the Fc region of the
glycoengineered antibodies leads to increased ADCC activity. The NK cells used
in this assay were from a donmor of a genotype that does not express the
FcegammaRIIc receptor on their NK cells Metes, D. et al. J Immunol. Methods

(’ 258(1-2):85-95 (2001)). Therefore the only Fc receptor on the surface of these
cells is the activating FogammaRTILA receptor.

[0323] The binding domain of the activating FcgammaRIIIB receptor is almost
identical to that of the FcgammaRITIA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to increased effector
functions mediated by effector cells displaying the FegammaR B, such as
polymorphonuclear (PMN) cells, including release of toxic products and
phagocytosis ((Reff, M.E. and Heard, C. Crit Rev Oncol Hematol. 40(1):25-35
(2001), Daeron, FM. Annu. Rev. Immunol. 15:203-34 (1997), Ravetch, J.V. and
Bolland S. Anmu. Rev. Immunol, 19:275-90 (2001)).



(pETR1520), one for fusion GhTlIIl pol ypeptide expression (pETR1519), one for
mannosi dase ||l expression (pCLF9), and one for G1TlIl expression (pGTIl) at.
An unnodi fied (non-glycoengi neered) version ofthe sane antibody, "Owm" was
produced by transfecting manmalian cells only with the vector for antibody
gene expression. The transfected cells were kept in culture for five days
and the secreted, reconbinant antibodies were purified fromthe culture
medi um  Expression of genes encodi ng pol ypeptides with GhTII1 and Mani
activity did not have any significah20-effect on cell viability, cell growh
or antibody production, relative to cells not producing such

gl ycosyl transferase or glycosidase polypeptides. [0317] The purified

anti bodi pgayere t ham anabiyase amrodpgﬁhﬁcegliry&nssehlgﬁlﬁeéremforéxpp@&ibﬁrnS- These
anti bodies carry N-lIinked oligosaccharides attached only to Asn297 residue
of the human afgr npeieie egid gRoodmeges Sisiogoodipepfite; wids CwEHk activily yrdit i cal | y

renoved 11 omgoiieR! &9 Bl PGS Manfl 05514000 B iRk e itigegpent |y analyzed

byMALDI / TOF- I ng thi chnique, It I's possi ~to determne the
fracti on of diofrplament meiliatyd dwscMide dffeeitetleoipt Rinptiarhthat stk ,  ori gi nal

o difforont BELiERat BBl onfihubl cifndt B, AR MRl P8 Ol cchnol .
17:176- 180( ]c@i@@s)a_):cha{-iﬂ)é&%]lﬁsl—'g’lmerfghﬁet_eé htibedy Were oEbitected hgbridyomacchar i de
VAL TCF VS el S BRI s SRR AR, 20,
descri bed in doxparel e the ufihglifiel difibddytCwilEfurel3dll Bdrypime appliodtiogosacchari de
W th bi ant endaRptEort PresedRRE ™ e (M F0 e SRAPPRCE i th 0. 1. and
e AT P P e e it L v
pol ypep%/i del,O %@@iﬁwy@%ﬁﬁtﬁ%éﬁ%ﬂt @%ﬂﬁ%@éﬂ%@qg@w%&%eﬁ a the Manf
Gol gi | ocal i zabdresd €ermtiTDR®artidod;h treRbPduat iQ@NKEE BB, anki pdy (Cbrt) where
I RO M 2 T O RN M 1T
glycoengineered antibodies with increased ADCC activity and FegammaRII
binding, but without significantly reducing CML activity relative to the
unmodified antibody, as in the case of antibody Cm (Figure 31). Such antibodies
would be desirable for applications where maximal target cell elimination
requires both high ADCC and high complement activation and CML activity.
The oligosaccharide profiles described above show that is possible to engineer
cells to produce antibodies where a majority of the Fc-attached oligosaccharides
are of the bisected, non-fucosylated complex type instead of hybrid type by co-
( expressing the GnTII fusion polypeptide together with a nucleic acid encoding
Manll (antibody Cm) or together with a nucleic acid encoding Manl! and with a
nucleic acid encoding GnTII (antibody Cmg). The glycoengineered antibodies
have increased ADCC activity and increased FcgammaRI binding affinity that
correlates with their increased levels of bisected non-fucosylated
oligosaccharides, while their CML activity increased as the fraction of complex
oligosaccharides increases relative to the fraction of hybrid oligosaccharides.
[0325] This and the previous examples have described the expression of fusion-
polypeptide encoding nucleic acids, where the fusion polypeptide is localized to
the Golgi complex and has a catalytic domain that competes with endogenous

fucosyltransferases for oligosaccharide acceptors previoulsly modified via GnTI-



was used to confirmthe assignment of bisected non-fucosyl ated and bisected,
hybrid structures to the different oligosaccharide peaks observed in the
MALDI profiles. [03191 Engi neering of the antibody-producing cells by
co-expression of a nucleic acid encoding a Manll-G1T]H fusion pol ypepti de,
where the GhTl Il catalytic domain is localized via the Manll CGolg

| ocal i zati on donmain, and a nucleic acid encoding ManE, led to the
production of an antibody (Cm) where the majority of the

Fc-ol i gosacchari des were bisected, ngnifucosyl ated conpl ex (see Figure 28).
Engi neering of the antibody-producing cells by co-expression of a nucleic
acid encoding a Manll-GTlI | fusion polypeptide, where the GhTTII catal ytic
domain is lo ' I &t &ﬁﬁgﬁ ' ' gels) i nucl ei c acid
encodi ng NhnF%agﬁﬁqg%Eﬁgigﬁg acl g@%%’5#ﬁ§ﬁ%%%$%§9¥%agg$%é?? e production
of an ant i bodyost cellghavatinereased devalajob mon-fucofylatéie okgpsaichgilsnc dhisr i des are

bi sected, non C I it t.L,on i sect ed,

non- f ucosyl at 84 @gen%%%(n%% tg] t aé%ﬁss\({)\% 'gosgiggzé%grcfl?e%toﬁeu\#e%hc ?lcl(f&gc’her t han t hat
of anti body Cencoflind2danIFiagdiore GRYH stagatiser dreitha thet eabomes thsidni-pudypepriieeased

anti body-dependent cellular .cytotoxicity . resul t.ing from expression
"t he_ant | bodiPepRBaauRg Rk Fah &t B inkirkeedb AR buhEREL Bish e Rn 1T 1
fusi on pol ypepinyslex inslesd ef hiybeid oladshéchartidrt ahd/thietefddo raing siysthdsecarl | zed via the
Manl | Col gi localization domain, where_the nll-CGnTl11-encodi ng nucl eic
acid is expreSYeWrirpy ’6‘[‘?‘3?5?%1669%01"“("&’#@?5@ ceIPlex oligesacehalsSr essed in t he
ant i body pr odugting tcddoprot dRGirhiRibedh bhllsdot M@ﬁsﬁn?@ﬂa tAncadisgg Manl I (Cn).
Therefore, increasing the | evel of bisected, non-fucosyl ated
oIigosacchariQ@gnﬁﬁmgFEH@ﬂﬁFﬁ@dhybrid or conplex type in the Fe region of
t gl ycoengi neered anti bodies | eads to increased ADCC activity. -119-

[@321] Natural killer (NK) cells are _known to be inportant nedi ators of ADCC.
These cells carry on their surfac }FﬁéP%%inating Fcgamma receptor |1 LA,

al so  known as CDl6a. Bi ndi 9ger&fprdstin f-MagHoRHase0f the target-cell bound
anti bodies, to FcgammaRI kl A receptors on NK cells is essential for
crosslinking of these receptors on the NK cell and subsequent induction of

ADCC. Ther ef of&jdeliad GonihdPOrtant to eval uate the binding of the antibodies
produced by tﬁ@e‘rcret ocggﬁgp

Human a-Mannosidase IT
[0326]) The gene coding for the human o-Mannosidase II ("hManil") (BE.C.
3.2.1.114) (SEQ ID NO:17), under the control of the MPSV promoter, was
cloned in dn expression vector containing the OriP element. The resulting
expression vector pCLF9 is shown in Figure 32A. The expression vectors coding
for the light and heavy chain of the anti-CD20 monoclonal antibody were
( } respectively pETR1842 and pETR1843 (Figures 32B and 32C).

Fusion protein ManIl-GalT

[0327] A fusion protein (SEQ 1D NO:20), consisting of the hManIl CTS and the
catalytic domain of the human p 1,4-galactosyltransferase (M22921, amino acids
126-397) was constructed as described below. The hMantl CTS region was
amplified by PCR from pETR1484 (CF33, GAB252). The catalytic domain of
GalT (amino acids 126-397) was amplified using CF31 and CF35.from
pBlueGalT. The hManll CTS was combined with the catalytic domain of GalT
to obtain a fusion protein controlled by the MPSV promoter (pCLF24). The



described here to Fc receptors, in particular to receptors in the native
formin which the human i nmune effector cells display them Figure 30
denonstrates that gl ycoengi neered anti bodi es produced by expression in the
anti body C producing cells of a nucleic acid encoding a fusion pol ypeptide
with GhTM activity, expressed either on its own (antibody Cort) or
co-expressed in the antibody producing cells together with a nucleic acid
encoding Manll (Cm, have increased binding affinity to the hunman
activating Fc receptor FcgammaRMA. .Agz.nenti oned above for the ADCC assays,
t hese anti bodi es have increased | evels of bisected, non-fucosyl ated

ol i gosaccharides that result fromthe expression in the antibody-producing
celI's of the {#akeRITRhY RERIbtAIR Wold hERRH AT Tﬁ@%énﬁb&ﬁng:i)pégl%]wal:heref ore,

i ncreasing the | evel ©of bisected, non-fucosyla ol1 gosacchari des of
either the hyssaiacest (SEQMRINQ:I6)pe in the Fc region of the gl ycoengineered
anti bodies |l eads to increased ADCC activity. The NK cells used in this
assay were froma donor of a genotype that does not express the FcganmaRI|c
receptor on tHELRERKLSESSAAMPELSEQRATRIG YV AVCALHLGYTILYO Y LAGR DDER

those tells FRorVa aaPoar Ry At SR ROCaRERPR A b na ng
S?W?Lg g; ;heSEmVDSGPGBgSNt@ﬁﬁ?ﬁﬂﬁﬂﬂﬁlSEﬂﬁﬂﬂE@BPLBVGPNH$EﬂﬂMHVDmLS?I to that
glycoengl%egﬁgﬁbéﬁpPﬁﬁghﬁé8&%&3&&%53%ﬁéIQE§§&F§SE&AB$ﬂgﬁﬁ§§E‘ effector
fglncm) ;)nﬁ Ogﬁgm@g@ciwmm memlmwelimmﬁnb@)ﬁmmmiﬂfs Z ﬁgh as
Phagocyt sl o P RePYDRNA I R vk B g R PR B AR 40 1) 25- 35

(¢001), Daer opGHREMNYWIEWGEEMDDIFNILNER GMES B8 BIGREARARISRBYRE ch, J. V. and
Bolland S. Annu. Rev. |InmunoL 19:275-90 2001%% -120- 324 Cbrt an
TMISH NG A

anti-CD20 ant NEORQRTIRMETES YBEYEQHY of the

nucl ei c acid encoding a fusion polypeptlde W th GnTNIact|V|ty and | ocalized
to the Golgi via the Manll |ocalization domain was tested al so for

|
conpl erre[ﬂ3g$ﬂed| at d&ePyfiCal T emamplified it CFE/eF8rpdel st restgatanisdn that is not
dependent on & HESERERRSor WL dATHURE s@hERE WAL bl botrectiielf@ibing®i Ori ty of the

and exchanged in pCLF24 by Fsel/Dralll digestion (pCLF26). The OriP was
added to pCLF24 and pCLF26 to generate respectively pCLF25 and pCLF27
(Figures 33A and 33B).

Expression of a-Mannosidase and ManIl-GalT in HEK 293-EBNA cells

[0329] HEK 293-EBNA cells were transfected with the calcium phosphate

(7 ] method. Briefly, for the transfection of a T150, 15 million cells were seeded 24

hours before transfection in 28 ml DMEM, 10% FCS, 250 pg/ml neomycin and
incubated at 37°C, 5% CO; overnight.

[0330] For each T150 flask to be transfected, a solution of DNA, CaCl; and

water was prepared by mixing 94 g total plasmid vector DNA, 469 pl of a 1M

CaCl; solution, and adding water to a final volume of 938pl. To this solution, 938

ut] of a SOmM HEPES, 280 mM NaCl, 1.5 mM Na,HPO, solution at pH 7.05 was

added and mixed immediately for 10 sec and left to stand at room temperature for

20 sec. The suspension was diluted with 24 ml of DMEM supplemented with 2%

FCS, and added to the T150 in place of the existing medium. The cells were



ol i gosacchari des of this glycoengi neered anti body were of bisected hybrid
non- fucosylated type. Reduced CM. activity was observed for the Cbrt

anti body conpared to the unnodified antibody Cwt (Figure 31). For sone
applications antibodies with increased ADCC but with reduced CM. nmay be
desirable, for exanple to reduce side effects, such as vasculitis in the

bl ood vessels at the tunor site, nediated by CM.. O her significant

CML- nedi at ed si de-effects have been observed for anti-CD20 anti body therapy
(van der Kolk L.E. et al. Br J Haeri@lol. 115(4):807-11 (2001)). However, it
is possible to produce glycoengineered antibodies with increased ADCC
activity and FcganmmaRM bi ndi ng, but wi thout significantly reduci ng CM
activity rel émdubﬁect et 31€, SUnPBodiof ket AAtte BOdwyrsaand the ndedumawes of ant i body Cm
(Figure 31). ch a U e desirable for applications where

maxi mal targe?lJ e?ﬁ' PP&ﬂkﬁ@?%mﬁhJﬂgglres bot h hi gh ADCC and hi gh conpl enent

activatijessignd CMEo@edksiing the. oc~M|aﬂﬁosQiakeg(DISaﬁ“€chQihi élRe-pleodyitagstedescri bed above
show that is possible to_engineer cells to produce antibodi es where a

majority of eﬂepmattbwﬂewereF@%@%@%ﬁ%@‘ﬂ,aﬁﬁb‘iﬂ?’ e BiFatct ed,
non-facosyl ategi el %sbaeﬁeew @%lt ma@hs%p?a&%m%ﬂﬂ@mbme Eflls Gve%press' ng the

Tl 11 fusion pol ypeptide together with a nuclieic acid encoding Manll

(anti body Cr’rim'@ﬁfeqt@gé‘uthelﬁml #2. PHIRI P&} end @ Fahobai roMinPR:land with a

nucl ei c aC|d L9 {ad s tqg%ﬁ-g_ o @ggﬂg@ red antibodies

have |ncrease lg}actlg gmg ?ﬁg¥e§&9%$gb %ﬁhaﬁ%% I'n ?ﬁb affinity that

correl ates vmertf nineit ﬂZQOrmmeﬁaéle‘ded @ﬁeﬁlesondfcmmfedomﬂmmmw@%ﬂ at ed

ol i gosacchargﬂ_& g focCML activity increased as the fraction of
osacc

conplex oli |ncreases relative to the fraction of hybrid
oki gosacchari des. [0325] ThIS and the previous exanpl es have descri bed the

expression o tide enco nucl ei ¢ acids, where the fusion
pol ypepti de TP“I";[% 4 n|°zfe t‘ﬁonoeeefl&aglhggn% ex and has a catal ytic donain

t hat conpetes W th endogenous fucosyl transferases for oligosaccharide
accepto eV|ou i.ed.via GnTl zed.,r ctlons
Reconbi gI ycojgﬁed%‘élioﬁ ﬂ%@&é%ﬂ“&\}‘“&&%ﬁ“&ﬁ@ﬁﬁ%@ t’ﬁ‘g ™l I's have
i ncr eased | evtep sShromato grapiiyneslying figth Rrbieios decheatb ey, to JPuate texanpl e

demonSt r At e e o aribBy ot e cbw amibody praseht it the serum, followed bya 2"

cation exchange chromatography, to buffer exchange the sample to PBS.
Oligosaccharide analysis

PNGaseF digestion

[0333] The monoclonal antibody sample (50 pg) was incubated with N-

( } Glycosidase F (recombinant, Roche, Switzerland) at 0.1 mU/pl. The digestion
was performed in 2mM Tris, pH7.0 buffer for 3 hours at 37°C. The released

neutral oligosaccharides were then incubated at 1 50mM acetic acid for 3 hours at

room temperature., The samples were then desalted with 0.6 mi cation exchange

resin (AGSOW—XS resin, hydrogen form, 100-200 mesh, BioRad, Hercules, CA)

packed into a micro bio-spin chromatography column (BioRad, Hercules, CA).

EndoH digestion

[0334] The PNGaseF released oligosaccharides were digested with
Eadoglycosidase H (EC 3.2.1.96, ROCHE, Switzerland), an enzyme cleaving
between the N-acetylglucosamnine residues of the chitobiose core of N-linked



encodi ng Maull and/or G1TIl together with the above fusion-pol ypeptide
encodi ng nucleic acids, leads to an increase in the biosynthetic flux
towards conplex instead of hybrid oligosaccharides and therefore to the
synthesis of glycoproteins with increased |evels of non-fucosyl ated conpl ex
ol i gosaccharides relative to glycoproteins produced in cells not
co-expressing the Manll- and/or GnTll-encodi ng nucleic acids. C EXAMPLE 6
Over expressi on of a-Mannosi dase Mol ecul ar cl oni ng Hunan a- Mannosi dase |

[ 0326] The gene coding for the human-134-Mannosi dase Il ("hManl1") (E. C
3.2.1.114) (SEQ ID NG 17), under the control of the MPSV pronoter, was
cloned in an expression vector containing the OiP elenent. The resulting
expressi on veeligsadakdridss, | gios o Vetion adrdl Gteaned? AThel BiygX PREISSledd vect ors
coding for the light and heav§m%hain of the anti-CD20 npnocl onal anti body

were respect PREOFIAIRET REsh Inosh dhypRT REYBY 38 #auE L PENETOs EORRIFX3B®F.  Fusi on

protein ManE- @%Ogacggg@zg arbndta§iRRze ot ein (SEQ I D NG 20), consisting of the
hMvanl | CTS and the catalytic dormain of the human (i

1, 4- gal ad¥338)| t r anBreotigesacqhpmies wrere digestedbwisle -4 snU/pblgndeglyyosyiese Bonst r uct ed as

descri bed bel e . S e | k4 from pETR1484
(CF33, GA|325_2§‘\._%”Meﬁé£¥§F J{/![)I e S %ggra%?{%g% 397) was
anplified usi oligo@rgiarideciva@rBiSutfated hh apBbm édBarieTaturs hiel SA M dce@T Bidyas conbi ned

with the catal yitli ORI, R 0. obtai.n a fus ein controlled by
t he MPSV pr orr%‘ia és}lgsf g‘&%ﬂ?%#%ﬁfﬂ@%ﬁ@aﬁﬁ “é %@5%%85 bt &i ned from

pBl ueGal T. Theydyesee faox i #200anestoBidRed Switseudaekkd (BE@mito Ma-16) :
MRLREPLLSGSA. AMPGASL LLV@%/%H%WY AGRDLSR
LPQ.VGVSTPLQ@%N&%‘%@&E &) “%@g@ghpe@s
SI{WDSGPGPASNLTSVPVPHTTAL SLPACPEESPLLVGPM.|I EFNMPVDL

Matrix and sample preparation
[0336] The 2,5-dihydroxybenzoic acid matrix (sDHB) was prepared by
dissolving 2 mg of 2,5-dihydroxybenzoic acid + 0.1 mg of 5-methoxysalicylic
acid in 1 m! of ethanol/10 mM aqueous sodium chloride 1:1 (v/v). 1 pl of

sample was applied to a stainless steel target, and 1 pl of SDHB matrix was

mixed. The samples were air-dried and 0.2 pl ethanol was applied.

MALDVTOF analysis
[0337] The MATDI-TOF mass spectrometer used to acquire the mass spectra

was a Voyager Elite (Perspective Biosystems) equipped with delayed extraction.
The instrument was operated in the reflector mode. Positive ions were accelerated
(_ | to 20kV after 75 ns delay. Five spectra of 40 shots (200 shots) were combined to
obtain the final spectrum. Extemnal calibration using oligosaccharide standards

was nsed for mass assignment of the ions.

Qligosaccharide profile

[0338] The oligosaccharide profile of the anti~-CD20 antibody produced in the
presence of Manll is shown in Figure 34. The oligosaccharides found associated
to the Fc portion of the antibody are complex structures, 48% of which lack the
core fucose. The a-Mannosidase II competes with the core-Fucosyliransferase,

generating 48% of non-fiicosylated oligosaccharide structures. In the absence of



EL VAKQNPNVKMGGRYAPRDCVSPHKVADI PFRNRQEHL KYWLYYLHP

VLQRQQALDYA YVI NQAGDTI FNRAKLLNVGFQEALKDYDYTCFVFSDV

DLI PMNDHNAYRCFSQPRHI SVAMDKFGFSLPYVQYFGGVYSAL SKQQFLT

| NGFPNNYWGWGGEDDDI FNRLVFRGVBI SRPNAVVGRCRM RHSRDKK  NEPNPQRFDRUHTKE

, SDALNSLTYQVLDVQRYPLYTQ TVDI GTPS [0328] The 5 of Gl T was anplified with
CF32/ CF38 and a Fsel restriction site was added in front of the gene. The
sequence was found correct by sequencing and exchanged in pCLF24 by
Fsel/Dralll digestion (pCLF26). The @p$P was added to pCLF24 and pCLF26 to
generate respectively pCLF25 and pCLF27 (Figures 33A and 33B). Expression
of a-Mannosi dase and Manll-Gl T in HEK 293-EBNA cells [0329] HEK 293- EBNA

cells were trar : ] 4 Y. Ofstﬂp% riefly, for

t he transfect?gﬁéggggg%ﬁggg %%&?%ﬁﬁﬁ%#g%ﬁnbe S ﬁk?éﬁggégggyﬁg hours before
transfecti on ¢amg8edrnhyDifEMosileRE FaoShred5Pilptypetntibedy)yci n and i ncubated at
37C, 5% vernight .. [ 0330]., For .each T15 a 0_be trangfected, a

sol ut i on?@9 , Cﬂ]&fﬁlgéﬁff %%Pﬁmg%ﬂﬁ@%m%@"ﬁ %Oﬁ G H§ total plasmd
vect or DNA, @sécﬁfﬂ&f&%nﬁ%&@ﬂ—@ﬂﬁ%aﬁﬂmmgﬁé PRA MRl a final

vol une of 938l . To this solution, 938  pd of a 50mM HEPES, 280 nM NaCl, 1.5

mM Na2HPO4 s oMatasidassdl. pisp i thepagged the depirngprolrin Maniderl T iheamoatdfy for 10 sec

and left to s S5i on was
%@n%@g%a{e%%wsmﬁd@wﬁn&ﬁﬁm%&ﬁmé é&@gﬁ%&%ggm

diluted with suppl enrented w t ded to the T150

in place of tfweosylafedistrigiureerngish inhigh reasnpss siuagares (09312561 44k%andd at 37C, 5%
CO2 for about L i.th 30 Ml DVEM
To06 FCS. [ 0331 P TaP UECS PR Yo SRBE AU RO W AR JOP00AGH, b

cor e- f ucosy| t fuaessiated alsecturemgye foiund @z 1623p Therkfore, the sanple prodyicedined Wit h

PETRL842, pETB%%ﬁe%@@{?é}tﬁﬁigﬁ@éqtﬁg MUIOGAT sﬁc'ng%' dnfoSS th‘ﬁ/% hf’ g@%m For the

fusion protein were transtected w 842,
PETR1843 and fcisFleBdatucquresiti o of 2:2:1 respectively. At day 5
post-transfection, supernatant was harvested, centrifuged for 5 mn at 1200
rpm followed by a second centrifugation for 10 mn at 4000

Biological activity of antibodies produced in the presence of a-Mannsosidase

IT or fusion protein ManII-GalT

[0340} In order to determine the effect of the action of a-Mannosidase II and
ManI-GalT enzyme in the competition of the core-fucosyitransferase, relevant
biological assays were performed. The samples were tested for in vitro antibody-
dependent cellular cytotoxicity (ADCC) and for binding to the CD16 receptor
expressed on the surface of an engineered CHO cell line (CHO-1708-37).

C IgG binding on CHO-1708-37

[0341] The cell line CHO-1708-37 expressed on its surface the FcyRIITA
receptor (CD16) and the y chain of the FeyRI receptor. The expression of the
FoyRIIIA receptor (CD16) was assessed by FACS analysis using the 3G8-FITC
monoclonal antibody (Figure 36). The CHO-1708-37 cells were incubated at 1
Mio/ml in PBS, 0.1% BSA with different antibody variants, at different
concentrations (10, 3, 1, 0.3, 0.1 pg/ml) and in triplicates. The cells were
incubated for 30 min at 4°C and subsequently washed with PBS, 0.1% BSA.
Antibody binding was detected by incubating with 1:200 fluorescein



rpm filtered and kept at 4C. Purification of anti-CD20 nonocl onal anti body
[ 0332] The nonocl onal anti body was purified from30 m of supernatant by two
step chromat ography, involving first a Protein A chromatography, to separate
the nonoclonal antibody fromthe cow anti body present in the serum

foll owed by a cation exchange chromatography, to buffer exchange the sanple
to PBS. digosaccharide anal ysis PNGaseF digestion [0333] The nonocl onal
anti body sanple (50 g) was incubated with N~ / dycosidase F (reconbi nant,
Roche, Switzerland) at 0.1 .U |. Theyglj.gestion was perfornmed in 2nM Tris,
pH7.0 buffer for 3 hours at 37C. The rel eased neutral oligosaccharides were
then incubated at 150mM acetic acid for 3 hours at roomtenperature. The

sanmpl es were | 5t h m ti a (AGBOW X8
resin, hydrog%@?&gﬁg%ﬁ%ﬁgg nwlszg]}’q,zBi%}lé1 ElﬂI'El—igrcu qgé gﬁa%g%ked into a

m cro bi o- spiimmshoRemstaogs dptsy GoteuPd) (B FReodn aHé?CbuTlesﬂuoﬁb%y:ance EndoH

di ges]tl on [8334 TheEPNGa eF r%l ease b @(M g@a% chaa%l)dd%%1 %92%gelsted wth
Endogl ycosi dasé an &h cl eaving

bet ween t he I\Fm&ﬂajab@(Bmamanee lsaslodue’sx)(gﬁuﬂghmmen@bl ose core of N-linked
-124- oligosaccharides, prior to acetic acid treatnent. The enzynme w ||

cl eave oligomannose and nost hybrid type glycans, whereas conpl ex type

ol i gosacchar i Te$olRinengd Witibotydianintzede inkR3ahh thEhedelgi 805 agrhakkdes were
digested with 0.2 mJ/ | Endoglycosydase H in 2mM Tris, pH 7.0. The digestion
is perforned at 37C for 3 hours. The oligosaccharides were incubated 3 hat
room t enper atqyie akild@pe WM acetic acid, and subsequently desalted with 0.6
m cation exchan e reS| n {AGBOWX8 resin, hydrogen form 100-200 nesh,

Bi oRad, Swit 24 Hhto a micro bio- spin chromatography col um
(@oRad, Switzerl and) C Matri x and sanpl e preparation

[0342] The antibody produced in the presence of a-Mannosidase II (Manil)
binds to the FeyRIIA receptor with higher affinity than the wild type antibodies..

In vitro Antibody-Dependent Cellular Cviotoxicity (ADCC)

[0343] Peripheral blood mononuclear cells (PBMC) were prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Louis, MO63178 USA) and:
folowing essentially the manufacturer’s instructions. In brief, venuous blood was

- taken with heparinized syringes from volonteers who were asked to run for 1 min
at full power in order to increase the percentage of natural killer cells (NK) in the
blood. The blood was diluted 1:0.75-1.3 with PBS not containing Ca or Mg and

(‘ , layered on Histopaque-1077. The gradient was centrifuged at 400g for 30 min at
room temperature (RT) without breaks. The interphase contaiming the PBMC was
collected and washed with PBS (50ml per cells from two gradients) and harvested
by centrifugation at 300g for 10 min at RT. After resuspension of the pellet with
PBS the PBMC were counted and washed a second time by centrifugation at
200g for 10 min at RT. The cells were then resuspended in the appropriate
medium for the subsequent procedures.

[0344] The Raji target cells were washed in PBS, counted and resuspended in
DMEM, 10% FCS,1% Glutamax at 1 Mio per ml. To these, 1:100 calcein was
added and cells were incubated for 30 min at 37°C. Celis were then washed in

PBS, counted and resuspended in AIM-V at 0.3 Mio per ml. Of this cell



[ 03361 The 2, 5-di hydroxybenzoic acid matrix (sDHB) was prepared by

di ssolving 2 ng of 2,5-di hydroxybenzoic acid + 0.1 ng of 5-nethoxysalicylic
acid in 1 nil of ethanol/10 mM aqueous sodiumchloride 1:1 (v/v). 1 41 of
sanple was applied to a stainless steel target, and 1 | of sDHB matri x was
m xed. The sanples were air-dried and 0.2 s1 ethanol was applied. MALDI/TOF
anal ysis [03371 The MALDI - TOF nmass spectroneter used to acquire the mass
spectra was a Voyager Elite (Perspective Biosystens) equi pped with del ayed
extraction. The instrunment was operied in the reflector node. Positive
ions were accelerated to 20 kV after 75 ns delay. Five spectra of 40 shots
(200 shots) were conbined to obtain the final spectrum Externa

cal i brati on usspegricd, i1003dovhanddde pei aaldaf dsround dottime dsfvogll paks assi gnnment  of
the ions. Aieosagchari of | [ 033 he ol.i gosaccharide _profile of the
anti - CD20 an#?ﬁgﬂﬁaﬁWﬁﬁggﬁgiFﬁh$§¥’m%ﬁibéﬁdg“Bﬁﬁgﬁwﬁkﬁ§m§ﬁ6ﬁﬁsin Fi gure 34.
The ol i gosacGhakichea td EdS trsa@eth Rk ¢flmid ARITNEBNIC aPOitdctP BelRfwetd1e anti body are
conpl ex structures, 48%of which lack th core fucose. The a- Mannosi dase |

e
conpet es wi t PrePAEd avdascrihed gaspet Fhesdleatords target giiqavas £ A glheadieetpr
non-fucosyl a | e ip g t e -125-
- - Mannosi éas%%l%%%gﬁgﬁ:gggé\gﬁﬁgﬁl?ﬁgs of %Aﬁggoﬁﬁggﬁ&oﬁdgé%e anti body are
conposed onl yeo#elf Tboplyteatas thesbataddond tesrs(@nd 7°¢ it g pemified etomdyhere [ 0339] The

ol i gosacchari de .pr ofd, f anti - ant.| y _produced.in the presence
of the fusi oﬁoﬁ?’g’f‘%ién)"%:ﬁgga‘?f"i“?s ei]ﬂl}%ggﬁ?ﬁez%gd‘ﬁ\- PORE for a-

Mannosi d?se Isdﬂutfi@l Bde fdalea.g:euiﬁgb‘ﬁm@ét cﬁﬁk@vag brS¢s8dd by hebairing thbedideiiGal T, L heh
anount o non- f uco at oli gosac, rji de struct i ncreases. A hig

per cent age oFeqﬁ"‘S -m%ﬁg‘gﬂﬁéﬁq‘?ﬁvﬂﬁ'{‘g‘?%‘gatﬁéﬂgﬁl@tﬁiiﬂi gh mannose structures
(ggz 12563451419 agsbnaddoBslcieaskOvab Messufed Tt wdld Borftsisas vhiategkt sag0ar s, an

a

itional 30% of hyﬁr{’d, non- f,ucosyilll_q%e structures were found (mz 1622).
Therefore, t REELA S OHMIARERRMsHMex regﬁ%’@%‘%ﬁtwn%eﬁéf%@ﬂb‘n protein

Manl |- GalT shemginidk s ok %ey a0y, T1eR Sy 66, esbrehtabé b¥ spifidBi ol ogi cal
activity of antibodies produced in the presence of a-Mannsosi dase
antibody-mediated killing was calculated as follows: ((x — SR)/(MR — SR)}*100,
where x is the mean of Vmax at a specific antibody concentration, SR is the mean
of Vmax of the spontaneous release and MR is the mean of Vmax of the maximal

release.

EXAMPLE 7
Use of Glycoengineered Anti-EGFR Monoclonal Antibody to Treat
Psoriasis
[0346] Human patients with psoriasis can be treated with a glycoengineered anti-
( EGFR monoclonal antibody produced according to the methods of the invention.
In particular, the patient receives weekly infusions of the glycoengineered
antibody at a loading dose of 400mg/m”. Maintenance doses of 250 mg/ m® are

administered on a weekly basis until complete response is achieved.



Il or fusion protein Manll-GlT [0340] In order to determ ne the effect of
the action of a-Mannosidase Il and Mnll-Gl T enzyne in the conpetition of
the core-fucosyltransferase, relevant biological assays were performed. The
sanples were tested for in vitro anti body- dependent cellular cytotoxicity
(ADCC) and for binding to the CD 16 receptor expressed on the surface of an
engi neered CHO cell line (CHO 1708-37). 1gG binding on CHO 1708-37 [03411
The cell line CHO 1708-37 expressed on its surface the FcyRIII A receptor
(CD16) and the y chain of the FcyR -1gseptor. The expression of the

FC7RI 11 A receptor (CD 16) was assessed by FACS anal ysis using the 3&3-FI TC
nonocl onal anti body (Figure 36). The CHO 1708-37 cells were incubated at 1
Mo/m in PBS, 0.1%BSA with diffegxanpiaygi body variants, at different
concentrations (10, 3, 1, 0.3, 0.1 .tg/m) and in triplicates. The cells
were incubated for 30 mn at 4C and subsequently washed wi th PBS, 0.1% BSA

Anti body bi ndmgor\eﬁm ogas&g@ Emm&aﬁdomaal%hoéyﬁ a@%&sce'n - 126-

i sot hi ocyanat g4 %‘,H]g
| mmunoReasear ch, %%yde%a 9% %Qﬂé Hﬂ,%f % uorescence

intensity referrlng to ody varrant & was "det ermi ned on a
FACSCal i bur (BD Bi osci ence, San Jose, CA) gating living cells. The follow ng
ant i body[0347li ant s RheM@bEﬁéisuddﬂlmgthiﬂumaﬁhﬂdﬁqmgclmwaHMt omsS (wld

(e 1) Ve oSO SRR, L PRI 1

hi gher af f i niEyB2 wainothérErbi Fathilyynpnbarithdod ihshiting ihtraceliular sigdulihg body - Dependent

Corlu O st il SBARLPROLBAS Lol 00 MRaRRELS oL, ("BVO

W63178 USA) oaradxpres‘smghﬁmnm@ltessaa&m glokih dfbnofeiatk@ire E®B ligardnst r uct i ons. I n
bri ef, venuou bI ood taken w th heparinized syringes from vol onteers
who were ask ‘ﬁ“ mn at full power in order to increase the

per cent age48yf nat u maglydﬂehglﬁdersaefbh@ of RMAB2C N Brade by the methods of the

present invention can be used as 2 single agent for treatment of hormone-

refractory (androgen independent) prostate cancer patients, metastatic breast
cancer patients, metastatic colorectal cancer patients and patients with stage [Ilb
or IV non-small cell lung cancer. Specifically, the glycoengineered RhuMAb
2C4 1is administered intravenously (IV) weekly or every three weeks at 2 or 4
mg/kg, respectively, until disease progression ceases. The antibody is supplied as
a multi-dose liquid formulation (20 mL fill at a concentration of 20 mg/mL or
higher concentration).
{0349] It will be clear that the invention may be practiced otherwise than as
( ) particularly described in the foregoing description and examples. Numerous
modifications and variations of the present invention are possible in light of the
above teachings and, therefore, are within the scope of the appended claims.
0356} 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.



bl ood. The bl ood was diluted 1:0.75-1.3 with PBS not containing Ca or My and
| ayered on Hi stopaque-1077. The gradient was centrifuged at 400g for 30 mn
at roomtenperature (RT) without breaks. The interphase containing the PBMC
was collected and washed with PBS (50m per cells fromtwo gradients) and
harvested by centrifugation at 300g for 10 mn at RT. After resuspension of
the pellet wwth PBS the PBMC were counted and washed a second tine by.
centrifugation at 200g for 10 mn at.;1ff~. The cells were then resuspended in
the appropriate nediumfor the subsequent procedures. [0344] The Raji '
target cells were washed in PBS, counted and resuspended in DVEM 10%
FCS, .% d ! I ) per m. To these, 1:100 cal cein was added and
cells mrg}}?‘g@ﬁ%%w 30 min at 37C. Cells were then washed in PBS,
counted and resuspended in AAIMV at 0.3 Mo per M. O this cell -127-
suspension, 100 | were added per well of a round bottom 96 well plate.
Ant i bodi es. wer &ndsdlate duelaicAichd vomprihiterla isequsicaubndoding e fusioapdadypedtidear get

cells and,al]owed.tp bind tg.the r s fqr, 10 m,n at . P as effector
cel |'s wer ®hef F’dﬁ‘é{f@{ﬁm&spo&%&"ﬂl%gﬁs @@043-2‘5-&\ gl@F?@&"@ﬂ“@‘ﬁ%ﬁ“g‘ﬂ\%ﬁW 0 was
25: 1. Theoﬁ]ﬁ(l%ée%ctoﬁﬂmg%fsﬁﬁﬁi a@t{i\ﬁﬂﬁﬁrﬁﬂc@rh%ﬂ@s'\ﬁlg ®RLi WealihtdhMohdEdi um and

50 | were added™ per 1. pl atte was ihcubated for 4 hours at 37Cin a
hur ni f i edofa mospirdian Godginesident polyseptider. Cel s were washed twi-ce in PBS and

200 .tl of borate solution were added. Killing of target cells was.
assessedby nmeasuring the calcein released in the mediumafter lysis with
the boratg SO'Mﬁ'iﬁf?téfhﬁ%l@i@acic[ g&%ﬁiingsﬂpéléﬁ?(]?u%héﬁ@?ﬁ@ gsdpiigd from

ease wmnpiisesthe eadalytic domainl ofB(1.dpNtasetylglecosaminyttransferase 8l los Pehd)- 1%
<ton X- 1(PO. P@{ Cée(\r%};saaeqe of specific antibody-nediated killing was
cal cul at o HLOSYBi2R .S"((x - SR/(MR - SR * 100, where x is the nean of
Vmax at a specific antibody concentration, SR is the mean of Vmax of the
spont aneous rel ease and MR is the nean of Vmax ofthe nmaxi mal rel ease.

EXAVPLE 73.Use, 4t i0jated aiefriversidacoarding ERGFRImVER sdietaia baidr{telolopalizativn eat

domain is the localization domain of mammalian mannosidase IT.

g | s containing only target an effector ceflls but no antibodi es. Maxi mal
I

4, An isolated nucleic acid according to claim 3, having the nucleotide sequence
shown in Figure 24 and SEQ ID NO: 14,

5. An isolated nucleic acid according to claim 2, wherein said Golgi localization
domain is the localization domain of mammalian B(l, 2)-N-

acetylglucosaminyltransferase 1.

6. An isolated nucleic acid according to claim 5, having the nucleotide sequence
shown in Figure 25 and SEQ ID NO: 12.

7. An isolated nucleic acid according to claim 2, wherein said Golgi localization
domain is the localization domain of mammalian B(1, 2)-N-

acetylglucosaminyltransferase II.

8. An isolated nucleic acid according to claim 2, wherein said Golgi localization
domain is the localization domain of mammalian mannosidase I.



Psoriasis [0346] Human patients with psoriasis can be treated with a

gl ycoengi neered anti EGFR nonocl onal antibody produced according to the
nmet hods of the invention. |In particular, the patient receives weekly

i nfusi ons of the glycoengi neered antibody at a | oading dose of 400ny/ nk.
Mai nt enance doses of 250 ng/ nR2 are admnistered on a weekly basis until
conpl ete response is achieved. -128- EXAMPLE 8 Use of {d ycoengi neered
Ant i - ErbB2 Monocl onal Antibody in the-iBfeatment of Metastatic Prostate
Cancer, Metastatic Breast Cancer, Mtastatic Colorectal Cancer, and Stage
11Ib or 1V Non-Small Cell Lung Cancer. [0347] RhuMAb2C4 is a full-length,

humani zedonoc t g.}g) i {H st
Er bB2. Rh lr?o Mab %%ggt%)lfiog kﬂs&t e agg S gg#gt g(} ° é:?‘a B@%Ir élﬁtsﬁﬁogﬁ%i ﬁ%r@l g%%fogm |y
menber s t kdemeinyis itlrehliobalizatign domeriacEintanimaliagigipé abtenfycodyitramyfpbasthe Er bB

pat hway. RhuMAb 2C4 not only inhibits the growth of ErbB2 C overexpressing
tunors but also bl ocks growh of tunors that require ErbB Iigand dependent

I 03 hod
o the afdsent o oy BRCRE AR Chol ML e R e P T o

hor mone- . erfades tagsofypeptidi agiap theratttmesitbsetyenps shsWameFlgaﬁaémncpSEQébﬂ\E)
met ast at i ﬁ? br east cancer pat i ent S, netastat ic colorectal cancer pat ients

and patients with stage Mo or 1V non-smal | cell | ung cancer. Specifically,
t he gl ycoengi neered RhuMAb 2C4 is adm nistered intravenously (1V) weekly or
every three weeks at 2 or 4 ng/kg, respectively, until disease progression
ceases. The. anAnh@dl)atedSnfid:le aeld a@sorddngrtd tiaielos eompejging 4 eeqnelnaé igat (20 nL
fill at a concentration. o 0 ng/ m,. or , higher concentratl 349] It
% be cP%%qdewapgl bt R 2P 3R prasence shayvoionld a{E

i cul agjogypsdescri bed in the foregoing description and exarrpl es. Nurrer ous
| nodifications and variations of the present invention are possible in
| ight of the above teachings and, therefore, are within the scope of the
appended ﬂ al mﬁin isolated nucleic acid accordmg to claim 3 comprising a sequence that
hybridizes under strmgent conditions to a hybridization probe the nucleotide -
sequence of which consists of the nucleotide sequence shown in Figure 24 and SEQ [D

NO:14.

13.  An isolated nucleic acid according claim 5 comprising a sequence that

hybridizes under stringent conditions to a hybridization probe the nucleotide

sequence of which consists of the nucleotide sequence shown in Figure 25 and SEQ ID
(( NO:12.

14.  An isolated nucleic acid according to claim 3 comprising a sequence at least 80%
identical to the nucleotide sequence shown in Figure 24 and SEQ ID NO: 14.

15.  An isolated nucleic acid according to claim 5 comprising a sequence at least 80%

identical to the nucleotide sequence shown in Figure 25 and SEQ (D NO: 12.

16.  An isolated nucleic acid according to claim 3 comprising a sequence that -
encodes a polypeptide having an amino aczd sequence at least 80% identical to the
amino acid sequence of Figure 24 and SEQ ID NO: 15.



[0350] The entire disclosure of all publications (including patents, patent
appli cations, journal articles, |aboratory manuals, books, or other .
docunents) cited herein are hereby incorporated by reference. -129- WHAT IS
CLAIMIS: 1. An isolated nucleic acid conprising a sequence encoding a

fusi on pol ypeptide, wherein said fusion polypeptide has
(3(1,4)-Nacetyl glucosam nyltransferase Il activity or

(3(1,4)gal actosyltransferase activity and conprises the Golgi |ocalization
domain of a mammalian Gol gi resident polypeptide. 2. An isolated nucleic
acid according to claim1, wherein sal3itfusion-pol ypeptide conprises the

catalytic domain of (3(1,4)- N-acetyl gl ucosam nyltransferase 11l or (3(1,4)-
gal act osyl transferase.. 3. An isol at ed nucleic acid according to claim 2,
wherein spjd Golgi 151%9 dczf@ﬂ:'a%'ﬂd foSclh &Frﬁ;llui'ﬁﬁ 1208 ol 0N fhaPf
manmal i an mannosi doase it. 4. An |as donuc{hgl ac é a%gorgi ng toacl aim 3,

havi ng t henaodes aopqugmapﬁéqdnamg anshmxm acm:i Fquene 24lcagt B0SE(anbedliGo thet. 5. An
i sol ated nucleigc acid accqrdi t | .ai erein said CGolgi |ocalization
onmin 1 SR 3 Gries b et SECE A (£ 1, 55y v 9

acetyl glucosam nyltransferase 1. 6. An isolated nucleic acid according to

claim$5, having the nucl eotide sequence shown in Figure 25 and SEQ | D NG
12. 7. Anl8.solAhdsblaied|micteiacicil acaaditigniy dlaine Badamisinper siquesed thaCol gi

| ocal i zation, domajn is, the, localizatiaon domain 2)- N
ncetyl g (RGOS AVRCLPAPRAE e A nAH SRR O CIghts 20 2 SERIDANE! hy 1 0
cl ai m 2, \uhe#ietdhsShisheGRhigh ajzlgcg%ét;f@f;dngn domain is the localization domain
of- mammal 1 an nmannosi dase I. - 9. An isolated nucleic acid according to

dlaim 2, wherein said Gol gi Iocallzatlon dormain is the | ocalization domain
~manmal j.an c[l-6.core f cosyb&ransferase 10, An_isal ated nuclegﬂi]l(‘;i acid

accordi ngto cHaitihlaed dsisg sy acrdingHRS R e CUPRIITRE 2:598FYFeRet de
havi ng t %caaem RGIpEpRRIMSMEHS a0 bdld kbgliehe: eAFRIR BFhd SEHI@D NO:

13 with conservative amino acid substitutions. .
20.  An expression vector which comprises an isolated nucleic acid according to any

one of claims 1 -19.

21. A fusion polypeptide having p(1,4)-N-acetylglucosaminyltransferase III activity
or B(1,4)-galactosyltransferase activity and comprising the Golgi localization domain

of a heterologous mammalian Golgi resident polypeptide.

t'; 22. A fusion polypeptide according to claim 21, comprising the catalytic domain of
B(1,4)-Nacetylglucosaminyltransferase Il or B(1, 4) galactosyltransferase.

23. A fusion polypeptide according to claim 21, wherein the Golgi localization

domain is the localization domain of mammalian mannosidase I1.

24. A fusion polypeptide according to claim 21, wherein the Golgi localization
domain is the localization domain of mammalian B(1, 2)-N-

acetylglucosaminyltransferase 1. .



15. 11. An isolated nucleic acid according to claim5 conprising a sequence
that ‘encodes a pol ypeptide having the am no acid sequence shown in Figure
25 and SEQ ID NO 13. 12. An isolated nucleic acid according to claim3
conprising a sequence that hybridizes under stringent conditions to a
hybri di zati on probe the nucl eotide sequence of which consists of the

nucl eoti de sequence shown in Figure 24 _and SEQ ID NO 14. 13. An isol ated
nucleic acid according claimb conpriﬁ? Y a sequence that hybridizes under
stringent conditions to a hybridization probe the nucl eotide sequence of

whi ch consists of the nucleotide sequence shown in Figure 25 and SEQ I D

NG 12. 1425An AsfisiinegolppepitRieCactbidingd 6 Olatn T , twheediAithe Stginuchlizanign a
sequence at |east 80% identical to the nucleotide sequence shown in Figure
24 and SEEpmpinNethe localizztiopdomais of reammeléiananenngsiiesedccording to claim 5
conprising a sequence at |east 80% identical to the nucl eotide sequence
shown in Figure 25 and SEQ 1D NO 12. 16. An isolated nucleic acid according
to clai m 36conpar tgiohd palysaaide neotibat to eREATES Whapsth YREPGHIGE IfaUbdlign an am no
acid sequence at |east 80%identical to the amno acid sequence of Figure
24 and SeEdpmanNptherigealizetion demainpofmpesiatioe §(lidi-etetylglosasarmingveerfeiget o cl ai m
5 conprishng a sequence that encodes a pol ypeptide having an am no acid
sequence at | east 80% identical to the am no acid sequence of Figure 25 and
SEQ I D NO 13 18. An isolated nucleic acid according .to claim3 conprising a
sequence that encodes a pol ypeptide having the am no acid sequence of

Fi gure 242%&nd 4&E{siop pdypeptige iceordingntoeelpimi2le wliersin thei @olguidewlizalivnons. 109.

%i sol at 8&111{]%1‘?4 t%%: :focfgﬁ' ioﬁ%g{a%j S dBm i M @‘éco‘h?ﬁ%éﬁig?&%@ra?ee.q”ence t hat

ficodes a polypep avi ng e amno aci d sequenc rgure 25 and SEQ I D
13 with conservative am no acid substitutions. 20. An expression vector

whi ch conprises an isol ated nucleic acid according to any one of clains |-1

9 21. A f#ki onApertypleprmrisingalg sxgressqnvestor ff daietP gl ucosami nyl tr ansf er ase

11 activity

L}

29, A  method for producing a fusion £>olypeptide having B(1,4)-N-
acetylglucosaminyltransferase TiI activity or [(1,4)-galactosyltransferase activity
comprising culturing the host cell of claim 28 in a medium under conditions allowing
the expression of said nucleic acid encoding said fusion polypeptide and recovering said

fusion polypeptide from the resuitant culture.

30. A method for modifying the glycosylation profile of a polypéptide produced by a
host cell, comprising introducing into said host cell the nucleic acid of any one of claims 1-
19.

P
[
i .
Ny

31. A method for modifying the glycosylation profile of a polypeptide produced by
a host cell, comprising introducing into said host cell the expression vector of claim 20.
32. A method according to claim 30 or 31, wherein said polypeptide is IgG or a
fragment thereof.

33. A method according to claim 32, wherein said polypeptide is Tg6l or a fragment
thereof.



T —

or p(1,4)-galactosyltransferase activity and conprising the Gol gi :

| ocal i zation donmain of a heterol ogous mammal i an Gol gi resi dent pol ypepti de.
22. A fusion polypeptide according to claim2l, conprising the catalytic
domain of 0(1,4)-Nacetylglucosam nyltransferase Il or (3(1, 4)

gal act osyl transferase. 23. A fusion pol ypeptide according to claim 21,
wherein the Golgi |ocalization domain is the localization domain of

manmal i an mannosi dase I1. 24. A fusion pol ypeptide according to claim 21,
wherein the Golgi |ocalization dongi*f is the |ocalization domain of
manmal iran (3(1, 2)-N acetyl glucosam nyltransferase |I. -132- 25. A fusion.

pol ypeptide according to claim?2l, wherein the Golgi localization donmain is
t he | ocal i zat3on dontihef stodmgriabiam3harhessi sikpolypeptB.is Afisimi on pol ypepti de

according to i ; rei. he l.gi, l-ocal.i zat i.on inis the

| ocal i zati on p%%%@ﬁ?#hﬁn%%%%qW@g?M@éﬁ%o |a&&“§%%fﬁ%;§| transferase H.
27. A fusion polypeptide according to claim 21, wherein the ol gi

| ocal i zation domain is the |ocalization domain of mammalian al-6 core

f ucosyl t r ans¥er ak dostz8ll epginesred toedxiprass apleass ongnudieic egidrenseding a feseroprotein

cl ai m 20 29.hatingdi hdpNFavetydgladesaimigylmardstzasei [ zetiyipept 8 (k4havi ng 0(1, 4) - N
acetyl gl ucosamciuyhiansteiat aqiity inah avbhirt saffidiet o fodifptiacs1Reyidchaidk ek ase
activity CcoEppi ?ér%tﬁx&ﬂﬂﬁd!ﬁbéﬁﬁdébﬁudh@&%fﬁgdh&ft o8l @hBiegB i N a medi um under

conditions allow t he eXpression of said nuclelic acid encoding said

fusion polypeptide a [ ecpveri i fusi o 0 i fromth
resul t ant CLﬁaFC,lgﬁo. cggge}&s%%fﬁ%é‘g%ﬁ%r% H‘ﬁﬂnﬁgﬂ?gg ﬁ’g@fg ﬁ%#%‘ﬁ; @Fi T of a
pol ypept i de 189 @E@B}‘g‘t’aa“ i0p pfqtein thatingludes @ Teeiop sagplagt o SHBP host
cel | the nucfepdmgringgishuliiy one of clains 1- 19. 31. A nethod for nodifying
the glycosylation profile of a pol ypeptide produced by a host cell,
conpri si ng isaid fusionipnlypeptids compdiskothe cetalytic domaaxph M )-0h vector of claim
20. 32. A netfyigluasaaimitransfepase THiom3BI04)egaldtosyittupsfeiasesaidd pol ypeptide is
IgG or a fragnment thereof. 33. A nmethod according to claim 32, wherein said
polypepti de ;& dih p8lypBptideAURE comprises the Golgi localization domain of a heterologous
mammalian Golgi resident polypeptide.




thereof. -133- 34. A nethod according to claim32, wherein said polypeptide
is a fusion protein that includes a region eqU|vaIent to the Fc region of a
human 1gG 35. A host cell engineered to express at |east one nucleic acid
encoding a fusion protein having 13(1,4)- N-acetyl gl ucosami nyl transferase
11 activity or b (1,4)- gal actosyltransferase activity rn an anount
sufficient to nodify the oligosacchardildegs in the Fc region of a pol ypeptide
produced by said host cell wherein said polypeptide is selected fromthe
group consi sting of a whol e ant.i body nol ecule, an antibody fragnment, and a
fusion protein that includes a region equivalent to the Fc region of an
i mmunogl obul i n; said fusion polypeptide conprises the catal ytic domai n of
13(1,4)-N acetyl glucosam nyltransferase 111 or
13(1, 4) -gal actosyl transferase; and said fusion polypeptide further conprises
the Gol gi localization domain of a heterol ogous nmammalian Gol gi resident
pol ypeptide. -134- A host cell according to claim35, wherein said Golgi
| ocal i zation domain is the |ocalization domain of mammal i an mannosi dase H.
31- A hos Ce' yﬁ 1€ SdI0AdBrdint: ol kit 2 whe\“éiﬁ’rsﬁﬂ GAG BcdiRhn dEah iZ@Ei on
domain is ocal 1 zat1 on domai n of manmal i an
43(1,2)-h&aahﬂ¥bgHum@m&ﬁﬂﬁmhﬂd&m@h&n@&é&%II38. A host cell according to
claim 35, wherein said Golgi |ocdlization domain is the 1ocalization domain
of mammalian (i (1, 2)-Nacetyl glu6osam nyltransferase H A host -cel
accordi ngs40 claahdn acc\ﬁf&(%eto”clﬁlﬂi s, GAleRdin sﬁ@f@rd%lalfobzﬂ DaB@{Bdiaih $s fhBe '
| ocal i zati on donai n of i an mannosi dase |I. host cell according to
cI ai m 35, Jlocalization domaincd f Guinyhaliasci{l 22405ty gleepaaminyBrankferass bcal i zat i on

in of mammalian crl-6 core fucosyltransferase. | , 41. A nethod for
p )duci ng a pol ypeptide in a host cell, comprising: a. culturing a host cel
engi neer edgl o Qxpiseedl Qéco{'cﬁﬁ’gsio @lﬂﬁl @%ﬁdr&n%&ﬁ%ﬁ@ﬁﬁ@ﬂ%n& déHsh Qthe
pol ypeptide having B(1,4)-Nacetyl ucosanlnyltrans erase Il activity or B
(1, 4)- gallmtmntdomn@f mesEmalien) ﬁi?,t%)-Nrn@@rlgl@mmnwdir@st@rﬁng pernmit the
prqductlon of a

2q. A host cell according to claim 25, wherein said Golgi localization domain is the

localization domain of mammalian mannosidase L.

40. A host cell according to claim 35, wherein said Golgi localization domain is the

localization domain of mammalianal-6 core fucosyltransferase.

41. A method for producing a polypeptide in a host cell, comprising:

a. culturing a host cell engineered to express at least one nucleic acid encoding a
fusion polypeptide having ((1,4)-N-acetylglucosaminyltransferase II1 activity or 3 (1,4)-
galactosyltransferase activity under conditions which permit the production of a
polypeptide selected from the group consisting of a whole antibody molecule, an
antibody fragment, and a fusion protein that includes a region equivalent to the Fc region
of an immunoglobulin, wherein said fusion polypeptide is expressed in an amount
sufficient to modify the oligosaccharides in the Fc region of said polypeptide produced
by said host cell; and said fusion polypeptide further comprises the Golgi localization
domain of a heterologous mammalian Golgi resident polypeptide; and

b. 1solating said polypeptide.




pol ypeptide selected fromthe group consisting of a whole antibody nol ecul e,

an antibody fragnent, and a fusion protein that includes a region
~equivalent to the Fe region of an inmunogl obulin, wherein said fusion

pol ypeptide is expressed in an amount sufficient to nodify the

ol i gosaccharides in the Fc region of said polypeptide produced by said host

cell; and said fusion polypeptide further conprises the Golgi |ocalization

domai n of a heterol ogous mammalian Gol gi resident pol ypeptide; and b.

i solating said polypeptide. -135- 41. A nethod according to claim41l ,

wherein said Golgi |ocalization dong%g is the localization domain of

manmmal i an mannosi dase L 43. A net héed’<dccording to claim4l ; wherein said

Gol gi localization domain is the |localization domain of mamali an

(3(1,2)-Nacetyl glucosam nyl transferase |I. 4+1 . A method according to claim
41 , wherein said Golgi localization domain is the |localization domain of
mammal i an mannosi dase |. 45. A nethod according to claim4l', wherein said
GoI g| I gcal i Aaméethod dmdmgits claime 41 I,wha&emmhd Gi}mlgldamililza@dn demuinalis te

cet | uc ransf er.gse. H. A met hod according to claim
41 , é?céﬁ??t’?édg ‘b‘f IF%WFF i n | s the localization domin of

manmmal i an al -6 core fucosyltransferase. 136- 41. An isolated nucleic acid
conpri siygg assKgues %&:&a&g% Rhid z{\ usherkiPeli w%'19&11za&61€a@man%§m fusion
pol ypeptide has X3(1,4)-gal actosy frans%erase activity and conprises the
CGol gi | decatizatbmi dwma@lmfémnmofahan Pl e -acetyl @otqgamingyianisferasedol ypept i de. 48. An
i solated nucleic acid accordi ng to clam41 , wher e| n sal d fusion
| ypept i de onp es the cat t| c_domain ct osyl t.ransf erase.
@m- A TS Beep el e o veEdh iR GLS IBHAATER SaRERSR iat o Gol
ocal i Z%daﬁﬂaﬂdﬁ%ﬁia’&l bBmbRAGalioE Alahfqidagor domai n - of marrmal i an, mannosi dase |L
W An expression vector which conprises an isolated nucleic acid according
to any one of clains 41-49 5t A fusion polypeptide having
p(1,4)-aal ac@omythbdanm‘rd'mgste ohuniqlfl wheraid said iG] gislocalizatitve dGnkigi isihecal | zat i on

dorri " Qcatzi om0 O Sialtey fan : AT R aBbtyfofitoshyRan e i 1e

-

he. A method according to claim 4! , wherein said Golgi locahzatlon domain is the

localization domain of mammalian a1-6 core fucosyltransferase



| k 5a. A fusion polypeptide according to claim51 , conprising the catalytic
. domain of (3(1,4)-galactosyltransferase. 53 A fusion polypeptide according
to claimb51, wherein the Golgi localization domain is the |localization
domai n of manmmal i an mannosi dase I1. 54- A host cell conprising the
expression vector of claim50. 55 A method for producing a fusion

pol ypeptide having (.P(1,4)-gal actosyltransferase C activity conpri sing
culturing the host cell of claimb54 kn_a medi um under conditions allow ng

t he expression of said nucleic acidr%ncoding sai d fusion pol ypeptide and -
recovering said fusion polypeptide fromthe resultant culture. 51 A nmethod
for nodifying the glycosylation profile of a polypeptide produced by. . a
host cell, conprising introducing into said host cell the nucleic acid of
any one of clains '4i- 49. 51. A nethod for nodifying the glycosylation
profil e of asRolofRentuigicPichu6mMiie 3 selifthibe ShlddingC oMM RGpdpRlE 00UC NG

into said host cell the expression vector of claimSO - A host

cel | "comperedi saifd fision pilyreppdebsd P 4)egataotosgtramsférasengrtivity ant edompssdsd

nol ecul ¢ encodi ng. a.f usi on | ypept i de, erei.n said fusion pol ypeptide has
Ta(r ) B CaREe iR Bardta 5P s HRhal o Spt S0lsrst U Ty B
conprises the Golgi localization domain of.a nmammalian Gol gi resident

pol ypepti-de; and (b) an expression vector cortprising a nucleic acid
nol ecul éigencodi ng Aa ipditypmpisiclecid wbandhgtecdich Bal, whersin skdd fkma mannosi dase

1 (*AIL), actjvity, |. :The host ceLIeéH claim5?_, erein said nucleic acid
mol ecul #ORERHieFIPHERY the G3talEIc Jomaim (ﬂs&i;g%?ﬁio%’gr"d‘-s Fei c acid-nol ecul e
encodi ng sai d pol ypepti de having nannosidase Il activity are on the sane

expression vector. C The host cell of claim-W, wherein said nucleic acid
mol ecul e encodi ng said fusion polypeptide and said nucleic acid nol ecul e
encodi ng sai d pol ypeptide having Man H activity are on separate expression
vectors. 6t. The host cell of claimsa , wherein said fusion pol ypeptide
conprises the catalytic domain of GaT Il1l. 61. The host cell of claim,
wherein said-Golgi |ocalization domain is the



| ocal i zation domain of mammalian t f! -. 63. The host cell of claimb5g,
wherei-n said Golgi localization domain is the |ocalization domain of
manmal i an f3(1, 2)-Nacetyl gl ucosam nyltransferase 1. 64. The host cell of
claimsg , wherein said Golgi localization domain is the |ocalization

domai n of - manmalian 1i (I, 2)-N-acetylglucosam nyltransferase Il1. 65. The
host cell of claimss , wherein said Golgi localization domain is the
| ocal i zati on domai n of mamual i an nannosi dase |I. ~ The host cell of claim5%

wherein said Golgi |ocalization donmai R'¥s the |ocalization domain of

manmal i an al , 6-N core fucosyltransferase. 61. The host cell of claimb5t ,
wherein said host cell is selected fromthe group consisting of a manmmalian
cell, a yeast cell, or an insect cell. 6g. The host cell of claim58 , '
wherein said hast, cell is selected fromthe group consjsting of a, CHO cell,
a BHK cel I'fa R8oselatefl nuglsicspaid pogerding tg %ﬂnipew srainceiq Golgl qwgeé@%use

nyel oma Cebhginds BER @k tiorPd 7R OB maRinalia Anfodiyt idoma cel|. G The host

t

cell of claim9B , urt%er conprising, an expression vector conprising a
nucl eic acid nol ecul e encodi ng a pol ypepti de, wherein said pol ypeptide has
(3(1, 2)-Nacetyl gl ucosam nyl -transferase Il (GT I1) activity 10. The host
cel | of cl3'm 68 EXPREUPRVECQRIRICH FOMPFises A8 Cf%ﬁé@&he@ WHEFEPHRA 3Ysi on
pol ypept i dea fakifhsNktel.gi.c acid nol ecul e encodi ng a pol ypeptide having Man ||
activity an%osg?gwnﬁgﬁgqc aci d nol ecul e encodi ng a pol ypeptide having G1T |1
activity are on the sane expression vector. '11. The host cell ofcaatim
69., wherein said nucleic acid nol ecul e encoding_a fusion pol ypeptide, said

d [
nucl ei ¢ act'd mbi Beign golymersideipving il irépastady saisepepghviny andLOmRFIsing and
s@i d nucl g i i [ h; [ Aactivity
R T A s G S R DS S
wherein said nucleic acid nolecule encoding a fusion polypeptide is on one

expression vector,, and. sai d_ nucl eic acid, nolecul e encodin a.pql ypepti de
havi ng Mare> . 4AdEHPYPOLYPSRACS aFcpriing fo PRITOP\ PRTRAGNS T i dophbin

pol ypept i ggﬁ{lwi%g&c@ﬁtr%f@%g_vi ty are on the same expression vector. -140-
"13. The host cell of” claim6l, wherein said nucleic acid nol ecul e encodi ng
a Man

53. A fusion polypeptide according to claim S5, wherein the Golgi localization

domain is the localization domain of mammalian mannosidase IL
54 - A host cell comprising the expression vector of claim 50-

¢5. A method for producing a fusion polypeptide having ($(1,4)-galactosyltransferase
( \ activity comprising culturing the host cell of claim 54 in a medium under conditions
allowing the expression of said nucleic acid encoding said fusion polypeptide and

recovering said fusion polypeptide from the resultant culture.

% A method for modifying the glycosylation profile of a polypeptide produced by »
a host cell, comprising introducing into said host cell the nucleic acid of any one of claims

n-49.

5. A method for modifying the glycosylation profile of a polypeptide produced by a

host cell, comprising introducing into said host cell the expression vector of claim 50.



Il is on one expression vector, and said nucleic acid nol ecul e encoding a
fusion polypeptide and said nucleic acid nol ecul e encodi ng a pol ypepti de
having GhT Il activity are on the sane expression vector. 14. The host cel
of claim69 , wherein said nucleic acid nolecule encoding said GIT Il is on
.one- expression vector, and said nucleic acid nolecule encoding a fusion -
pol ypepti de and said nuclelc acid nol ecul e encodi ng a pol ypepti de havi ng
Mani activity are on the sanme expression vector. '15 A host cel

conprising: (a) an expression vector -d&&rising a nucleic acid nolecule
encodi ng a fusion polypeptide, wherein said fusion pol ypeptide has (3(1,4)-
gal actosyltransferase (Gal T) activity and conprises the Golgi |ocalization
domain of a mammalian Golgi resident polypeptide; and (b) an expression
vector co i Si ng u CI ype .wher ei n
sai d pol yggé)tl Sgscepra(rc’f‘!'n IFS (Q) rgﬁ %)ﬁ?gésﬁpﬁ%et% '},%n}%rﬁ&f d rﬁ&%fe ac:1<¥‘hce| | of

claim15 mowh@leelnlocﬁﬁg d ﬁmimi polgpepﬂdd wnéraﬁtdaﬁl iﬁﬁl@ﬂ@bl}@eptldef hesii Y 4PNE ypept i de
and said nucI ei ¢ aci d _nol ecul e_encodi ng a pol ypeptide havi hg. nannosi dase I

activity #e ﬁﬁcqulwéwswwégéﬁ@ﬁ 1 aetyity and comﬁ@sqsc%@ Golgt flocghzatipyj m ' 75
wher ei n Sééng aifl Y Hmﬂ%&&“k&@ﬁ%ﬂ@?@ﬁﬁgawﬁ é%aﬂ%%ﬁ?%@oh%cﬁpd sai d

nucl ei ¢ aci ecu e encodi ng”a activity are on
separ at e eomyrisfgy ®nusldc boidsmoletdle eﬁh&dmgatpocb@lebtl@ef witeaeim shid polyfeptiée n sai d
fusion po] ypeptide cofypri ses the catalytic domain of GalT. 11. The host
cel | of cmé' Iwﬁﬂdﬁﬁ%ﬁpﬂﬁ‘ 4PV gi | ocal i zation domain is the
| ocal i zati on domain of mammalian Man |L. -14~- go. The host cell of claim
15, wherein said Golgi localization domain is the |localization d"neoof

nmal i an $3( 1TH2) hdstaeBtof] cgiinnssanw}nqrbmrmdsﬂmﬂ@amﬂ meleculiﬂmwﬂmsg saikl| | of

im1ls', wherein said calization domain is the, |ocg zation
dormi . of R ERAT s ead 585 el agRgnaiEus FRraas saiforurRiSBds hAge The
host cel |m9§nd§.ic‘f&'sé7111&uv1ty\’ék%ro%'tﬁe %Qe)@ésgﬂonb@&@ﬂ i zation domain is the
| ocali zati on domai n of nmanmmual i an mannosi dase |. 83. The host cell of claim

15 , wherein said Golgi localization domain is the .
@ The host cell of claim 52 , wherein said nucleic acid molecule encoding said
fusion polypeptide and said nucleic acid molecule encoding said polypeptide having

Man II activity are on separate expression vectors.

el. The host cell of claim S8 , wherein said fusion polypeptide comprises the
catalytic domain of GnT IIL

(- ed.  The host cell of claim =R , wherein said Golgi localization domain is the

localization domain of mammalian .

63.  The host cell of claim sg , wherein said Golgi localization domain is the

localization domain of mammalian $(1,2)-N-acetylglucosaminyltransferase I.

64. The host cell of claim sg , wherein said Golgi localization domain is the

localization domain of mammalian B(1, 2)-N-acetylglucosaminyltransferase II.

€5.  The host cell of claim 58 , wherein said Golgi localization domain is the

localization domain of mammalian mannosidase 1.



| ocal i zati on domain of mammalian al,6-N core fucosyltransferase. g4. The

host cell of claim15 , wherein said host cell is selected fromthe group
consisting of a manmmalian cell, a yeast cell, or an insect cell. 85. The
host cell of claim 15 , wherein said host cell is selected fromthe group
consisting of a CHO cell, a BHK cell, a NSO cell, an SP2/0 cell, a YO

nyel oma cell, a P3X63 nouse nyeloma cell, a PER cell, a PER C6 cell, and a
hybri doma cell. 816- The host cell of clain115 , further conprising an

expression vector conprising a nucl ei'®%aci d nol ecul e encodi ng a

pol ypepti de, wherein said polypeptide has (3(1,2)- Nuce{~gtdccb5gm i 1t
-transferase7L (GnT 1It) activity 191. The host cell of claim%6,, wherein
said nucleic acid nol ecul e encoding a fusionspolypeptide, said nucleic acid

ol ecul o god[f0 g POLYRERLLHE BAVLRGMAD| GoRP LA Agh LT HE! o1

acid nol ecul e enc ypepti‘d Vit are on the sane

expr essi ofpculeation dorﬁﬁn’ﬂf@ndimhhaneil B—I@Eo@lfmmlﬁﬁnsfel\d@er ein said nucleic acid
nol ecul e encoding a fusion polypeptide, said nucleic acid nol ecul e encodi ng
a polypeptide having -14~- Man || activity and said nucleic acid nol ecul e

encodi ng a tide Cl i [

expr essi on® %fg? gws%%elp?ﬁgpaﬁnos l“?re % 4/;}%#1@1 IS\Eﬁ%th %%ﬁiﬁe %{?%Pei c acid
nol ecul e ecitfsﬁdngigfaamafmiﬁiﬁﬂcm}hw@melldﬁ ah $ns6¢ cele expression vector, and
said. nucleic acid nolecule encoding a polyde >Ov\n5 Man |1 act|V|ty and

sai d nucleic aC|d nmol ecul e encoding a polypeptide having G1T |1 activity

are on LNG ANk, X0 Gl AN NEELAT v A0ein s DORCc 9l seflof ARG gher el n

said nucl e C ac e enco |ng a e EXPr ess ctor
hd said egsmelseh oﬂ@l(ﬂ—IUQieﬂpwmﬂelaDdIN&)aeIﬂ Uil SRD/0 pal )ap&ecptmmmamebusai d

leic acid nol ecul e encoding a tide haV|ng GhT I] activity are on
the same &3p%daasspyelemasell. az]%r Ce%h%gﬁﬁyglts celbjapd ghytxidgmacell: | wherein said

nucl eic acid nol ecul e encoding said GIT Il is on one expression vector, and
said nucleic acid nolecul e encoding a fusion polypeptide and said nucleic
aci d nol ecéfl.e Brcd@dsnell il yaenat isde iﬁﬁt\ﬂisiig cdaprikihg . agt expregsiar evedtort he sane
expression vector. 91, .The, host Lﬁell of claimwherein said Ju5| on 4

pol ypept i ﬁfénR?éf’Hﬁ péiéiglegch@cl molecule encoding a polypeptide, wherein said polypeptide

has B(1,2)-Nacetylglucosaminyl-transferase II (GnT II) activity

10. The host cell of claim &4 , wherein said nucleic acid molecule encoding a
fusion polypeptide, said nucleic acid molecule encoding a polypeptide having Man I
activity and said nucleic acid molecule encoding a polypeptide having GnT II activity

are on the same expression vector.

7. The host cell of claim 64, wherein said nucleic acid molecule encoding a
fusion polypeptide, said nucleic acid molecule encoding a polypeptide having Man II
activity and said nucleic acid molecule encoding a polypeptide having GnT Ir

activity are each on separate expression vectors.

92. The host cell of claim €7, wherein said nucleic acid molecule encoding a
fusion polypeptide is on one expression vector, and said nucleic acid molecule encoding
a polypeptide having Man T activity and said nucleic acid molecule encoding a

polypeptide having GnT I activity are on the same expfession vector.



catal ytic domain of CaalT . 3. The host cell of claim SG wherein said ol gi
l.ocali zation domain is the |localization domain of mamralian Man |1. 94 The
host cell of claima(o , wherein said Golgi |ocalization domain is the

| ocal i zati on domain of mammalian (1, 2)-N acetyl glucosam nyltransferase I.
9S. The host cell of claim86 , wherein said Golgi |ocalization domain is
the |localization domain of manmal i an140-

(3(1,2)-Nacetyl glucosam nyl transferase H 6. The host cell of claim %
wherein said Golgi localization domain is the |localization domain of

manmal i an mannosi dase 31. _143- | T The host cell of claim86 , wherein said
CGol gi localization domain is the 1localization domain of manmalian al,

6- core fuddsyl Thahest eelh ot claiiy. “Arrvderein said antleistacid miotacsle encodiag 8iMensai d host

cell is l.ected fr I o St f. | i.an;cel east
cell, or ngﬁgioﬁlsg% egg%ewgn Q@%J%P’ %dggﬁgsrbm%gcl ?Clgﬁmgﬁgﬁ% g%oc,h%ghée,rﬁlesl?oﬁlysai d
host cel Ipoi egidedid nRit Beid diddstale ORESE polgpeplid@hawiky GET I acviBHK cel |,
a NSO celﬂo,ﬁgngPZIO é:el I, Ia YO nyel (frra ceI%S,pa@%SXGS&niguse rryagl ogﬁ; cell, a

PER cel | ,arOIHHRSE SPFIsSIOBMRFIE. hybri doma cel | . -144- 100. An isol ated
nucl ei ¢ acid nol ecul e according to claim49 conprising SEQID NO 19. 101. A
fusi on pol ypeptide according to claim53.conprising SEQ ID NO 20.

4. The host cell of claim €4 , wherein said nucleic acid molecule encoding said
GnT II is on one expression vector, and said nucleic acid molecule encoding a fusion
- polypeptide and said nucleic acid molecule encoding a polypeptide having Man &

{ : activity are on the same expression vector.
%

15. A host cell comprising: (a) an expression vector comprising a nucleic acid
o molecule encoding a fusion polypeptide, wherein said fusion polypeptide has B(1,4)-
galactosyltransferase (GaIT)'activity and comprises the Golgi localization domain of a
mammalian Golgi resident polypeptide; and (b) an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein said polypeptide has mannosidase

1T (Man II) activity.

.  The host cell of claim 15 , wherein said nucleic acid molecule encoding a
fusion polypeptide and said nucleic acid molecule encoding a polypeptide having

(’ mannosidase II activity are on the same expression vector.

. The host cell of claim 75 |, wherein said nucleic acid molecule encoding a
fusion polypeptide and said nucleic acid molecule encoding a polypeptide having Man
II activity are on separate expression vectors. .
78. The host cell of claim 15 , wherein said fusion polypeptide comprises the
catalytic domain of GalT.

4.  The host cell of claim 15, wherein said Golgi localization domain is the

localization domain of mammalian ManT.



-1\ -

80. The host cell of claim 15, wherein said Golgi localization domain is the

localization domesoof mammalian |3(1,Zj-N—acetylglucosaminyltransferase L.

€.  The host cell of claim 75", wherein said Golgi localization domain is the

localization domain of mammalian B(l, 2)-N-acetylglucosayninyltransferase IT

82. The host cell of claim 15, wherein said Golgi localization domain is the

localization domain of mammalian mannosidase 1.

83.. The host cell of claim 15, wherein said Golgi localization domain is the

localization domain of mammalian al,6-N core fucosyltransferase.

%4. The host cell of claim 15, wherein said host cell is selected from the group -

consisting of a mammalian cell, a yeast cell, or an insect cell,

25 The host cell of claim 15 , wherein said host cell is selected from the group
consisting of a CHO cell, a BHK cell, a NSO cell, an SP2/0 cell, a YO myeloma cell, a
P3X63 mouse myeloma cell, a PER cell, a PER.C6 cell, and a hybridoma cell.

8. The host cell of claim 15, further comprising an expression vector
comprising a nucleic acid molecule encoding a polypeptide, wherein said polypeptide

has p(1,2)- N~qcé\jg\qccsqmi\q5t ~transferase IL (GnT 1T ) activity

%1.  The host cell of claim %& ., wherein said nucleic acid molecule encoding a
fusion, polypeptide, said nucleic acid molecule encoding a polypeptide having Man II
activity and said nucleic acid molecule encoding a polypeptide having GnT II activity

are on the same expression vector.

88. The host cell of claim 8¢ , wherein said nucleic acid molecule encoding a

fusion polypeptide, said nucleic acid molecule encoding a polypeptide having



. .f»’-'-h\

—tha~

Man II activity and said nucleic acid molecule encoding a polypeptide having GnT I

activity are each on separate expression vectors.

89. The host cell of ¢lcim Bu, wherein said nucleic acid molecule encoding a
fusion polypeptide is on one expression vector, and said nucleic acid molecule encoding
a pé\épe;?ﬁag, };{dv‘mf) Man II activity and said nucleic acid molecule encoding a

polypeptide having GnT Ii activity are on the same expression vector.

qo. The host cell of claim 86 , wherein said nucleic acid molecule encoding a Man
II is on one expression vector, and said nucleic acid molecule encoding a fusion
polypeptide and said nucleic acid molecule encoding a polypeptide having GnT II activity

are on the same expression vector.

Al. . The host cell of claim ®¥e:, wherein said nucleic acid molecule encoding said
GnT 11 is on one expression vector, and said nucleic acid molecule encoding a fusion
polypeptide and said nucleic acid molecule encoding a polypeptide having Man II

activity are on the same expression vector.

qu. The host cell of claim %6 , wherein said fusion polypeptide comprises the
catalytic domain of G4 . - ‘

a3. The host cell of claim &', wherein said Golgi localization domain is the

localization domain of mammalian Man II.

L. The host cell of claim 2 , wherein said Golgi localization domain is the

localization domain of mammalian B (1, 2)-N-acetylglucosaminyltransferase 1.

45.  The host cell of claim € , wherein said Golgi localization domain is the

localization domain of mammalian B(1,2)-N-acetyl glucosaminyltransférase II.

ab. The host cell of claim %, wherein said Golgi localization domain is the

localization domain of mammalian mannosidase T.
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A7.  The host cell of claim 3%, wherein said Golgi localization domain is the

~ localization domain of mammalian al, 6-core fucosyltransferase.

gg. The host cell of claim 36., wherein said host cell is selected from the group

consisting of a mammalian cell, a yeast cell, or an insect cell.

99, The host cell of claim &7 , wherein said host cell is selected from the gfoup
consisting of a CHO cell, a BHK cell, a NSO cell, an SP2/0 cell, a YO myeloma cell, a

. P3X63 mouse myeloma cell, a PER cell, a PER.C6 cell, and a hybridoma cell.
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100. An isolated nucleic acid molecule according to claim 49 comprising SEQ 1D
NO:19.

101. A fusion polypeptide according to claim 53 comprising SEQ ID NO:20.





