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 [0001] 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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i ncreased effector function.”t 02] dycoproteins nedi ate
many essential functions in human bei ngs, other eukaryotic organisnms, and
sone prokaryotes, including catalysis, signaling, cell- cell conmunication,
and nol ecul ar recognitio i.ati o h ke up the majority of
non-cyt osolic proteins iﬁAgWQ% ] "&H@Pﬁﬁoﬁi s et al., Eur. J.

Bi ochem 218:1-27 (1993)). Many gl ycoprotei ns have been exploited for

t herapeutic purposes, and during the |ast two decades, reconbi nant versions
of natur allﬁlﬁeeﬁp?W@ﬁogecr eted gl ycoproteins have been a maj or product of
the biotechnol ogy industry. Exanples include erythropoietin (EPO,

t her apeujgpgi) MONOGhOR&lentINehBRHBRS (oltRERAPS YijcEsyTANBS dngirek: pl asm nogen
activator (tPA), interferon-n, (IFN-0), granul ocyte-mnmacrophage col ony
stinul ating fRaeeiay Move rexseylariyrifie powsent ievestiommlaiegbnawdeie 6pi n (hCG) .
(Qummi ng. et lolecyf3 HRAREY A dndehibes] AAABBKL ahA00H e @l | gOSaCChar i de
conponent can significantly affect properties relevant to the efficacy of a
t her apeut i ¢ ghie Bphelprosylpfioncnginerding gf pesy aslls 40 genceaks palyppptideg @dthst ance to
protease att ggyovbdthéhfalid fblnis ki a@nm{bgmgc%medpg cokinetics, and
specific biolo |_0(‘:’al aia:pt%i Vi té. Su’éﬁb'pdrﬁggpertl es may' depend ot only on the
presence or diengeaad ingreesed eHerctayfunchien.speci fic structures, of

ol i gosacchari des. Some generalizations between oligosaccharide structure and

-2- glycoprotein function can be nade. For exanple, certain oligosaccharide
* Background Art

[0002] Glycoproteins mediate many essential functions in human beings, other
eukaryotic organisms, and some prokaryotes, including catalysis, signaling, cell-
cell communication, and molecular recognition and association. They make up
the majority of non-cytosolic proteins in eukaryotic organisms. (Lis et al., Eur. J.
Biochem. 218:1-27 (1993)). Many glycdproteins 'h'é.vé‘ been exploited for
therapeutic purposes, and during the last two decades, recombinant versions of
naturally-occurring, secreted glycoproteins have been a major product of the
biotechnology industry. Examples include erythropoietin (EPO), therapeutic
monoclonal antibodies (therapeutic mAbs), tissue plasminogen activator (tPA),
interferon-B, (IFN-§), granulocyte-macrophage colony stimulating factor (GM-
CSF), and human chorionic gonadotrophin (hC3H). (Cumming et al,
Glycobiology 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 irnmune system,
pharmacokinetics, and specific bi016 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



structures nediate rapid clearance of the glycoprotein fromthe bl oodstream
t hrough 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)). [0004] Mammali 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. (Cunm ng et ., Gycobiology 1:115-30 (1991);
Jenkins et alL, Nature Biotechnol. 147975-81 (1996)). Bacteria very rarely
gl ycosyl ate proteins, and |ike other types of comon hosts, such as yeasts,
filamentous fun sect and, plant cells ield gl osylatlon patterns
associ ated &% f@%%‘“@%&%ﬁ%é‘“ﬁ?orﬁq ﬁéa“&ﬂ%%o‘& Tt haEdsi rabl e i nune

i nteracti onSgtrdfeks méala‘i@gldm%n& 6f 5he $BRopro@AURGS i NbRekGal activity.
Anmong manmal i an cells inese hanster ‘ovary (CHO cells have been nost
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gl ycosyl ati o, mﬁ&wmbo&&%ﬁ@ngg&hﬁdes@éd'ﬁmu Qf&égh%wtienﬂﬁpar tion of

genetically stabl égf) uctive clona I'I nes ey can be
cultured to NWQWR:I@H@WP@ ;9 5:1313(|1?ﬁ§9)e bi oreactors using serum free nedia,

and per he d o, . Qther
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ani mal s has ;,ggu ol . 14:975-81
(1996)). 1008@%%]? antl bo ﬁl(}:%ﬁéﬂal n car al gﬁ‘gét%l%é% irtgs at conserved
posi tions i n(198heJnkiay g @lhdi’qmrs@mx&mlrmriﬁ (19@&)}1 Ea;tt&man@m ype possessing
a distinct e vari ably affect
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of processing, can I nc nnose, nu &E)P%in %ed as well as
bi ant ennary nmmleep(ec:ﬂcmgsrsaemtaaihdbgmal a@MﬁtngOngmaumnﬂmﬁ/bﬂls; son, S. L.,

Trends Biote 1 iLcal l t here is.,heterogeneous
processi ng oﬁﬂ't[]??g%%rg%rOgﬁggggﬁéﬂlﬁpy‘%gcﬁq%&w §8 %at a particular
gl ycosyl at i olstawd éecsdnehlntahdmmﬁtugnmgmmble(gmbsyhﬁbmﬁmﬁmasheaaeem as - 3-
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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 amimals has also been tested. (Jenkins et al., Nature Biotechnol.
14:975-81 (1996)).

[0005] All antibodies contain carbohydrate structures at conserved positions in
the heavy chain constant regions, with each isotype possessing a distinct array of
N-linked carbohydrate structures, which variably affect protein assembly,
secretion or functional activity. (Wright, A., and Morrison, S. L., Trends Biotech.
15:26-32 (1997)). The structure of the attached N-linked carbohydrate varies
considerably, depending on the degree of processing, and can include high-
mannose, multiply-branched as well as biantennary complex oligosaccharides.
(Wright, A., and Morrison, 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



mul tiple glycoforns. Likew se, it has been shown that mejor differences in
anti body gl ycosyl ation occur between cell lines, and even m nor differences
are seen for a given cell line growm under different culture conditions.
(Lifely, M R et al., dycobiology 5(8):813-22 (1995)). [0006]

Unconj ugat ed nonocl onal anti bodi es (mAbs) can be useful nedicines for the
treatnent of cancer, as denonstrated by the U S. Food and Drug

Adm ni stration's approval ofRituximafp (R tuxanTM | DEC Pharmaceutical s, San
D ego, CA, and Genentech Inc., San Francisco, CA), for the treatnment of CD20

positive B-cell, lowgrade or follicular Non-Hodgkin's |ynphonma, Trastuzumab
(HerceptinT Mnu%[@%l&&%}mlsn%ﬁwﬁ&r1tthE'sebéef1%ﬁ$\ﬂPfNat ﬁsjoﬁémfeﬁ@eg ikl éast cancer
(Gillo-Lopez, ., Semn. Oncol (1999); Col denberg, M
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mai ntai ning a sj production. praocess and potentially avojding

si gni ficant, P%‘H’n&"fegblf"é’ %?d&é‘rg‘ﬂ%"glﬁ °n'H?‘§gk{”(§ {Pur al ,

cel é] medi at e@{&EJpEEWOVG&iéBﬁEH @ﬁ% o thmmam opﬂﬁh:&%@'bi-éa& dah@k 1

ol i gosacchari de conmponent (Umafia, P. et al., Nature Biotechnol.17:176-180

(1999)). | gG(Crlplonsats- Ho @l dsSemin Onagis36:060THBPA%); GridsaberaMiModi es i n cancer
i munot her apyy;, arg.,.d Qﬁ&]? € fer, nked

gl ycosyl at i o)r?hsll tﬁ%ra%y%@%@gﬁb?ﬁeé &%%d%&% Th%,eﬂ%v\o C‘Jg{r]%pl ex bi -

ant ennary ol wgmﬁﬁnmnﬂemtaftempkﬁdmttmﬁdmﬂ%kwe,abdlAleaﬂuzbmabveen the CH2

domai ns, for e.cont ac W bone, and their
presence is g@é@ﬁ%@m %ﬁ'ﬁ“ wfs&gﬁ Bg)gﬁggﬁg%pgﬁ nctions such as
anti body dEpeﬂﬂ@fdmdl?bbhﬂcﬁﬂic 160kkefia0 Thedubybsy ANt produiclsedligs novbniR. , et al ., -4-

on their efficacy but also on their outstanding safety profiles (Grillo-Lopez, A.-J., -

etal., Semin. Oncol. 26:66-73 (1999); Goldenberg, M. M., Ciin. Ther. 21:309-18

(1999)). In spite of the achievements of these drugs, there is currently a large

interest in obtaining higher specific antibody activity than what is typically
afforded by unconjugated mAb therapy.
[0007) One way to obtain large increases in potency, while maintaining a simple
) production process and potentially avoiding significant, undesirable side effects,
is to ephance the npatural, cell-mediated effector fimctions 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-
antennary 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,




G ycobi ol ogy 5:813-822 (1995); Jefferis, R, et al., finmnol Rev. 163:59-76
(1998); Wight, A and Mrrison, S. L., Trends Biotechnol. 15:26-32 (1997)).

[ 0008] The present inventors showed preV|oust t hat overexpression in

Chi nese hanster ovary (CHO cells of 0(1,4)-Nacetylglucosam nyltransferase
11 (&G1TlIl), a glycosyltransferase catalyzing the formation of bisected

ol i gosaccharides, significantly increases the in vitro ADCC activity of an
anti- neurobl astoma chineric nonocl eéal anti body (chCE7) produced by the
engi neered-CHO cells. (See Umana, P. et al., Nature Biotechnol. 17:176-180
(1999), International Publication No. WO 99/54342, the entire contents of
each of  whi Glycobislofe581B/8I2NA9INOTettes] ROYer e f BirBGEREN 1ER89-16 entirety). The

anti body ch bel on to a large class_ aqf unc ugat ed mAbs whi ch have
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(1999)). ThabaBsierdgvana SCHRR epfiwf ﬁ(b4)sﬂmty1shaqswlj@nafﬁe%ee%es of ADCC
activity coMt@ﬂﬁﬁ) OQ;%ISYE&?I g cialel rb%ﬁfgh gshﬁe foraatibP OSlY -Hide@glici Ng cells to

express GnTM _whi Ch to an in e in the proportion of constant
regi on (Fc) - aligpstschandes, sighi§eantlp incespscy o virarAIES activityiof aitntig bi sect ed

f I d
natur al 'y ooaroel A BEORAL WffiSrioBP O (XD Drodlbl ek e ot gt udies
suggest t hat efggnecrsd &5 eellde (Sen Yaraiia, BmpttiamamBivmthrd Rtig6d@bst antially to
the action OL 199 tﬂEe%S?ﬁ?ﬁﬂﬁ%Bh%. %BB&&@,&:&’ etofiE +f%9d Gpte that an
unors wou i'nd " pr Ia

optimal anti agal ns ef erent to activation Fc
receptors an@lfhmhrarenhe}mby ineprpduged bphidfirense yn Peirtentuety). FéfiaRlahtB’odjd ynes, R A,
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results of aaﬁihlﬂzasnd ap:mﬂcslyulﬂy h&wgg:ehﬂtlapﬁaﬂaytthbe elmydally hfulevbept or i n

particul ar |s tr of ..ant i gody t her apy.
(Cartron, rody ?egg?st%daéﬁglg t@%f‘% ?é@%%@"éya p’That st udy
showed t hat epﬂtNmt@zmwgbmﬁ-fmr(lgw)amatamhﬁwaﬁeﬁﬁti‘oehow esponse to
Ri t uxi rnab t het er oz ts.,.The .aut hars concLud d that the
superi or resﬂ’&ﬂ ﬁﬁgfogﬁcge"t’b‘é‘& ?OHI‘\/I?"V%MT}F% nﬁ‘gg’lee% %nti body to
FcyRI 11 a, V\Ihhﬁﬂboﬂﬁﬁmﬂicﬁik dells $0 @kréss GnHI, 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 Fc-receptor-dependent
mechanisms coniribute 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
FcyRIIB. (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 FcyRHIa 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



ADCC activity against |ynphoma cells. (Cartron, G, et at, Blood
99(3):754-757 (February 2002)). [0010] In addition to ADCC, successful
anti-cancer nonocl onal antibodies often induce Fc-independent direct

signal i ng nechani sns that regulate target cell survival, proliferation, or
death by activating cell signaling cascades or blocking access to growh
factors. (Selenko, N., et at, J. din. Imunol. 22(3):124-130 (2002)). For
exanpl e, treatnment of CD20+ B cells ¥ th Rituxi mab has been shown to induce
conpl enent - nedi ated | ysis and Mab-induced i nduction of apoptosis as well as
ADCC. (Selenko, N., et al., J. din. Immunol. 22(3):124-130 (2002)).

Mor eover, thAIRC sctivitpdgainadyopitmapeljst (Girteonof., depipiiomd@9@GEeT4s75Mot only kills
the cells but(%%l o) ﬁzﬁm es uptake and cross-presentation of |ynphoma cell -
derived pepti §“aﬁ5§/ :9 igen-presenting dendritic cells (DC), induces

mat ur at i pa10]of DCIn adfitio@dol XIVEC, shegfulfitiadah i mohockelGhiibodieCyfte@t OXi C T

| ynphocyt es .CTL%) . BRI EF SUMMARY THE | NVENTI ON [ 0011] Recogni zing the

t r emendous té‘l'@r“ﬁ g&ﬂdepeﬁﬂ?ﬂé#ffp‘%ﬂga g peahanas tha ’Eeﬁula"ieﬁ?:rlg%ta%eﬁd Fc receptor

bi ndi ng af fi Riulvival prolifenios,ds Sshityfa8%iabhig dUREhAING cadchiRs IUERRAE | nventors
devel oped a net hod for_ producing such antibodi es which involves engineering

the gl ycosyl &e§esniogrth fastosy (Belenkanils by Kdinr Byraal 2300%2%13%he present

invention is seHdiper Skdnid, Gathent B2 I0INGS Bf Qlis Fith FORRABERE btd host. cells to
alter the glycosylation profile of one or nore polypeptides produced by

that host celshownrteingperomelegrnnedited, livie ;s Mabningiced, dndyction 93y oduced
theraepeuti C 38O wRR 20ADEC BN, 8 oY C.0 BYh. Fidnibr 12835 R-F38 T €gi on,
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including reduced fucosylation, wheréin the antibodi es have increased

ef fector f und2G08n- Merrgress the Rispxémahinduced aneptepis oflymnheme pdls @t oBlyr esul t of the
modrfied gl Y%M@éen%tallsoy?@m&ké&@@a?ﬁm%?- thsdidiioR Ofighofila chifte present

invention are particularly usef ] erapeutic treatnments of tunors
i npati ents. |deritnd@enrtidsoln sntigenspresepfiinghlendritic splisdDChinduprs magyetioni on
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preferred enmbodinent, the fusion constructs are coexpressed with a nucleic
andior 3 <6 mucleic acER R B e R ot do i ch Gt
catalytic activity. In
[0011) Recognizing the tremendous 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 Fc receptor binding as a result of the modified glycosylation.
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 GnTIII catalytic activity or GalT catalytic activity. Ina
preferred embodiment, the fusion constructs are coexpressed with a nucleic acid

molecule encoding a polypeptide having human ManlI catalytic activity and/or a



yet anot her enbodi nent, the gl ycoengi neered pol ypepti des of the present

i nvention are produced by a host cell glycoengineered to have increased
expression of a nucleic acid nol ecule encoding a pol ypeptide with Man 11
catalytic activity. 10013] Accordingly, in one aspect the invention is
directed to an isolated nucleic acid conprising a sequence encoding a
fusion pol ypeptide, wherein said fusion polypeptide has
0(1,4)-Nacetyl glucosam nyltransferase 11l ("G1TlIII") activity and
conprises the CGolgi localization dofmain of a Golgi resident polypeptide. In
one enbodi nent, the fusion polypeptide conprises the catalytic domain of
0(1,4)-Nacetyl glucosam nyltransferase IIl. In a further enbodi nent, the
Colgi | ocalﬂuél%tdaﬁiﬂrﬁhlemlemnd:m@;ﬂlypmdémm&nffﬂ oghBtpagidfigi Bt i ng of the

| ocal i zati on osidase I], t | oc I|z i,on domai n of
(3(1,2)-N a’f?éta?‘l’ ‘I’ruﬁﬁ?gﬁ?"l‘fg "f“? CPREIRERe P@’ Weprf’*i?ﬁtal i zati on donai n
of (3(1, 2) - Nnvengied %}egblu@mamynwmbrtadaﬁf%em&egﬂaewﬁ t@fh-ﬁbé ‘mareabdde | ocal i zation

domai n of mannosi dase |, .and | ocal 1 zat1 on, domain of al -6 core
f ucosyl t r ans¥BFessien off 3 naclei aeid anqlecylecsnporting  polypeniide SothaYian Thucl ei ¢ aci d
sequence CONpiyRlctivg. nucl eotide sequence depicted in FIG 24 or FIG 25.
I n anot her preferred enbodi nent, the isolated nucleic acid sequence encodes
a pol ypd3lde havicaerdingly, ingng aseechibs wveaniguisdirecteidp iiseleted MckicG, 24 or FI G 25.
[n vel anot Rels RBHERE Féby u&@@%b&iﬁ%“éfum%ﬂ@olgﬁegh@é SeldiiGhififGicc d _sequence

ol ypepti

encodes a p havi n amno a equence at least 80% i dentica
to the am noPWﬁl@éQﬂﬂh&bNraqﬂﬂgmcomﬁmﬁﬂ@e g Gy Daetivily anot her aspect,

the inventi 0gqicSm sing a sequence
hdcom ypeptg{fgcﬁ&a oﬁ%tﬂ@nﬁgf usr O?{Fﬂo fl

encodi ng a fusron erein sal pepti de has

(3()1 4) - gal armecﬁy;bmhmntst@r deséon( podypieptidp campnsmtﬂgc eatedytwotopreises the  Col gi

| ocal i zat i ong . gﬂglg& i enbodi nent, the
f usi on pol yp ep’t?@l tgl lur@?sses 'ﬂlﬁ ca yt| c ona%h%?#’g?éi@%-

gal act osy| t rlasalizationglemainris asletddefrons tzogibureernsistirgeoff the looaljzatigrpept i de

conpri ses Lg:?naﬁ?tgf yxh}mcn %o%gr Ofl.he( %éla%xéla)uogaldg&gﬁsyoft I fl\er ase. In a

further ment ocal i'zat 1 on donal cted fromthe
group con3| saqety@hmbsatdmyltrdnsfemhe IA&6aTn), the hgilivatén dromirosti Bdh%)eN-I I, the

| ocal i zati on gt%@'cgsagngnyﬁtm&ls e IYI -(ZGD.TII”), the localization domain of

mannosidase I, and the localization domain of a1-6 core fucosyltransferase. Ina

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 & 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 B(1,4) galactosyltransferase. In a further embodiment, the
Golgi localization domain is selected from the group conmsisting of the

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




acetyl glucosam nyltransferase I ("GaTl"), the localization domain of
13(1,2)-N acetylglucosam nyltransferase Il ("GTlII"), the localization
domai n of nmannosidase I, and the |ocalization domain of al-6 core
fucosyltransferase. (0015] In another aspect, the present invention is
directed to an expression vector conprising an isolated nucleic acid
conprising a sequence encoding a fusion polypeptide, wherein said fusion
pol ypeptide has [3(1,4)-N acetyl gflucosam nyltransferase |1l activity and
conprises the Golgi localization domain of a Golgi resident polypeptide. In
one enbodi nent, the expression vector encodes a fusion pol ypeptide
conprisinga@ﬁﬁ@n@ﬁaﬁyﬂhmm&mnalﬁGmTP @&ﬂp@ﬁzﬂbmd@mﬁybgmuﬁbyaninyItransferase

1] andth tion omth group consi sting
of the Ioca‘fe@%lgéog @#ﬁxf@%% Irlraﬁr%’ Eh I :[oca]ﬁﬁg 88’5’33 Zation domain of
13( 1, 2) - N- amadosidgdelcosials lngalhtammaéxﬁmsﬁall ﬁcdrbﬁmbgmmfha}w on domain of

13(1, 2).-N-acety] gl ucosanui nyl transf er.ase ) | he | ocalization domain of
mannose%}};e I, %%Wﬁﬂéﬂ%a@??‘f%?mw %‘Hﬁpﬁe‘"’@ﬁ SFEBPRY Ef"%?(t,osyl transf erase.
[0016] In aﬁlﬁﬁrﬂsﬂfg ASRAEd ndchs: &Icﬁ@ﬁiphsmg\é%eﬁdeﬁd% dnodilig £fiki0fl t0 an expression

vect or rising an.isol at e cleic a I d conpr|5|n a.sequence encoding a
f usi on E&b’%‘}?f& Ye, WEERei rF ¥hsi oT?P Ydseptetie FASH-N-

13(1, 4) - galaaeétogﬁwsﬁxﬁﬁ @&Sma&ﬁdt’}/bﬁd’c sésqmngﬂscalm]oﬁol gi localization

dormain of a resident pol ype(gtlde I'n. one e di ment, the expression
vect or encé‘ﬂ'@%‘né’ £ f2alg Tesidspt BAISPHAdSe Tn Shp FILPIGERtHBe EXRISFIOR] ¢ domai n of

13(1, 4) - gahéﬁéﬁﬁwdéiﬁﬁﬁéﬁﬁo%?@]tﬁ%@omﬁrﬂﬁl g 4R cllyliOGRlaioRpl1@ndomei n is sel ect ed

fromthe group consistin |'ocal’i zati on domai n of “mannosi dase |1, the

| ocal i zat | éwtﬂéﬁ%ﬂsmvlﬁmf@fasz}ll apd the Gelgr lrdlizationdomeindy sekestedr ase 1, the
| odal i zat i GRxCRERIdAp Upnstsbind of e Nocaltiol B Yk b her ase 1, the

| ocal i zati on domal n of mannosi dase 1, and the |ocalization domai n of al-6

core fUCOSW@@H@?@%@fﬁﬁmi‘ﬂww&gl%wm@éﬁéﬁkth?h@ﬂhp?t@gent “invention is
directed tqﬁ‘%{“ﬁ%ﬁ 8N we@@@g@g@gﬁa&eﬁwg}g SSfidabi &gnwé-es& on vector.

[0018] In a aspect I nvention I's rected to a host cell
engi neer ed W@m@s@d{ﬂlﬁ ﬂoeeémtwgdemmef@l éc@reﬁ@omaﬁmge a fusion

pol ype hay gi%gl;]f‘f g?g@g tf«@.@sﬁf 1T ("GaTlH™)
actiw@mﬂn an gqﬁgtant su ?#Eﬁ%ﬁﬁhﬁgghﬁﬁ tdﬁéedno gosac%ﬁogri des in the Fe
regi on of aompuringpayiselated puctivieiticdmprising afﬁs@-ten@edandMﬁmon sai d pol ypepti de
produced b %dﬁwﬁép%de, wherein said fusion polypeptide has B(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 §(1,4)-galactosyltransferase and
the Golgi localization domain is selected from the group consisting of the
localization domain of mannosidase I, the localization domain of B(1,2)-N-
acetylglucosaminyltransferase 1, the localization domain of f(1,2)-N-
acetylglncosaminyltransferase I1, the localization domain of mannosidase 1, and
the localization domain of «.1-6 core fucosyltransferase.

[0017] In another aspect, the present invention is directed fo a host cell
comprising an above-described expression vector.

[0918] 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 p(1,4)-N-acetylglucosaminyltransferage 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



-8- host cell is selected fromthe group consisting of a whole anti body
nol ecul e, an antibody fragnent containing the Fe region, and a fusion
protein that includes a region equivalent to the Fe region of an

i nununogl obulin. I n one enbodi nent, the fusion pol ypeptide having GTI |
activity conprises the catalytic donmain of

0(1,4)-Nacetyl glucosam nyltransferase |11l and the Golgi |ocalization domain
of a heterol ogous Col gi resident -pol ypeptide selected fromthe group
consisting ofthe |[|ocalization domain of mannosidase |11, the |ocalization

domain of P(1,2)-N acetylglucosam nyltransferase 1, the |ocalization domain

of mannosi @ageell is seléchd fronP®e blodREdnSiBtidOTR whoRfantibody molecule, an ,
0(1,2)-Nacetyl glucosam nyltransferase |1, and the |ocalization donain of

al -6 cor e 2iRod¥ frremeaheqiqyagthe Hosgon. and 2 Ssioppeticiaditiaeludespe present
i nvention !r%‘i&ﬂ oS hIEH 16 Phedrc RGN d;%imm%gw@ﬁmﬂoh@en%&ﬁﬁaﬁ at |east one

nucl ei ¢ aci d encoding a fusion polypeptide having .

0( 1, 4) - gal deafosion nohypeetidehayes GniEH|aptivity gempriges the cafalyie domainnf sufficient to
nodi fy the pgf 118 'Qﬁﬁ:r' HON: iatiBR i dREPis.de produced by
the. host B@élf)lq?ﬁ%\/ﬁ}gélgt{oh sa.%%%‘%p@%?‘?@gbg’?‘olg%é‘%élgﬁg sal ngahost cell is
sel ect ed f hgtsoidgeus Gpigiugsidsotpolypentidgsatected fromdiegraupotsstiyg aoftileecul e, an

anti body fragpenat GORLRIP! %S%héq&f&h%g%ﬁ@%?%hyﬁm_wr otein that

i ncl udes a region equival en reg nogl obulin. In one
enbodi ment acdtylglufassminpibahsfiresetl theelobriizativg doain Bf satmosidese Ictepr i ses t he

catalytic dommin of, O(.1 4 act osyl.t r ansf er as e ol gi localization
domai n of go € Q?%|dgr§éil3}so)¢gﬁg%ﬁfg°§§%%%{“%§r%gﬂ5 aﬁ%gdﬂ’s%q%e&eed fromthe group
consi st i ng ladfalizakien doncan ofxdt6 ewne ficosgitvansféramnnosi dase |1, the localization

domai n P(1, 2)-N acetyl osam nyltransfterase.l. the. |qcalization domain
o maniche e T RS Yol 5O SRR imshRRS xCiRRE o4 Bt oo

acet yl gl uc eaginsernl tb eapradset Bag ohé mucldicladid enchdiog b ifasddn miypeptidei N of al -6 core
facosyl transf.er 0020]. Preferably, the Golgi |ocaldzaiion domain is from
rmnosi daodiTiE LUt T sty g amesGREab oy

al ternati vgﬁqﬂéfygﬁlcﬁiggﬁsghbﬁde?m@eFam?onoEQ@&]gi)eplﬁﬂepﬂaoﬁda@by&ﬁpect, t he present
invention is directed t. usi.on pol ypept.i de havi

001 4) - N adBtyH FiEER s Agp T PRt R b e O F A OB B | si ng ¢ he

Gol gi | ocalgrgiplebidtifiosfiwvhoRian@bodPindleahle,an sibeay Fignicgtdot@iingP0l ypeptide. In

one enbodi hent, the fusion pol ypeptides of the inventign conprise the
catal ytic the Fc region, and a fusion protein that includes a region equivalent to the Fc

region of an immunoglobulin. In one embodiment, the fusion polypeptide having
GalT activity comprises the catalytic domain of f(1,4)-galactosyltransferase 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-acetylgiucosaminyltransferase I, the
localization domain of mannosidase I., the localization domain of B(1,2)-N-
acetylglucosaminyltransferase II, and the localization domain of #l-6 core
fucosyliransferase.

{00201 Preferably, the Golgi localization domain is from mannosidase II or
B(1,2)-N-acetylglucosaminyltransferase I or, alternatively, galactosyltransferase.

[0021] In another aspect, the present invention is directed to a fusion polypeptide
having p(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 compris;e the catalytic
domain of p(1,4)-N-acetylglucosaminyltransferase IIl. In another embodiment,



domain of D(1,4)-Nacetyl glucosam nyltransferase M In anot her enbodi nent,
-9- the Golgi localization domain is selected fromthe. group consisting of:

the |localization domain of nmannosidase I, the |ocalization donain of
[3(1,2)-N acetyl glucosam nyltransferase |, the | ocalization domain of
mannosi dase |, the |ocalization domain of

[1(1,2)-Nacetyl gl ucosam nyltransferase |1, and the |ocalization domain of

al -6 core fucosyltransferase. [0022}- I n another aspect, the present
invention is directed to a fusion polypeptide having

[3(1,4)-gal actosyltransferase activity and conprising the Golgi |ocalization
domai n of a thet@ulgil iogizaiofalokinrie seldeed frpml 81 eiunp densisting oftethenbodi nent, the

fusion pol ypept.ides of the.invention conprise. the cat i.c. domai n of
[3(1,4)- gal g’&‘ilt?é?ﬁnt %%@%@’é‘?ﬂ%ﬁegﬁn&%@%& OH’éH’t?a*J ﬁ@@'&l gi

| ocal i zat i onaddeN@LddsdnfinyiefsREbET the l0dlikRn A6ALIR of AAGicsidhdad, e . t he

| ocal i zati on, dopai, n of mannosi’gase 11 the |l gcalization domain of
[3(1, 2) - N- aclorslization: demman rif | B anNrasetylglucpsaminyliransigrasy (L And ghe donai n of

nmannosi dase {ocallz8€od Rl Fal 6bredmRyIRaRferdsd( 1, 2) - N- _
acetyl gl ucosam nyl transferase |1, and the | ocalization domajin of al-6 core

f ucosyl ML er asle anqtrggepyotithesreseatinkentioriadicssted fo 4 fevonmobaentid dormain is from
et ey bhvis¥Be bahoiybindE Ao 6/ SASARRANLE hE0SEAEARRE ( T 1) Of

alternatively, galactosyltransferase ("Gll™). [00 I n anot her aspect,

the present Hemainef dhetsralognus Selebtesident polypenide Fome epbesimentai§ea f usi on
pol vbept | de gk iGibaiedte ¥ AGGKNL GhEASHD QML ABAG ATA ol | activi Ly

conprising culturin ost cell of the invention in a nmed dm under
congi ti ons abBHesipsiiransiwasex braastbprembedimente the Gole fasalizetion domebdb ng t he f usi on

pol ypepti de | £ ISk : | Jshgseesul t ant
culture. In Q%%égd?ang]\gg‘%%%t%%%@ﬁﬂ%%%ﬁ%@&%&d‘g‘%mr| segg the catalytic
domai n of [ $e1lagyliznticne dombin| ofc B6ladiidhygtetylgincosaningbransferase % ether abl y, t he

usion po ypﬁ&) Eon ehfﬁ] pg%ﬂas% %gelose doglgégin?.?loﬁo IZPNQ a

het er ol ogous gl resi ypept i ec €” group consi sting
of the | ocal acegtiglososaningiransfefase i rand shel bwalization démeaih of allitzedre on domai n of
(3(1,2)-N aﬁﬁ£%h I am nyl transferase 1, the |ocalization donain of
mannosi dase [, the ocal i zati on domai n of

0(1, 2) - NoeRs¢t yl gl (Rrefsmbiy,ntht Golph ddcelizatien Homaim ixifrérhenannosidase If or
B(1,2)-N-acetylglucosaminyltransferase 1 (*GnTI”) or, alternatively,
galactogyltransferase (“GalT™).

[0024]) In another aspect, the present invention is directed to a method for
producing a fusion polypeptide having p(1,4)-N-acetylglucosaminylransferase
IIT activity comprising culturing a bost cell of the invention in a medium under
conditions allowing the expression of the nucleic acid encoding the fusion
polypeptide and recovering the fusion polypeptide from the resultant culture. In
one embodiment, the fusion polypeptide comprises the catalytic domain of
B(1,4)-N-acetylgiucosaminyltransferase III. Preferably, the fusion polypeptide
comprises the Golgi localization domain of a heterologous Golgi resident
polypeptide selected from the group consisting of the localization domain of
mannosidase H, the localization domain of B(1,2)-N-
acetylglucosaminyltransferase I, the localization domain of mannosidase I, the
localization domain of PB(1,2)-N-acetylglucosaminyltransferase II, and the

localization domain of a1-6 core fucosyltransferase.



| ocal i zati on domain of al-6 core fucosyltransferase. -10- [0025] In another
aspect, the present invention is directed to a nethod for producing a fusion
pol ypepti de having 13(1, 4)-gal actosyltransferase activity conprising
culturing a host cell of the invention in a medi um under conditions

al l owi ng the expression of the nucleic acid encoding the fusion polypeptide
and recovering the fusion polypeptide fromthe resultant culture. In one
enbodi ment, the fusion polypeptide ¢gonprises the catal ytic donain of
13(1,4)- gal actosyltransferase. Preferably, the fusion pol ypeptide conprises
the Golgi localization domain of a heterol ogous Gol gi resident polypeptide

sel ect eqoospm t he 86t &hesﬁn‘eﬂﬁt ﬁfveﬁtﬁﬁ ib aeadiezat 4 aptdans n of
mannosi dase |1, the |oca zat i on

of (3(1, 2) - N-Biedciaeg tﬁ'&?&fslal?’ﬁ anqeérwmsr%(éé)—gﬂaeﬁqﬁ@mwmv@h donai n of
nmannosi dase Jmnﬁhgiﬁg %@%ﬁg# % Bbdt Qéﬁ d‘%‘&i@h{ ,nﬁ 1 ﬁ(a]m%%unNinder conditions

acet yl gl ucosar erase , ano I zat1 on domaln of al-6 core

fucosyltr ans#lb’ﬁva@éhe PrOEGSHIN qﬁth@frr@plaqg lagid emmém@ieg’qum@b’l)#mdp pwh domsu nis from

d 1
Dol ot osyi ¢ reveyhing Yl rElon haRbidOLUEORRT M BIRLE SBPohe 0T lion is
directed to enbedinkent ﬂie(ﬁlsml)phlmm@ cpmen@bmsalm domaiproéB(li4- of a
pol ypepti de %Lﬁé% )?l g‘ls%}(as@ plgﬁ,} (f;? fﬁﬁgpéd%legvec 091&){;1%?[{%]@9@ nto the host

cell at |east one nuclelc aC| expr es I nventi on.
Preferably, bb@zwln)dpspmiotlehetsolbg@s@olardsxd@gmelypenﬁﬂesekﬁedd‘mm aining the Fc

ro9i on Of L PALPERLIASy of Tn RBALGHBHLE B SLELLAN.CROGH Tont . the

pol ypeptide 1's ragmen ereot contal ning e Fc region of the
pol ypepti de. Ionﬁdltzﬁmndbmmabf/ﬁ(l @}a}hpﬁylgmenpsamﬂugltﬁmfmséuﬂjemmamml n that

I ncl udes a qui v nt t.o Fe r of. a G [00281 In
anot her aspectliﬁ F r?f’fei%sﬁ I's Hé%ctag Oli%lflhoog ;ngz)p]goduci ng a

pol ypepti de acmytglﬂwm;gdﬁdnsfemmﬂr asd the: loéﬂi)zatmuldomaimgf al-Boske cel | engi neered
to express at |east. one nucleic acid encoding a fusion pol ypeptide having
13(1,4)-N a f&®€ami nyl transferase |11 activity or, alternatively,
13(1, 4) {002q] act oﬂéﬁmﬂpﬁﬁew 1§calzukidn )iomahixs/iﬁbm mumdﬁﬂasé(mdi ti ons which

permt the tiop of a |de ed “Eﬁ_ roup consisting
of a whol e gd#?#\ &Bﬂ"@@fﬂ“@? aéﬁ‘ i na)h ing the Fc
regi on, [eod) a fUSIh@ﬂlrtheraspect, the invention is du-ectedto 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 f(1,4)-N-
acetylglucosaminyltransferase III activity or, alternatively, 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



protein that includes a region equivalent to the Fc region of an

I mmunogl obulin, wherein said fusion polypeptide is expressed in an anpunt
sufficient to nodify -11- the oligosaccharides in the Fe region of said

pol ypepti de produced by said host cell; and (b) isolating said polypeptide.
Preferably, the fusion polypeptide conprises the catalytic domain of
P(1,4)-N acetyl glucosam nyltransferase Il or 0(1,4)-gal actosyl transferase
("G1T') and further conprises the &1 gi |ocalization domain of a

het er ol ogous Col gi resident polypeptide selected from the group consisting
of the localization domain of mannosidase |11, the |ocalization domain of
P(1,2)- Macemyb@wmmmmermﬁs@ﬁfc&mdbolyp dé plﬁdiicbtiﬁ)t'saﬁhosdomil n of

mannosi dase |, the | zat.ion dongi n of

acet yl gl ucos‘&%ﬁ?ﬂfbbéﬁi@égégléﬂqyp et t’r’éeff’fé %Eaf?ﬁ‘?fhpﬂmfl# of al-6 core
fucosyl t ranséoﬁ:{pﬁ@me'cﬁtaﬁzﬁ@&&ﬁdi@étﬂ%ﬁw eosiﬂiﬁyll&%s‘f&%ﬂlgﬁ produced by
the host cell has increased effector functlon and/ or increased Fc receptor

bi ndi ng as aP(lAbgaisctosglrapsirassy {iGa L at prsh . further pgomennisey dhe yOplgkf err ed

embodi ment s, 1obdkeatiodAbRaRSEa h&érEI%%&@rGoiﬁ %ﬁbﬂ%o!yﬁeﬂhﬁ&&e@&%@%oﬁp medi at ed

cel lular cytotoxicity, 1 ncreasedbindng , I'ncreased binding to

macr ophages, the respupa sedisting of ribe desaligghion yomain of meprssidess Bi el ng t o

pol ymor phon QR apopt osi s,

I ncr eased dgﬁgﬁt}%ﬁéﬁ]?ﬁoﬂfﬁgﬁﬁ%ﬁ%@ r1 I ncr egge r"S'Ii':'ﬂh(%dg primng, and

t he i ncr easedpuRin r@%e@@m@ﬁdﬂngﬂﬁs lmbzaérasedomamdnﬁg b2 Fc activating

recept or Suc&e@?f‘é%%ﬁﬁﬁns@fa@é ﬁrgg Yhe foRGizRenYdX gﬁgi gxhighl ting increased
n an Ji

ef fector functi | NnCrease C receptor |s an anti body,

ant?body f r fugorelitansfespsef @pmﬁnmmwmmpp@mh®m@@mmyé@| val ent to the

F f f

ngnf 521)2& gthc%ﬂ:ell |go(£s}g%%:{1cﬁ)éﬂ}é glgﬁsjﬁ‘&l t Or%{hrage&gfgg&%?%g%?g n gzo?her aspect,
t he invent | oresulisof thiernaasti fandtioro Ippaxtieniaskyprafersdd embodiposts, thednaeaseshpr i si ng t he
ant body, AkBRekald AR asCORL ALBAR NG ShoonlofFiMlacdbickiis! on PO vPEPL de

containing t c reg an |nnun e rnvention, and to the
use of such m}ﬁﬁaﬂilﬁ,anmchMdmmophagﬂ,ihmashrébmdmmmmﬂ tunors, such
as cancers, r ers enbodi nent.. . t he treat nment is B cell
Gopl ot 1 on by teaienFRgls BA D theh AR IR PRk sehReind i "0 Such

phar maceut i cglopeisyingedseddendriticace]d atatveation, ad@r incleased T, cell pnmegpl t her eof .
and the increased Fc receptor binding is increased binding to an Fc activaling

receptor such as FcyRITIA. Preferably, the polypeptide exhibiting increased
effector function and/or increased Fc receptor binding is an antibody, antibody-
fragment, or fusion protein comprising a region equivalent to the Fc region of an
immunoglobulin and has an increased proportion of nonfucosylated
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 administering a therapeutically effective amount
of such a pharmaceutical composition to a patient, e.g., human, in need 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-



In yet a further aspect, the invention provides a host cell conprising an
expression vector conprising a nucleic acid nol ecul e encoding a fusion

pol ypepti de, wherein said fusion polypeptide has 0(1,4)-N -12-

acetyl glucosam nyltransferase Il (GhT I1l) activity and conprises the ol gi
| ocal i zati on domain of a Goli resident polypeptide; and an expression vector
conprising a nucleic acid nol ecul e encodi ng a pol ypeptide, wherein said

pol ypepti de has mannosidase Il (Man-12¢) activity. In preferred enbodi nents,
the fusion polypeptide conprises the catalytic domain of GhTIIl and the
Golgi localization domain is selected fromthe group consisting of the

| ocal i zat i Onacefl@ghiRioRantiylihbefirasé @ (GHT @Y wabinPmddeprisesahe Golkl, t he

| ocal i zati on, dopmi.n of , GnTI & .the localization domai n,of Maul, and the

| ocal i zat i on'oG¥HARGR dmain of 0N grsident ROG@GRUIF NS A8 XRIESSIqMVeEE  enbodi ment ,
the host cel borfitHsinBed meciP aki8 &folédile ErcBEIRS Sl OkyHBREOGHIMY a pol ypepti de
having GhTll activity. The nucleic _acids nol ecul es encodi ng the fusion

pol ypept i de, Pelyrerhdn hasyapmpsidasy HMan Ihackivity. Ja prefarmed embpdim pol ypepti de
having GnTl | ﬁéﬁhip\biy%%pﬁ@:amﬁﬁ%s ﬁ% APl RRRAN T GIANSRE RO GYREL Or S or the

same expression vec n an additional aspect, the invention is directed

to a host celdcalizatigar dosapgis sgigcied fractbe eipuy eensisting ofnihe iledelizption nucl ei ¢ aci d
mol ecul e encggi ng oo itﬁ%ﬂoca‘ﬁ%t@%m%féﬁ@ﬁ%il&éﬁ?ﬁugnfdgﬁm%fp0| ypeptide has

p(1,4)-gal actosyltransterase | activity and conprises the Gol gi
| ocal i zat i onGe&Hzethe looflizatioBsiogiainraf Maddrand thsdeopheapion demaimpfio-dif- expr essi on

vector conpr|SkLl | ' P?I | - tide, wherein
sai d pol ypep%(?gzlgﬁ%é&ﬂn%ﬁ%egiﬁggg 5 ﬁghﬂreltﬁg%glg%?%gg%%ggrpef erred

enbedi ment s, expessibw ¢ctm epwidingayrolpeptisio hpyihs 68 TH hetivityatlak pudldc domai n - of

GnTiIl and t | | el L1 4l . gr oup

consi sting o%ﬁ?‘%@éﬂ% %%g%%ﬁl%g%n%&%ﬂ@%%ﬁhﬁ%hggé@gg%‘{lgzé;ﬂt&%lgﬁ domai n of

GnTl, the | oedivity.zanddire phdypepiidedfaviBg T schizity oem leachate iorsephoatei n of Manl , and
the |localizalion g -1, 6-core-fucosyltransferase. In one

enbodi nment , %&Fé%mﬂlgg{%ése?rﬁﬂef%ﬂeﬁ%?r&glgrgrﬁ’%%rés an expression vector encoding a
pol ypepti de havi rig an @udifiohalasperty the inverfiive istiietted to ahost dell cvndpeising es encodi ng t he

fusi on pol ypeptide,. the ol ypepti de havi ng Manl, activity, .and the
ol ypept s de. RSt Eh Foarbs « HafReietfmbBne B R B8, cosi on
vectors or t pelyseptide, ehpreinssaidofipsivae polgpeptide has B(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 II (Man II)
activity. In preferred embodiments, the fusion polypeptide comprises the
catalytic domain of GnTIII and the Golgi localization domain is selected from the
group consisting of the localization domain of Manll, the localization domain of
GnTT, the localization domain of GnT1I, the localization domain of Manl, and the
localization domain of o-1,6-core-fucosyliransferase. In one embodiment, the
host cell further comprises an expression vector encoding a polypeptide having
GnT1I activity. The nucleic acids molecules encoding the fusion polypeptide, the
polypeptide having ManlI activity, and the polypeptide having GnTI 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 nucleic acid encoding a polypeptide having Man I



[00301 In a further aspect, the invention is directed to a host cel

engi neered to express at |east one nucleic acid encoding a fusion

pol ypeptide having GhT |1l activity and at | east one nucleic acid encodi ng
a polypeptide having Man U -13- activity in an amount sufficient to nodify
the oligosaccharides in the Fc region of a polypeptide produced by said
host cell, wherein said pol ypeptide produced by said host cell is selected
fromthe group consisting of a whol d3anti body nol ecul e, an anti body
fragment, and a fusion protein that includes a region equivalent to the Fe
regi on of an i mmunogl obulin. [0031] In an additional enbodi nent, the

invention predivil®f A et seBtibnt tREHI YR FAidodabhekdes Bl Riregididst one nucleic
acid encodi ng a fusion é)o[gi/pe tide having G1Tlll activity, at |east one

nucl ei ¢ aci d*@ @Pﬁgfﬂ@ﬁéelhmﬁ&sai@ﬁlw%@%@%eﬁhﬂ at |east one

nucl ei ¢ aci dsgagRAlNG B1ched ¥RE ik bt Batishick P2 Whdi antfoly Mbikdyd, N an amount
sufficient to nodifythe oligosaccharides in the Fc region of = a pol ypeptide

produced by smandibpdisfragment) andgiusioniprpiemthat ipdndppatsiveiequpyalsatiiet®d by sai d host

cell is sel eﬁEFe%ioUo‘PEB élgmnponsi sting of a whole antibodynol ecule, an
anti body fragnent, and a fuSion protein that includes aregion equivalent to

the Fc [(P&d]on ofInapn jadditieralyleobpdimefit) 082 finventicn prgvidber bespesell, t he i nvention
provi des a hgss I i g¥ eic acid
encodi ng a fgl§ 6%ﬁ%é?gﬁ%%$?§%ﬁﬂ%%ﬁﬁﬁﬁ%§#§§&hc |%??§Egﬁﬁﬁggﬁﬁéast one nucleic
aci d encodi nyavangGhTIgaptivityeat hrastiongnivdieic adid enmeding/a potypeptiderhamimpunt suffi ci ent
to nodify th i I | E I . ti de produced
by said host?v%:e Ia%%vﬁgg&;?%%%gﬁe(ﬁuglg{cﬁgEgﬁog@g%ﬁao@%é%dgﬂg‘ﬁ%(é‘gf host cell is
sel ect ed f r onstivitg impnaompunt sufficistt iargodfy tike oligodacchamdes indldbFemegianciil €, an
ant i body fragnment, ..an fusj o rotein that.inclu a.region equivalent to
the Fc regi gnglgﬁépgﬁe?rﬂ ur?ﬁncygﬁa%bhlgﬁt.cgq’ Tﬁmﬁl PP ‘apg@?{’ﬁog{r’l]caeg Ibﬁs pect, the

i nvention pr eaid besscedl idwpltted fdrh the ggiup emsiting of 2 whxlp nafiedpholkedst one nucl eic

2101000 i kit ) HOSRALIE 0 ST, Sk g Pl 751 P10,
nucl ei ¢ aci dFerspogiofgn apmingpiebihi de having GnT |1 activity, in an amunt
ot oduced WP oai o ol i fbednir EVARien BOPOTERE POk RReaedn by L T

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

activity and at least one nucleic acid encoding a 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.

[0633] 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 I activity

and at least one nucleic acid encoding a polypeptide having GnT 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.




said host cell is 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 inmunoglobin. -14- [0034] In a further
aspect, the invention is directed to a nethod for producing a pol ypeptide in
a host cell, conprising culturing a host cell engineered to express at

| east one nucleic acid encoding a fusion polypeptide having GiT |1l activity
and at | east one a nucleic acid enceth-ng a pol ypepti de having Man ||
activity under conditions which permit the production of a pol ypeptide
selected fromthe group consisting of a whole antibody nol ecul e, an

ant i body{obsggnment 1n Hmdhe aspettsth mvartioh & direbtbdio o éthdddBSpraducRigiaOn equi val ent

to the Fe region of an_ i nogl obul i n, . wherein sajd fusion polypeptide is
expressed in Pawpawswahogi{fmPen@?ﬁngtcal%ﬁaﬁystﬁﬂéengwaa%@&maﬁsi des in the Fc
region of saidiRebyRRleicRid REREHEGHHsIOYpciReptidiORling ST Tnapgdysol ating sai d
pol ypeptide. 10035] |n another aspect, }?he Invention is _direCted to a nethod
for produci ngedat Igst gasepyclsic aoif epopding a pelypeptidobgyinedyisyllegtiviyr i ng a host
cel | engi neenglerbehaiht Aith pétht bEARIA AR fflPidLRcENEAARO a fusion

pol ypeptide having Gl T activity and at |east one a nucleic acid encoding a
pol ypepti de HEREPrrgusving of a adoleantiyodyadecules am ditibodn fagipentingar nit t he
producti on of j f I igting of a whole
ant i body nol eﬁéﬁ?ng?iogeﬁ?%ﬁ%gﬁ%%cg ngn%@médn {eggftﬁ%sl?grfgggl?g?e%nn t hat i ncl udes
a regi on equiimmaegobubin,twherdhe said fison polypeptide isrenporgbediinlanamounther ei n sai d

fusion polyp j I %;f’[gr I qlgrglg [ £] dify the
ol i gosacchar i%g%ilgglﬁtntb?%e éﬁefog'%?soah&gﬁ&gal pr]%lr%zé%%ﬁe 0r1 gﬂt}gzge%d by sai d host
cel l; and i salredureidysaid dogiobll prpisolaing spid@8Bbeptide.an addi ti onal aspect, a

met Hbd f r oducj fil . [ r - i.agted cellul ar
cyt ot oxi gﬂ?ﬁ in a og@mg%b%?%%o%%ﬁlg%ﬁgﬂgﬁdttgd%inﬁeg%gqbﬁgg@%gﬁl engi neered to
express at | embypeptideinmiobteelt, cawprisirgrolietingg hoeticéll engtheered tolegprsts one nucl ei

e S e i

pol ypepti de se romthe group ant i body
nol ecul e, an ahlkehst bmﬂwgﬁct@nmmﬁﬂncddhga polbypeptifiedatingMae lraegviyrundér an

i | obul i n. .ah : i on | evel .of h of GalT or Ma
11 surti PP Ei GRS Ry ne i feeRiRe B et yi on of “sai

pol ypepti de 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 oﬁgosacchaﬁdes 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 Fc-mediated cellular cytotoﬁicity in a host cell, comprising culturing a
host cell engineered to 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 II
is sufficient to modify the oligosaccharides in the Fc region of said polypeptide
produced by said host cell and wherein said polypeptide has increased Fe-
mediated cellular cytotoxicity as a result of said modification; and isolating said

polypeptide having increased Fc-mediated cellular cytotoxicity.



produced by said host cell and wherein said polypeptide has increased Fc-
nmedi ated cellular cytotoxicity as a result of said nodification; and

i solating said polypeptide having increased Fc-nedi ated cel |l ul ar
cytotoxicity. -15- [0037] In another aspect, the present invention is
directed, to a nethod for producing a polypeptide in a host cell,
conprising: (a) culturing a host cell engineered to express at |east one
nucl ei ¢ acid encodi ng a pol ypepti de-ilhavi ng a- Mannosi dase |1 activity under
conditions which permt the production of a polypeptide selected fromthe
group consisting of a whole antibody nol ecule, an antibody fragnment, and a
fusi on [pe03TRI n t NAtanbtherl dspkes the pREINOMnveatitnVialdadadted ® 4 heito@ for €gi on of an

i mmunogl obul i n, wherein sajd pal ypepti de havi a- Mannosidase |l activity
i s expressedPPiicke %Pﬁimwﬂiwﬁ%&@s FERTEE LT Egt%@m?ﬂgi @E%%& arides in the
Fe region of erfgﬂieére@%'e){ﬂ@@fai1@&cﬁfe‘i&d&l&@@ci@éhc&ﬂhgjaﬂmhﬁ;tﬁﬁ'hhﬁnﬁ&d (b) isolating

said pol ypeptide produced by said_host cell. [0038] In, another aspect, the
present i nvegﬁapléﬂﬁldﬁ%e 1 japtigly atpderoropdifns; whigh pernidlnthe pErdughipn &f &xpress at | east

one nucleic ﬁ&&&pﬁ&;&%&témﬁﬁgﬁ@%ﬁbﬂﬁ%ﬁ%é@!&ﬂ&eﬁﬂb&@]ﬁ&é&ﬂ@&? Il activity
under conditions which permt the production of a polypeptide selected from

the group cofmibedy fagment. sd@ihision pEriein Bekipcludss aegirrequiyplentipte Body f r agnent ,

and a fusion 'aﬁmi% i : 1 . 4',1-)5@!_@@5]] Fc region of
an i nmunogl oll‘oeg_lfc,?%,f}én er eig}}db@%ﬂg,ﬁﬁ%@@g@%ﬁ&%@hﬁég&i ng a- I\/aé?sr?g%sei&gase I

activity is actyitelsseauessed iman anpyn ¥ tp giodify the oligawseeherides indbey| | gosacchari des
in the Fc regi i i . i .cell [0039] In
£1eR{3n OF %@og,?@mé@%tmy&m%&% 1:B¥d @gs@%agﬂ fafel | [ ]

yet anot her aspeéct, esent 1nvention i1s direc ol ypepti des
proguced by pelEephdnroduedd by saigdosticell ar| y ant i bodi es havi ng i ncreased

ef fector, ncti LRC L Qe TR [l result of said
mod 11 008l T gos Al Akt ket EARERM BHRGRA: Mgt B AhdRedl 10500 P’
MALDI / TOF- MVoenginsered torexpressatiast erle notleig acidenshding apelypentidedeying ed f r om
r econbi nant,wp@ i 4 - al ycoenq) r ang | - .19 ant i body
produced in .ﬁééelﬁg&m‘gﬁgﬂq%aﬁogﬁggﬁgﬁhﬁgﬁﬁ%@%%%p%%si on vector
PETR1502. Anpélipmgiideselsctpdfirdrh the grofp oqmistiﬂg_aﬁ nwhmieatitibmlmqlemﬂ:d, agosacchari des
were prepar eg, An8, ANAlNCEY stk PRk BSFlolibhel NepENaRho ABF:

region of an immunoglobulin, wherein said polypeptide having o-Mannosidase I

L

activity is expressed in an amount sufficient to modify the oligosaccharides in the
Fc region of said polypeptide produced by said host cell

{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. MALDUTOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, unmodified (non-glycoengineered) anti-CD20 IgGl
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
Methoﬁs section of Example 1.



Met hods section of Exanple 1. -16- [0041] FIG 2. MALDI/TOF- M5 spectrum of
neutral ol igosaccharide m x derived fromreconbi nant, glycoengi neered
anti-CD20 IgG@ antibody produced in BHK engineered with a nucleic acid
encoding wild type ("wt") GTIIl. Cells were co-transfected with anti body
expression vector pETR1502 and with G1TlIl expression vector pETRL 166.
Anti body was purified fromculture nediumand oligosaccharides were
prepared and anal yzed as descri bed -lfr the Materials and Methods section of
Exanmple 1. [0042] FIG 3. MALDI/TOF- M5 spectrum of neutral oligosaccharide
m x derived fromreconbi nant, glycoengi neered anti-CD20l gGl anti body

pr oduced004ih BHK RGdi. ndMATEI TOE-MSaspecitineiof natrall odipasachharifleamifxisi on

pol ypeptide ("Gl-. GrTIIP). with GaTlIIl act.iy] d localized via a
o) ol i 1 SR G e e rooneprre i el b Rb SR | anti body
expressi on VAGHK enghtEdAith a antibiodcidenéaiilg wilday(es3) GRTMECERY PETR1425.

Anti body was purifie fro cul ture nedium and ol iggQsacchari des were
pr epar ed andwgﬁ&?‘Vﬁg’ctﬁgw&g]éllfﬁ’P@'ee&P‘ieFﬁm‘th\@t@ri?%@gm ods section of

Exanpl e 1. [&9fsdiodVeofpETILEY. Alidbodyinapafifiddibnotulifithédiim d gosacchari de

m x derived from_reconbi nant, gl Xcoengl neered antj-CD20l gGl anti body

produced i noliBparcheridss Tees REPaGdian &5 desabpdindhMatergls aad usi on

pol ypepti de ffeiBds seibhlobEdaniid 1 GNTI 1T activity and localized via a Col gi
al pha- mannosi dasel | (Manl|) - G&écgi‘%l ocal i zation domain., Cells were

co- t r and¥842t edwi tHiG %an sperigan o8 dewral pligmachariden@i®n t h GnTl | |

expr essi on Ve&LE froRFedéieilR, pfyobdnbReited a0 TEG Lehibb @/ Préddkidir € medi um and
ol i gosaccharides were prepared and anal é’iied asS descri'bed in the Materials

and, Met hods K gngipgeredpyising pecleic aqid gupeding pdsion pAYIEPdeGAS spect rum of

neutral ol géﬁﬁﬁlﬁﬁ%h%ﬂﬁ&cﬁﬂg]’ kMeRcdliz QM AaOF GHPI-6813] 1ochRaRg f 1 ed
(non-gl ycoengl neered) anti-CD20 | gGl antibody produced I n HEK293- EBNA

cel I's. Cel | sdameaine Gallaweresetteapsfogtadivithantibasy dyprresiion yedornETREQ2r pETR1520.
Ant i body wa i : ] i i iL.des were
| body Smﬂ%ﬁtﬁ R LRsSih %E&(@ﬁ pﬁﬁ%ﬁm%gtﬁo \Z%S@%f?é@‘%}%rﬂ S

prepared and anal yzed as "descri In the eri ods section of
Exanpl e 1. culturemedium and oligosaccharides were prepared and analyzed as described in
the Materials and Methods section of Example 1.
[0043] FIG 4. MALDYITOF-MS spectrum 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-
GnTHI”) with GnTII activity and localized via a Golgi alpha-
mannosidasell{Manll)-Golgi localization domain. Cells were co-transfected with
antibody expression vector pETR1502 and with GnTIU 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. MALDVTOF-MS spectrum of neutral oligosaccharide 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. MALDITOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, glycoengineered anti-CD20 IgG1 antibody produced



[0045] FIG 6. MALDI/ TOF- M5 spectrum of neutral oligosaccharide mx derived
fromreconbi nant, gl ycoengi neered anti-CD20l gGl anti body produced -17- in
HEK293- EBNA engi neered with a nucl eic acid encoding a fusion polypeptide
("M2-GnTIIP) with GTlIl activity and |ocalized via a Gol gi al pha-

mannosi dasel | (Manl 1) -CGol gi | ocalization domain. Cells were co-transfected
with antibody expression vector pETR1520 and with GhTl | expression vector
pETRI 519. Anti body was purified fror7eul ture medi um and ol i gosacchari des
were prepared and anal yzed as described in the Materials and Met hods section
of Exanple 1. [0046] FIG 7. MALD /TOF-MS spectra ofneutral oligosaccharide

m x derived ifHEXRIIEEBNDErdpRitbred Ghth & RN RRPRHEsHiR Y fisiCPd@pbgidd ant i body
produced in HEK293- EBNA er%%i neered with a nuclrggﬁ: aci dg’gncodi ng a fusion

pol ypepti de (MuBLER} Wity GTE, eshvity |and clopajized, Vi 1Gobsdl #pkd via a Gol gi

al pha- mann0aﬂ%ﬁﬁeﬁh@ﬂﬂgho@beﬁzmﬁﬂbmté@l@w@@%&h&mfe@@hmW_er e
co-transfected with antibody expression vectorﬂgETRlSZO and with GTl I |

expressi on véetibedy cppgses 1GctonpETRLY) andswithy GoTlE ¢xpressiancyactotir e nedi um and
ol i gosacchari : . Slafs: :F ] in.the Materials
and Met hods ?gﬁ}sgﬁp%%bgggﬁgpﬁ%ﬁ?&ﬁ?g)%@%gosacc g??gééﬁgcﬂgﬂéfe

of PNGaseF- r evstepeepated gpsionelytedias drseribed inthe MateraloindiMatldds ssottionedit i ¢ tr eat nent .
(b) Ai gosac%ﬂ%ﬁné]ga profile of PNGaseF- rel ease oligosaccharides further
digested w't oH [0047] FIG 8. (a) Schematic description of the :
EndoH- cdfedéyzed dFiges MADBTOF-BIS spetmotirutralddigosaéoharidd niaderdiedest hybrid (and

hybri d bi sec : t 1.C 8X.408 ._gﬁ.]r’?al bj sect e | i.gesacchari des. (b)
By di stingui ?ﬁ%bﬂ%ﬂ&%@%}@% ex- aélﬁ yb%?&-%‘négce'&yoﬁrlog%cggé%hari des, Endo-H
tr eflt ment al [HEEE93-GBhakanginstrediwithip alicles sdidjenveding a tizicnlpolypemide har i des peaks
t hat have th L .2 L.ati in__the MALDI [TOF- MS spect.rg .originally
resul ting frgﬁﬁa@e ‘?”rﬁ]egniréf%t?mf’%ﬁw? EF"&ZEC)A: Khtd %?ﬁ}-%g endent cellul ar
cyt ot oxi ci t y n{aARXSIEpsefI{M4rH)-Golgi Tocdlizitiogldymaie nCxlle eereed-trasfectedmittli f 1 ed
reconbi nant, aht 'd CD20 chineric i‘ﬁ%ﬁq arat i &(&)m Bot h. ant iCFodi es were
produced in BPRIE SFRIESSIOB FEE PF e tFHEPYIML of the
gl ycoengi ner @BURE519] Aaibpdy sadgpifiet Gdmi oaltine heditmpatd oligbuassharidest he unnodi fi ed
antibody in E\Ire?é prejﬁhrelgri a%talyge%lalsaesgr-{aedvm\eégl\dgtlénvgé fi}dq\%{h?o%s section of

Example 1. (a) Oligosaccharide profile of PNGaseF-release oligosaccharides with

no additional enzymatic treatment. (b) Oligosaccharide profile of PNGasel-

release oligosaccharides further digested with EndoH.

{0047} 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
coroplex- and hybrid-type oligosaccharides, Endo-H treatment allows to make
structural assignments to oligosacchartdes peaks that have the same m/z ratios in
the MALDVTOF-MS spectra originally resulting from PNGAseF treatment.
[0048] FIG 9. Antibody-dependent cellular cytotoxicity (ADCC) of “Gi-
GnTII"-glycoengineered vs. unmodified recombinant, anti-CD20 chimeric IgGl
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 a maximum



| ynphobl astoid 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 neasuri ng
cytotoxicity by |actate dehydrogenase (LDH) rel ease relative to a maxi num
-18- release (using a detergent instead of antibody) and a spontaneous

rel ease (culture nediuminstead of antibody) controls. Assay details are
described in Materials and Methods section of Exanple 1. [0049] FIG 10.
Ant i body-dependent cellular cytotoxicity (ADCC) of "M-

GnhTl I F' - gl ycoengi neered vs. unnodi f4&d reconbi nant, anti-CD20 chineric |gd
anti bodi es. Both anti bodi es were produced in HEK293-EBNA cells. Production
and gl ycosyl ation profile of the glycoengi nereed antibody is depicted in
Fig. 6 and telesgusiiy stdbiergemtifmycad o Raltibodly) dnddypdntantdugreldase (hdtuget cel ls (T)
wer e SKW6. 4 h man | 0 stoid ce|ls ect [ wer e

freshly- isolrgf=c Wéﬁggﬁ‘%w Wﬁg@‘géﬁs?ﬁﬁl%aﬂg %Gdagiﬁé%‘%flq n a 4-hour

i ncubat i on ARG KRR Yecti FEFB baPIS 1cyt ot OXI city by | act at e dehydrogenase (LDH)
rel ease relative to a pmaxinmumre|ease (using a detereent i nst ead of

ant i bod{8%8hd a EGrilaraibedy-depprssatecelivlar cyiplexipitt(Arhet @& of anti body)

controls. AS@@MIId-%l_y%én?u@Jré‘dvsqﬁﬁﬁﬂiﬁg@chrﬁblﬁﬁE@ﬁﬂ—@b@ocﬁﬂﬁ’erN?%G_lOds section of
Exanpl e 1. 005?4! Ant i body- dependent cel | ul ar totoxicity (ADCC) of

"M2- GnTI || "angp @eﬁ@@ﬁ@&oéﬁswgepmﬁ}é@mﬂ%gﬁ%%@ Bredcien r econbi nant ,
anti - CD20 cHamRchgyids Q%ﬁoﬁf&tdflﬁfé {9 Jadaﬁﬁuo@fﬁ B LEER! rgoduced in BHK
T onp ro e

cells. Production and cosS G Tl I - gl ycoengi ner eed

anti body i sﬂﬂéélﬁﬂSEP%fheilmnqdi@d mHWMmﬁss% Torget Pﬁils\ﬁ) V@WﬁKWﬁgﬂ ycoengi neer ed
anti body in §gjgn t I ) ‘,ﬁm Yaphobl ast oi d
cells. Effec]tEor che"%?hoi%hgﬁ C\ngeh rcg%ﬁeme@ at edS man PB " An E:T ratio of
25: }1 was usetBMg. a‘&mEdetaﬁo szfchbrasil@dmm@@smybms\@%gesayt ot oxi ci t yby

| act at e dehy II[IEP@) 2! Al mimrel ease (using a
det er gent |nlg'%% bgy%&%tﬁgéﬁg{‘o po gﬁ)@agﬁeﬁ{éﬁé%se cael;lture medi um

i nst ead of amaxlm@niyr}ﬂemr{um sdetﬁsgaynstaaétoélah@@y)emd@s&tppntm@dua n Materials and

Mt hods sect }e yC Oé;uﬁﬁé‘@ dﬁg]l ms{egg%}]ag@oﬁg)l Fontiglad! nC{etaﬂS

"M-GnTIHIT " - ngi néer e unno reconbi n 9 -CD20 chineric
| gG anti bodd&muedlmgmnaimﬁldlMahddesﬁpbmofEmmpNI{ cells. Both antibodi es were

pr Oduce?ﬂ(jSB] HEK2 %%Gﬁq!\l'o}\n%%locliﬁdepen ent ce tlluf?xr cytotoxicity (ADCC) of “M2-
GnTII-glycoengineered vs. “wt-GnTIII"-glycoengineered recombinant, anti-
CD20 chimeric IgG1 antibodies. Both antibodies were produced in BHK cells.
Production and glycosylation profile of the M2-GnTIII-glycoenginereed antibody

.—
—.

is depicted in Fig, 4 and those of the wt-GnT1III-glycoengineered antibody in Fig.
2. Targst 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 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-GnTIII"-glycoengineered vs. unmodified
recombinant, anti-CD20 chimeric IgG1 antibodies to FegammaRII1a 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 FcgammaRIIa receptor on their surface were isolated from a




and gl ycosylation profile of the glycoenginereed antibody is depicted in
Fig. 6 and those of the unnodified antibody in Fig. S. The binding assaywas
performed as described in the Materials and Methods section of Exanple 1.
Human NK cells expressing FcganmaRI ||l a receptor on their surface were
isolated froma -19- donor of a genotype known not to produce FcgammaRl I c
receptor (i.e., honbzygous for a gene variant that contains an in-franme
stop codon within the FcganmaRI|c ebdi ng sequence). Geonetric nmean
fluorescence intensity, measured by FACS using an FITC-| abell ed anti-hunman
| gG anti body fragnent, increases with the anmount of reconbinant anti body
bound to the dfforcef b Sgenotiienihicya it ©Cprodhck Fdghh®aRIBS deceptsr (ie.,

FcganunaR | | ecifi¢c as dem)ns rated, by use of a et.i
FcgammaR! | | a%ﬂ@@f&" L% 8596 SaAnE a‘g%‘mﬂs %‘E’é‘eﬁ'ﬁf‘?eg“"l’l"@;km%g% FI G 13.
Bi ndi ng of " NEpiahRARIR cdilingCs ﬁ'&bé)eer(%ém\éﬁlc DM ds8hee BRGRIFRI Nant ,

anti - CD20 chi rrerlc lgd anti bod| es to Fcg RTlIla rece tor on NK cells in
the presence BRsyatEAGT wingend B ]fah?lleéﬁ%“ BW@IEE#B@PW - FcgammaR! f

antibody fragnBies Wl the' SERATPSNREmiAhL Qﬂ@b@?b&ﬁlﬁ% RELRICEMs N BEK293- EBNA

cells. Production and gl ycosylation profile of the glycoengi neeeed anti body

i s depict ed iBindingdetegted irihis atsaris BegammaRfmwarific esglemangtiatsdblyuien Fig. 5. The
bi ndi %mﬁl‘] d Met hod
i ndi ng assayof%&n%ggg aﬁﬂéj%@&fi& #]ﬁ%ggér%ﬁ(y&tﬁ%lK s an ods

section of Exa co-1ncubatin ‘cells with

r econbi nm&lantu b&Hy 1(3al nglmgaqf “Mﬂﬁﬁn @bmmmw o @fmc@lfgeﬁm ) and with

i ncreasing a 'iﬂéh GBS dag 3GB- Fab2

anti - Fcgamma I ant |’ ody ragrrent Siﬂu?ranes Q%]Tns expre55| ng FcgammaRI | | a

receptor on tMgicelisiy the presense of instsiasing corfcendrationsclefi o corugfeting gethot ype known

hat  cont ai ng RACTR S FEERRL HoulbsofnatBIT WG ilfncda BE0F Y71 211

sequence) . GIOEEI3IEBN arclk uoPl@é@Qmeandn@wsasyﬂ%ﬁpnnp@ﬁlﬁreﬂ ke FACS using an

" econbi nant  SALBIRABR ARy N R P B el Nt RER A o) T e

spectra of nemtibaly iaolHigos adbé dinddie aasaxtwasqx:rfoﬂmdl asedbsdribednin #eonbi nant, | gd
"L19" anti bodj.es . n€ .42 i S af .flibrone nd produced in
HEK293- EBNA d[g P@?&%‘Fﬁ% Lt ﬁﬁﬁ?‘ﬁ%&%‘) bo3houbltag BRI NR

cells w1th recombinant antibody (always at a final concentration of 3 pg/ml) and

with increasing and varying concentrations (see graph) of competing 3G8-Fab2
anti-FogammmaRIT antibody fragment). Human NK cells expressing
FegammaRIIla receptor on their surface were isolated from a donor of a genotype
known not to produce FogammaRIlc receptor (i.e., homozygous for a2 gene
variant that contains an in-frame stop codon within the FegammaRTlc 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 celis.

[0053) FIG 14. MALDYTOF-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-GnTIHI-glycoengineered antibody produced in HEK293-
EBNA cells co-transfected with antibody expression vector pETR1546 and
GnTII expression vector pETR1519. Both antibodies were purified from culture
medium by protein A affinity chromatography followed by size-exclusion



produced in HEK293-EBNA cells transfected with anti body expression vector
PETR1546. (b) M2-GhTM gl ycoengi neered anti body produced in HEK293- EBNA
cells co-transfected with anti body expression vector pETR1546 and GnTlI|
expression vector pETR1519. Both anti bodies were purified fromculture
medi um by protein A affinity chromatography foll owed by size-exclusion -20-
chromat ography step on a Superdex200 matrix (Anmershan) exchanging the
buffer to phosphate buffered saline2¢PBS). O I gosaccharides were prepared
and analyzed as described in the Materials and Met hods section of Exanple
1. [0054] FIG 15. Binding of "M-GnTllI"-glycoengineered vs. unnodified

reconbi nant,crediﬁm%@h & %%S\%Hd& 100Ghatan (ARerdhd dxehdng@anmeRRl | b recept or
on Raji human ng ggl | s thxantlabodltes Wea?g prod%g%d i n HEK293- EBNA

cells. Pr odulaxffebﬁphmh@wg@seﬁlsalme&?ﬁ)r @hngﬁmkﬁ@ergmwa@ﬁ@mer eed antibody

i s depicted QA f i ody in Fig. l4a.
The bi ndi ng élﬁ?gm%%}g%r Q%P{enemgﬁ%sag SCI’I H%?%Jntoggﬁxiﬁélgﬁ’l al s and Met hods
sect i on [WS4EXxanplFEG 115, CBidingr ¢ic"“M2-SnTH] glycosngineersd i vt anwodified measured by

FACS usi ng Eﬁﬁﬁ#- EEQM hggggﬁﬂ increases with
t he anmount g@‘fel%%%lnan%gﬁﬁﬁoo&eﬁgguﬁﬁﬂg%gﬂﬁk ]l ﬁynphona cells.
[0055] FI G 161 R&i muiandymafhotrieRellin TBdiPantiodicowagiprelecaldn FFK288nodi f i ed

r econbi nant i - r i b R receptor on
NK cel l's froﬂﬁg}* éﬂ?g%p%g%hnorésn% %gct %{r%’f’ &g‘l e§ t%l/\e/egfé:'g&" (T:ucfledc_ilal n HEK293-
EBNA cel |'s. d#tibatiyds depivted incFig 190 asdthast nﬁhe\pmnﬂlﬂeémufbothFgl Meoengi ner eed

5 The " bi ncitTG PBBRgRLEDRr PBRCH e et b SR MR | o s
Met hods sect seotion mi‘fExEmplafnl eGdometlinmeanNttoesstdnse itqmsies sieagmrddcgamnmaRl | | a
receptor on ol at.e fro onors of a genotype known not
to produce %@gi ﬁ:w@eg%fl g?maéﬂ ﬁ"e vari ant that
_cl_ont gi ns an mlmémnﬁe&mmaﬁombodmﬁohmﬂomf aﬁﬁaamgﬁbwvlhcﬁnm"h Hs.ng fsfe_qu_e{]c?).

wo don re s for e -"higher-affinity
variantqggsrﬁ é@@gﬁhaEPﬂ 3@%@%@%&ﬁyﬁﬂgmgWﬁﬁ?r wo- 4o e‘{Nere genot yped
as 158V/ F  hetafisizing awBCDoO cmlhench 8V antiBb@iexs FépafminiaRIYa re@pidr on

158F- "1 ower-affinit ria of the FcgammaRfl|a rece tor Geonetric nmean
f1 uor escencewgﬁgg@@f? Qﬁo&j Both antibodigs were produced in HEK293-

EBNA cells. Production and glycosylation profile of the glycoenginereed
antibody is depicted in Fig. 6 and those of the unmodified antibodyin Fig. 5. The
binding assay was performed as described in the Materials and Methods section

of Example 1. Human NK cells expressing FcgammaRIIIa receptor on their
surface were isolated from donors of a genotype known not to produce
FogammaRTlc 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
FegammaRIIla receptor. The other two donors were genotyped as 158V/F
heterozygous for the 158V-"higher-affinity” and 158F-“lower-affinity” variants
of the FcgammaRIlIa 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 FegammaRIIa-specific as demonstrated by use of a
competing FegammaRIITa-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-GnTHI-



by FACS using an FlI TC-| abel |l ed anti-human 1gG anti body fragnment, increases
with the anmount of reconbinant anti body bound to the NK cells. Binding
detected in this assay is FcgammaRI || a-specific as denonstrated by use of a
conpeting FcganmaRI | |1 a-specific anti body fragnent (see Fig. 13). [0056] FIG
17. FACS analysis of truncated-CD4 (tCD4) expression of (a) BHK- 1502-28
(wld type) and, (b) clone BHK-1502-28-11 (M2-GnhTIIl -21- glyco engi neered)
stabl e, chineric anti-CD20IgGl anti#ddy-producing cell lines. Expression of
tCD4 is operably-linked to M2-GnTlIl expression via an IRES elenent in
PETR1537 GhTM expression vector and is therefore used as an indirect marker
for QuTlI| eglyceagineened) Sde chindrigmtixGD20i[gG hedibodylpnaiuciagestidiees. | Nt ensi ti es

For “the wi & oEEypeiobaf fot fdertlymabal o MEGRTIRERNGER B IRBEC i of
neutral ol i gele@etHapEUR1SB7XGATIE expreshitni weeidr huidi thdteforeTiskd aghiycoengi neer ed
reconbi nant, , gnti - CD20_chj ic 1 gd _antipody produced by BHK-1502-28-11
cell line. reqt ,erf_ﬁﬁ Eﬁiﬁq’mﬁ’]‘% M@ﬁf’?&?"éﬁ‘ﬁ"&e KECEWER i de preparation
and anal ysi Sindn6itieosdiE, rdd Ot:iirél\l]yétzh.% andV ®fot AL Slyandgivbddinag 43ead i on of Exanple

1. [0058] FIG 19. NALDI/ MS spectrum of neutral oligosaccharide m xture
derived, byPfitderehe vidd waeeelidinegosacchari des and further digestion with

Endol L hesan M2- Gadlils! Ve MSIPERSMRGBERm o RATHa ﬂ%ﬂiaccl_ﬁﬂ&érh&%@. chimeric 1gd
anti body produced byBHK-1502-28-11 cell line, Cell line, =

ant i bodypur i feeat ifism Merfendllisdiseensinserrd swopbiaps st eR2GAkimsHal ysis are
descri bed i nll\%ileaﬂ%B&f pllce@ Ry BEMEIIREASs.SECL ARe. WeliBRRMBAROdy [0059] FI G 20.
Bi ndi ng of "M2-GnTlI1™-gl ycoengi neered vs. unnodified _reconbi nant,

ant i - CD20 chpyrification gidphgemedbatficasepaystion srdemalygis sreglspaibedin the i nes, to
FcgammaRul a §£¢eR1sahd PR &b drefdmy@esy! ation profile of the

gl ycoengi nereed antibody Is shown in"Figs. 18 and 19. The binding assay was

per f or 80585 des cFliGH&d MAL RIREOHMSspeatinm of netmbeligoeschadde mbtiref  Exanpl e 1.
SOl at e 1T o R B e e
receptor (i frem, MPeGwHeghreoerfgineerad gecombirani, canti-GDRét cumatiailg§l an i n-frame
stop codon V\'iaﬁtﬁaioﬁy 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 Example 1.

{0059] FIG 20. Binding of “M2-GnTIII"-glycoenginecred vs. unmodified

recombinant, anti~-CD20 chimeric IgG1 antibodies, produced by stable cell lines,

to FcgammaRIlla receptor on NK cells. Glycosylation profile of the

glycoenginersed 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 FcgarnmaRITa receptor on their surface were

isolated from a donor of a genotype known not to produce FegammaRIIc receptor

(i.e., homozygous for a gene variant that contains an in-frame stop codon within

the FegammaRIc coding sequence). Geometric mean fluorescence intensity,

meagured 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 FegammaRIlla-specific antibody fragment (see Fig. 13).

[0060] FIG 21. Complement-mediated lysis (CML) of “M2-GnTIII”-
glycoengineered vs. unmodified recombinant, anti-CD20 chimeric IgGl




the FcganmmaRI | ¢ codi ng sequence). Geonetric nean fluorescence intensity,
nmeasured by FACS using an F1TC-| abelled anti-human | gG anti body fragnent,
increases with the anount of reconbi nant anti body bound to the NK cells.

Bi nding detected in this assay is FcgammaRI || a-specific as denonstrated by
use of a conpeting FcgammaRI || a-specific antibody fragnent (see Fig. 13).
[0060] FIG 21. Conpl enent-nediated lysis (CWM.) of "M2-GnTIII"-

gl ycoengi neered vs. unnodified recebi nant, anti-CD20 chineric IgGl -22-
anti bodi es. Both anti bodi es were produced in HEK293-EBNA cells. Production
and gl ycosylation profile of the glycoenginereed antibody is depicted in
Fig. 6 and dliBsgesOBoth bstibatie®aiért hoducad il HERKDO3LEBNG eells. Prodetiget cells (T)

wer e SKW6. 4 uman | ynphoh) astoid cel|s. Hunan_conpl.ement_was used for the
assay. Lysi g hosyhehpR Jewthﬁragycpgag@ageeﬂ a0\bedy1s dBE'SFY B BF® described i n
Materi al s angld ti¥es asSurmRAlfied AnffodFiATRI5e Throet &6 Hh Weli&BRB6.4VALDI / TOF- M5

spectra of neutral oligosaccharide m xtures derived fromreconbi nant,

chimeri ¢ | gdpmaghymphoblpstqid exlis eBumpncopglerentpshisedder thapparebyd growt h fact or
recept or - ( EGERIme gk %ﬂggﬁféaéemﬂéﬁ%ﬁ%e&ﬁbé@m Mhdhadigodi T ed ant i body

produced in HEK293-EB s transtected with antibody expression vector
pURSI 28. ( b)Mghodsysaution ofExamplagi neer ed anti body produced i n HEK293- EBNA

cel s Cukifans! egi@ sz id RO e X RGP Sk NSA AlariaHRLES! 28 and GnTi 1|
expression ‘vect or pETRI519." "Bot _aﬁti odies were purifie romcul ture
medi um by prdstig¢dfrom rgédmbinany chimennigbb §r22pMhantibodi¢sorreagnizing hemare - excl usi on
chr omat ogr ap i %#ﬁgﬁﬁﬁgﬁﬂg angi ng the
buffer to pH%%%ﬁ%?gﬂﬁﬁ%q%?ﬁggg@gﬁﬁﬁgﬁ%E@é%&dﬁ |gosacch£$ﬁ§égﬂ'mere pr epar ed
and) anal yzed{a$/ndwdified lsatibody ptoduceti/in HEKZPZ-EBNG ¢dlls lvaudecdovithon of  Exanpl e
1. 10062] FIG,. | ; | \f el DCC) of "Me-
ch|||"-glyé%@ﬁ%?ﬁ@@%%@ﬁ3§W%§§§§g§938@5ﬁﬁﬁﬁ%%ﬁ%%§§8§%§%@ R chinmeric 1gGL
"C225" ant i bwdduesd in BEKRIBHEBNAGHee-tramsfeted matl aotgady exptdEiiiOBettalBNA cel | s.
Production a |.af | rof.ile oft gg coenai hereed anti body is
e oted | ERPRG T P s RuSipt Foelc T fhofy BERBRAR YR 0 22n
Tar get cel | spufifipd frove edtuledBddiln bpproisipuaatiinity cheontatoppaphy fdlotved {yECACC No.
85090402) . %ge?egctclgsrion chromatography step on a Superdex200 matrix (Amersham)

exchanging the buffer to phosphate buffered saline (PBS). Oligosaccharides

were prepared and analyzed as described in the Materiails and Methods section of

Example 1.

[0062] FIG 23. Antibody-dependent cellular cytotoxicity (ADCC) of “M2-

GnTIII"-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 (F) were freshly-isolated human PBMC. AnE:T ratio of25:1 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 spontancous 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 Il - GnTII fusion polypeptide of the invention.



cells (E) were freshly-isolated hunman PBMC. An ET ratio of 25:1 was used in
a 4-hour incubation ADCC assayneasuring cytotoxicity by lactate
dehydrogenase (LDH) release relative to a maxi numrel ease (using a
detergent instead of antibody) and a spontaneous rel ease (culture nedi um

i nstead of antibody) controls. Assay details are described in Materials and
Met hods section of Exanple 1. [0063] FIG 24. The nucleic acid sequence and
am no aci d sequence, respectively, -3t the Mannosidase 11 - GaTlI I fusion
pol ypeptide of the invention. -23- [0064] FIG 25. The nucleic acid sequence
and am no aci d sequence, respectively, of the GhT-1 - G1T-111 fusion

ol ypept oo of t NBIG] I34eN e uclel D48 ] slefi? nd MALEULGE- dguspect rum of neut ral
oligosaccharide nmix from the unnodified, reconbinant C2B8 anti - CD20

chimeric | gGrespertiveln gy the: %I'ﬁﬁ%%@ae@aolmmwlm%el | s transfected
Wi th antjobegy exprRpsi vmt grgg&m%@mmtomg&%ehm nRfidhi ed from
accC al’l

culture rredl um and ol i gos were prepared and anal yzed as descri bed

in the Mat er itheumagiiedveachobinarg £2BB enti- 61‘320%‘;@16(35811413@@56‘}3“’!:1)6 27.

MALDI / TOF- M5 I Old from

recombi nant, @g%tgeﬁngqi%%j:gﬁﬁé?ﬁg an?@@%ﬁgﬁ&ﬁﬁ%@?ﬁé&wgﬂ“ body ("Cbrt")
produced in MEKBQS%OEBmIﬁb@eIWBspmﬁeﬂrﬁa)mmeenbdmmdmhgoé,aml\yndwxpreSS| on
vect or pETR1 a T1 )1 I n vector (pETR1519).
Ant i body vvas%i‘gegerp e n?%'ﬁ%%“r"“%’%%% um anﬂﬂs%‘("%é\géigggg ec?on efg wer e

pr epar ed andEanaj:lyied as described in the Mat erl al s and Met hods section of

Exanpl e A O f| I F-.rel e al.l gosacchari des
with no @gﬁl tiona en ymﬁﬁﬁ? 'fqr'mt I?f 8]%%5% gaﬂ%aémﬁrofl | e of
PNGaseF- rel @aﬁedcﬁcmgmsmbzhaxt,l gimeﬂg:netﬂaércmsmmcmwuhhheﬁrig(?&l [0067] FIG
28. ' MALDI / TOE- Lum.of i gosaccharide, m.x .derived from
r econbi nant, a&ﬁ’@%@ﬁéﬁ)g&qﬂg@d h%@ W@ﬁﬁ?q%d%uggﬁtl body ("Cm')
produced in Hﬂﬁ&ﬁﬁn&%@@ﬂlﬂ&:@dﬁismm@dlywmheaqi&sheﬁlyectcexpreSS| on
vect or pETR1 f GnTII t| de express (pETR1519) and
mannosi dase %@%Sy@e‘%ﬂq} ﬁﬂ“@gﬁ/ cﬁ'ﬁtﬁéﬁ?‘g"saﬁcﬁ'ﬁ‘%ﬁdy was purified
from cul t ur e wepslirepaed aat @Myﬁﬂ&@@@&ﬂfeudﬂﬁemﬂeﬂﬂ%ﬂmms 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. MALDITOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, glycoengineered C2B8 anti-CD2(Q chimeric IgGl
antibody (“Cm”) produced in HEK293-EBNA cells co-transfected with antibody
expression vector pETR1520, fusion GnTIII polypeptide expression vector
(pETR1519) and mannosidase II polypeptide expression vector (pCLF9).
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 ManlI-GnT1II fusion polypeptide, where
the GnTII catalytic domain is localized via the Manl} Golgi localization domain,
where the Manll-GnTII-encoding nucleic acid is expressed either on its own



and anal yzed as described in the Materials and Methods section of Exanple 5.
(A) digosaccharide profile of PNGaseF-rel ease oligosaccharides with no

addi tional enzymatic treatnment. (B) digosaccharide profile

of PNGaseF-rel ease oligosaccharides further digested with EndoH [0068] FIG
29. Anti body-dependent cellular cytotoxicity (ADCC) nediated by chineric
anti-CD20 anti bodi es gl ycoengi neered by expression in HEK293- EBNA cel |l s of
a nucleic acid encodi ng a Manf-GnhTI-24- fusi on pol ypepti de, where the GTlI|
catalytic domain is localized via the Mani Gol gi | ocalization domain, where
the Manl -GnTII1-encoding nucleic acid is expressed either on its own -24-
(anti body Chettjbody C&t}wx@bﬂﬁ&eﬂmmetaﬂﬁ)oaﬁpﬂobmﬁhg q&ﬂ@’dgﬂhagmhal I s toget her

with a nucI e| aCl d e 1S the r econbi nant
B8 anti - GRESRRILTER gﬂ\j@%@% ‘Béf%q*tﬁ“ewdlﬁ%r’ d¢? EK293- EBNA cel | s
transfect ed apitdDZthinked Yo @X @1ti66E (GOWFﬁrb&Ece@E\TmCEBM%% details are
described in Materjal s and Met hods secti on_of nmple 1. [0069] FI G 30.
FcgammaR! | | drangfeeipt #iith pmAbpdy FXppessian Yrstor @ W?ZOCDQEF“W&% 1213 es

gl ycoengi needeaibhy inRE8ISdna Mdttibds b8 ERNApIc ¢! | s of a nucleic acid
encodi n?q a Manll - GaTM fusi on pol ypeptide, where the GaTlIl catalytic domain

i s | ocal®08d vi a Fi%e30na ficpanmpaRilTa |regeaior bindingnof shigieric €20 he Manl | -

GnTI 11 -enco i (anti body Cort)
or co-expr ggg%@%ﬁ%%?%%%iﬁﬁﬁ%%@%Ppgqﬁo%gée%ﬁd I?l\ell\)avlmt h a nucleic

aci d encodiasi maeding CMpnI-GR T Sistorepolyn ﬁfWhﬁP the GabHbeataytic C2B8 anti - CD20
chimeric lgcﬂmﬁﬂﬁbﬁﬁﬁ&eﬁh@ﬁel\){arﬂf R%gzo ot WhHe SRk transfected

w th anti body expression vectorp I ndi ng assay was performed as
des)(r:rl bed | T{Ew@ﬁ@p@caﬁdlmmvée@@emﬁwm(m&p@ﬂm Human NK cells
expt essi ng PR3l i nd mﬁ:%B&)Pgroﬁ Elifs 13 e@‘%ﬁth"‘@%&cllné%ﬂt ed froma donor

of a genotype known not to produ tgammaRl | ¢ receptor (I.e., honpbzygous
for a gene sngediegManlh4€my divttds the vamodified, trmbmwﬁ%dmn-c\?ﬁ’?cohl n the

FcgammaRI | ¢ ,c0di < , e r jntensity,

measur ed by %cqggfﬁgﬁgé%ﬁéoeﬁ{ihg an%!li %]';t’}\r?fgn antt%dbody fragnent,

i ncreases W wih m&body&mnusstmaéquﬁ'mlmnﬁeammwmmdd@xmedm NK cel | s.

B ndll 10, 90t 6L Gl B bdlifter S RN SRITB Bibehfle S PREL R emonst rat ed by

use of a conp et
expressmg FegammaRITa receptor on their surface were isolated from a donor of

a genotype known not to produce FegammaRIlc receptor (i.e., homozygous fora
gene variant that contains an in-frame stop codon within the FegammaRIlc
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
chammaRlHa—speciﬁc antibody fragment (see Fig. 13).

[0070] FIG 31. Complement-mediated cytotoxicity of chimeric anti-CD20
antibodies glycoengineered by expression in HEK293-FBNA cells of a nucleic
acid encoding a ManIl-GnTII fusion polypeptide, where the GuTIII catalytic
domain is localized via the ManIl Golgi localization domain, where the Manl]-
GnTI-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 C2ZB8 anti-CD20
chimeric IgG1 antibody (“Cwt”) produced in HEK293-EBNA cells transfected
with antibody expression vector pETR1520.



FcgammaRul a- speci fic anti body fragnent (see Fig. 13). [0070] FIG 31.

Conpl enent - nedi ated cytotoxicity of chinmeric anti-CD20 anti bodies

gl ycoengi neered by expression in HEK293-EBNA cells of a nucleic acid
encoding a Manll-GTl Il fusion polypeptide, where the GiTlIIl catalytic
dormain is localized via the Mani Gol gi |ocalization domain, where the Manll -
GnTlI1-encoding nucleic acid is expressed either on its own (antibody Cort)
or co-expressed in the antibody producing cells together with a nucleic
acid encoding Manll (Cm). Oa is th&-unnodified, reconbinant C2B8 anti - CD20
chimeric 1gd@ antibody ("Cm") produced in HEK293-EBNA cells transfected

w th anti body expression vector pETR1520. -25- [0071] FIG 32(A-O).

Expressi i71ect or 51 GLESCY. A) Exppdssibe] 8¢bior{ BLLFR0A), pPERRMRA®),(4d. [ 0072] FI G 33
(A and B). Ex%gaigi?’o(é)vectors for fusion protein ManJ-@&1T (A and Gl T
(B). [0073] M i gosaccharide profile of an anti-CD20 nonocl onal

ant | bodymmducedmmaz {reard'®s eNBgprésbiof veBNREfusias froteln MAMI-GaTat i ve

per cent ages 3& d|i§ structures found associated to the Pc portion of the
ant i body. od o 8- (A and B). digosaccharide profile of an anti-CD20
nonocl onfdov@]ntl bogypspducedrighsabiBridy BRERCET h ahfieTUShedcRRAt ei N Manl | - GalT
] and relative percentages ofg t he structures found associated to the Fe
portion of t Hetibadypradaged indhe prsseaeec ariylamogidase apdelstiveperpniagedeF (A) and

EndoH (B) di gﬁ%fés@ﬁbhneiﬂ%@ﬂss&:ﬁa@d@@&e@@é bigeslyr RE aeiweRd in the presence of
a- Mannosi dase | | Manl 1) binds to the FcyRI Il A receptor wth higher

af finityl[@08dn t heFiF P24 g98B)- anpilgf@@ﬁ"b%ﬂde[(m}q@f Pf Gag7 . anfig¢ii290dy - dependent

cel lular cyt %&%El%hili{nﬂ“ﬁ%%ﬁﬂe&)ﬂthe é‘ﬁ% ofef M&IT-Gaignt i - CD20.
DETAI LED DESCRI PTI ON OF N\/ENTI [007 are used herein as

gengr al |y useddelptivpporegntages pf ﬂ@§i§uc@1r¢$é¢md§a;ﬂoc@e¢ﬁomoa@rh¢mfﬂms [0078] As

o ecul es. | AE1GH n0 FRHGETORAT T BEL S € ORT (AR R CHCEFIE (o

bi speci f £@y5I FI Antlbody produced in the presence of a-Mannosidase IT
(ManlI) binds to the FcyRIIIA receptor with higher affinity than the wild type

antibodies.
[0076] FIG 37. Antibody-dependent cellular cytotoxicity mediated by

glycoengineered chimeric anti-CD20.

DETAILED DESCRIPTION OF THE INVENTION

[0077) Terms are used herein as generally used in the art, unless otherwise
defined as follows.

[0078] As used herein, the term antibody is intended to include whole antibodjr
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.

t0079] As used herein, the term Fe region is intended to refer to a C-terminal
region of an Ig(G 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.



anti bodi es, as well as antibody fragnents having the Fe region and fusion
proteins that include a region equivalent to the Fc region of an

i nrmunogl obulin. Al so enconpassed are humani zed and chineric anti bodi es.
[0079] As used herein, the teen Fc region is intended to refer to a
C-termnal region of an 1gG heavy chain. Although the boundaries of the Fe
region of an 119G heavy chain mght vary slightly, the human |1gG heavy chain
Fc region is wusually defined to stretch fromthe am no acid residue at
position Cys226 to the carboxyl-term nus. -26- [0080) As used herein, the
termregion equivalent to the Fc region of an inmmnoglobulin is intended to

i ncl ude [pusbpr al | YAOGEH Heteit) R tefthire, Mr@ﬂe&;ﬁﬂ{leﬁzr% thd\Ec rEfod 8ALPN Of an
i mmunogl obul in as wel | as variants aV| ng alterations which produce

subst i t ut i on¥vmugagipbylisisintepded dpingpg rocqmRgelighe yrsentgatthease
substanti al | ¥, fé%ﬁm%@'aﬁ lishugl og,nﬁa W&iﬂ&?@g&aﬂlm% hividLatiRfbAL $hieh f ect or

functions (such as antibody dependent cel ar cytotoxicity). For exanple,
one or nore Praficacsubgiteipns ardiiony cdredaletions b thichNda @ptridesreaser C-termi nus of

the Fc regi O%}h%ﬂ“aﬁgn e@ﬂgggkg@g@@%@ﬁg&@%ﬁa&m@ fuh&ﬁﬁf of bi ol ogi cal

function. var i Ing to general rules known in
the art so a@utth)ashati@dmdnpmﬂfbnt cdlutae cytotoxicig)t Foi ¢xampleSens, orenagge, Bowie, J. U.

et al., Scie S er, fusi on

pol ypepti de Eﬁ%ogé&c%gﬁide%?e %982 %Q&%gsanﬁ“ﬁ' trﬂgnnsﬁée a%%flll activity"
refers to fumlmmqnoglyhmpmﬂielﬁsmﬂsmuadtoesofzhbﬂc@cﬁtﬁmﬂbmlguzlevanhﬂsadd| tion of a
N acety! 91 ucQsa R LAKENAGL | S5L Ael ol b al SRS bl O 11 niced

mannosi de of FI annosy re o osaccharides. This
i nc| udes f aseffeped actieitt. I(G&Segg(melEI] Ugetezﬂz.Swmﬂce 247a1(3t)6~\10(15990)s| mlar to, but

not’ nec ily identi an t Vlt

acetyl gﬁﬁ@@iam ny‘gi rgﬁeglf e?eé% I?I ’C’f)ng4 %%gsyl gl ycoprotein
4- bet a- N-ace&ey)ugdcdwm&ﬁirwfemseﬂh&ftﬁﬂ;&sﬁ’e:(sﬁffuﬁoﬂpolypbﬁﬂdesﬂﬁmerd| ng to the
Nonencl at ur e of ..t he t| onal stry and

Mol ecul ar I%O{ém‘e% ?ﬁéf%)m"ﬁf’gﬁ @P%"(ﬁal}lﬂe@'l%&m@@:“ réE)]ir%l ogi cal assay,
with or Wthﬁhﬁa €106 ehél FPRIE® Hhatmodide bhqlecaﬁmmds@r QoROsE Ndgeadency does
exist, it need not be identjcal to th

0(1, 4) - Nacepwﬁ%@@éaﬁnmywwﬂwagwmelslu'em&wcwant. ally
simlar to tReidoss $ePeRHeeQsdily 3dGhiVaNACH \blidtydSf B(1,4)-N-

acetylglucosaminyltransferase 11, also known as §-1,4-mannosyl-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 identical to that of B(1,4)-N-acetylglucosaminyltransferase ITI, but
rather substantially similar to the dose-dependence in a given activity as
compared to the B(1,4)-N-acetylglucosaminyltransferase Il (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 f(1,4)-N-
acetylglucosaminyltransferase I11.)

[0082] As used 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



conpared to the 0(1,4)-N acetyl glucosam nyltransferase IIl (i.e., the

candi date polypeptide will exhibit greater activity or not nore than about
25-fold less and, preferably, not nore than about tenfold |l ess activity,
and nost preferably, not nore than about three-fold less activity relative
to the [3(1,4)-N acetylglucosam nyltransferase I11.) [0082] As used herein,
af usi onpol ypepti de "having/3(1,4) galactosyltransferase activity" or
"having GlT activity" refers to fugyon pol ypeptides that are able to

catal yze the addition of a gal actose residue from UDP gal actose to the non-
reducing termnal A cNAc found in NIinked oligosaccharides. This includes
-27- fusion RGLYPARIERS efibHitY du-EatRASHIH sintilapel bk hbdheSdstiilyar t O, but not
necessarily identical to, an activity of "0(1,4) t'ransferase, also

. 0, , 4) - gal act osy|
known as UDPdentigpl: o anaetivity ofl BA Arasladtesylisapsierases plag kaevn g, é?P*z. 4.1.38),
according to, 2ngl 1. f .t of I L Uni on of
Bi ochemi st rnglﬁcN%{Eg%g?ra&éﬁ)i ogy %eNgFUI:?ﬂ\?tB#,%)’ag&ﬁ{éecglgjlrtcg;}ﬁ‘tll n a particular

bi ol ogi cal aNsmenclatuse tCommitiesi ofhihet htoatorde imivleoft Biochemitthe amhse wher e dose

dependency XISt } ot _be identical,to. that, of

0(1, 4) - gal ac 8%?@?%?’8%@%@%’3?%3 L RS Plghgi?a]sais?ﬁyi ar to the

dose- dependewitieor withautdioserlepehdéricy. Inyheassecahigtealoseicpendericlrdoes exist,

0(1, 4)-gal actosyltrapsferas i.e., candi dat e .pol ypeptjde w Il exhibit

gr eat er acti'{5il’te 3t %t“%ﬂﬁﬁ@gt‘ﬁﬁ@io&}%g&'ﬁ@%&qﬁﬂsﬁg ©a '%,m ferably, not

nmore than asabsthntabipbialier tb @esloscddpundeyce ift B diveDadtivity &f hphded to Not nore t han

about three-fol | ess activity relative th . . o

0(1,4)-N ace%‘?lﬁg*’@é@i"ﬁ??ﬁﬁ jﬂ?ﬁ%ﬁe@r’a‘i“é G?I}dit“i.)afe {"gmﬁ‘de@’ﬂhemf eic acid or

polj nucl elot i geat&aw"ﬁgoand’auﬁkﬁmnl iaﬁ&tﬁ@-ﬁﬂ@l&ﬁ@n&tprdf?ﬂﬂﬁ,notnfxdi’éthai(arfm e, 95%

"identical" to ar rence_nucl eoti de sequence of the presen invention, it

i s intended %ﬁ?&&twfﬁ@qﬁa&?w’iaa%mgwa%ﬁe@ﬂd#Pﬂ@ s, ﬁ‘ﬂé‘?ré%foil‘iie is identical

to the ref er ricRtiGEGHEMMS S GEIM)-N-Bedtyli i sReihVIRGEeAEL T Sequence may

i ncl ude_[@@:*to five point nmutations per each 100 nucl eoti des of the reference
[

! P : |
nucl eot kequedt nupigic a¢id appoligpelectide avigapupleotids saapense mddsh de having a

nucl eoti de sg# , 35% I"RiBStcal® 8V TefRdick dleokiBe RqiBEEHORE FrefiE| €Ot i de
sequence, up, to 5% of the nucleotides in the reference sequence may be

del et ed or siBEtPR.t Bdntegged thap themyelpotilg spaisrsepd thegrolypugleetideis of nucl eot i des

up to ﬁ% of f 1dBRichIRb Bl refBibide 8QMubrLE Sxdept thit hepBlyRIBRGEe RBEHENGS, MY be inserted
I NtO e rererence
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 a reference 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 F1IG. 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
anucleotide sequence or polypeptide sequence of the presence invention can be
determined conventionally using known computer programs. A preferred method
for determining 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 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



sequence. The query sequence maybe the entire sequence shown in either FIG
24 or FIG 25. [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 nucleotide sequence or pol ypeptide sequence of the
presence invention can be determ ned conventionally using known

conput erprograns. A preferred nethod for determ ning the best overall match
bet ween a query sequence (a sequencegof the present invention) and a

subj ect sequence, also referred to as a global sequence alignnent, can be
determ ned using the FASTDB conputer program based on the al gorithm of

Brutl ag et alhequeERligritht B @ ind sfbjodPhndehBes kSHNDNA foqudifes. a_sequence
al i gnnment the guery and subj ect seqquences are uences. An RNA

sequence can WHMGGWGG%W?Q Vregmortingtlhs W'T§ Tﬁﬁ@sﬂ@gﬁﬁlﬂ of said
gl obal _SequERR AL BTN by s PReBbntlyI PRkt palBieRIk il Bar amet ers used
nt o

in a FASTDB ali gn sequences t'o cal cul ate percent identity are:
Mat ri x=Uni t afASTDB- aliggimeniqof W‘@nﬁ@lﬂwﬁﬁ%r&abﬂyﬂa’te Rersenii Wgnteed: t y=30,

Rand t OJM& 0. G2 Si
Pegalotmyza(@)1 bgma\%%% L]%Pg%%geﬂ' E]fat Feng olf G%ﬁnﬁgu%ie%% nucl got: ég
sequence, whRandosisation Sirgupokength=0] Q86 ]Scort=1, {dapshebplbesd, Gamliace is shorter
than the q””%nﬁtﬁ%@%d%%ﬁgsﬁo%h? oftﬁef-sugjgl:t%h%}(?d&‘ﬁ?seﬂ %.cé)ecause of

internal deletro correc e’results. This
i s because t hvaidad®T BBhprtengr am does not account for 5 and 3' truncations of

t he subj sequepge C [ er subject
sequence % uncat e giﬂ\f,‘g qgén%e'salémggtﬁ%&g‘?re%fyaste%%%etbe&t“ﬁ{%query sequence,
ther) per cent 3i dbbibng, yotbecaswof mttratiddtions b cuatnal comgetidvenustbebeade of bases of the
guery seque he subj ect  sequence, ich are not
mat ched/ al i gﬁ%%ere 'zﬁsaq-éléFssogﬁafusgtpSg‘hgb%?rglg’mﬁjadsogssmf)?’ccgﬁg%Se@@hsequence.
Whet hera nudl emichtiters iof thewtigbe déqukncg wh@n icaloulstingrpercastdddayity Bl t s of t he
FASTDB sequence .alignment.  Thi ercentage,.i s then subtracred fromthe
per cent |gentsl1 gt seapehyc g{]ﬁ'”ﬁfaé‘ap&ﬁ%'e?’ﬁégﬁﬁ x}gﬁ'&%‘f%%%ﬁﬂ‘éeﬁ?% ng the
speci fied parareitddatitytio coxadfcteii\b@ camauﬁg' tﬁahurﬂaa’r@%hsei; detikiqhstyscore. This
corrected score is \E/i%gt |s us d_f gééﬁ ses of .t he Qresent i nventi on.
33 SB]P] are not

Only bases off®BIE uence whic
matched/aligned, as a percent of the total bases of the guery sequence. Whethera

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 unpaired 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




subj ect sequence, as displayed by the FASTDB ali gnnment, which are not

mat ched/ al i gned with the query sequence, are calculated for the purposes of
manual |y adj usting the percent identity score. [00861 For exanple, 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 gnnent does not show a matched/alignnment of
the first 10 bases at 5 end. The 1@S%npaired bases represent 10% of the
sequence (nunber of bases at the 5 and 3' ends not matched/total nunber of
bases in the query sequence) so 10%is subtracted from the percent identity
score cal cul atiatithr byarriplepa FONGIORbRCGHRARS it fonipared wéthiai 100 Bge qPy bases wer e
perfectly matched the final rcent,. identit) wo%%? be 90% In -29- another
exanpl e, a 96%E¥E ﬂﬁﬁ}”é‘gﬁe@g B?ﬂf%lnfeglag%]ﬁ?é?sesa ?lﬁreémfﬁ%asﬁése query
sequence. Thbﬁtﬁeimxbﬁmeaib?éct £5q6endé ¥hich bRMdthatiRddellicAiisvigOme hat there are
no bases on the 5" or 3' of the, subject sequence which are_not

mat ched/ al i gALAY-wintis pase the gerseap idephity cplpulated et ARPR ot manyalleng j ¢ y

cal cul at ed byorketEd DBndeSpdionBadablad 3' 60he KbfebdeqienselyAdakdhot ONl y bases 5’
and 3' of the subject sequence which are not _nmatched/aligned with the query

sequence ar emeieheraliened wih the gusay segpencagre Byaply corERsted fore Morathet i ons are to

made for the RUERERRSHGE afel6 mAASCRLRE phip¥REbE BpredeBDR¥eniBY a POl ypepti de
havi ng an amino acid sequence at |eaSt, for exanple, 95%"identical” to a

query ani®¥laci d Beypemesptidyhaving ap eminorieid;saanepge 2 iast; for pmpleat ended that the
am o acid SRENERIA  BRusl BifllcRObBERIrIR irbllRRbiERle ko (e auery

sequence except that the subject polypeptide sequence nmay include up to
five anino adttendad baythe aeine agiéreqeenshotitbosuliertrRobaeptifls inidentised tyuery ani no aci d
sequence. In@@a?séggmam&@_t&mwbj@tmﬁe@mé&@n&w AbnABugM no acid
sequence at |east 95% i dentical to a query amno acid sequence, up to 5%
of the anmi no &ciive amirosicidi ptisratiopspieeagh Hj0aernossids eftbe qypny amiso ptider t ed, del et ed,

O SUDSTIL UL Gtk in oBRAVBRL, 1ASD110a Afpflprial BEIAE AlbfloALiaRRRE the Tef erence

sequence nay occur at t| dmno or carboxy term nal positions of the
ref erence amnieheasbiVdidendigaldnequenyamingagidsequsniseunie 8 of theewinoesidi nal positi ons,

| ner sper sed gidueh dqulbibialdse maBDG.ERS! JHES, dubifubPhgh ence sequence

or in one or nore Contlghous roups e feference sequence.
another amino acid. These alterations of the reference sequence may occur at the

amino 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%, 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 (a
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,



[0088] As a practical matter, whether any particul ar pol ypeptide is at |east
80% 85% 90% 95% 96% 97% 98%or 99% identical to a reference

pol ypeptide can be determ ned conventionally using known conputer prograns.
A preferred nethod 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 t+3€-al gorithmof Brutlag et al., Conp.

App. Biosci. 6:237-245 (1990). In a sequence alignnent the query and

subj ect sequences are either both nucleotide sequences or both am no acid
seqguences. Tﬂéndoe&s&itd%eqhemaledgt@,l@abi’bnalt&eiq Gemiee Mﬂgﬁﬁﬁthihdmir n percent

et ctam oSSy BELANED BheptRE Smilh Ridsetienc p A Sl g 2

gndgm z[lat?[ann G dtﬂmelsﬁlﬁgi;baqu&e(sfsh&wlﬂ&it%e@ﬁwgwm?é%ﬁltdﬂt-ﬁﬁqrenc?hl epgt E
p Penalty i.ze Pen pw Size or e |l eng 0 e

subj ect am n "W‘@@%‘Eﬁ?@ﬁe fe(f’rﬁgg“é?a\(\ﬁge%%%raf’@fma PRS8BT ¢ he subj ect

sequence i s BoMBdeRH thehawitd. hensqy@ercyusa&ﬁmmm@gﬂ@ ddés ref acc&amt €1 M nal

del eti ons, n?%ﬂh}ecau e of jnternal gel etions, manual correction nmust be

made to the fnd Cqpmunal Gungahons o ﬂtﬂr%blpﬂwmw’a@a%l%@gg not account
for N and GCglobil phrddth idehtitin Otk bd tse{lueh&@u&waieaﬁttm@eqm@ﬁnmen cal cul ating

gl obal percent identity. For su sequences truncated at the N and

Ctermni, Featipiofke qugryseaveorss eypes@aueweyls tomscisdbeeirnlatingthe ity i s
corrected bypgabd @k adsidngs 6fhﬁe qiHRGGenRé tHaf Bre NLEHAAT tdniBaldrehy Sequence that

are N and Ctermnal of the “subject sequence, which are not

mat ched/ al | gA®EEchacapenge, ddichaagnoh Brichedidligned with 3 pagtesnpding subiecher cent of t he

total bases qkidhd)@s Skedelt STRMUEHIGRses YHRE By Rqhdiss, WRethdr 5 i hed/ al i gned i s
determ ned by results of the FASTDB sequence .alignment. This percentage is

t hen subtrac!sé’éﬁtcfhﬁﬂa’ﬁlﬁlﬁ@sB@WWEP@‘HMOWWF%WBISWGW- above FASTDB
PT OGr aM US| Noryid\RrSRESH i URH sRABABERGE the defoeRlifiintS, Blicduld Hthe PET cent

identity score. This Flna per cent entity scoré is what i s used for the
pur poses of meﬁﬁég'@@tprpmmsmsﬁhe smclﬁec! pyrmeles, oguvreat-finghd C-termini of

the subject query
sequence, 8&@%3%%&#%?@}1 Ee pur poses g#()?én%nugﬁs Ejus ing the percent
identity scoptfposeﬂ'bdéthepr&qenfameythu@mméuadaethpﬁsmdﬁﬂ@’muuvéﬂlde the farthest

N- and Cter gﬁb?e%k 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-termninal
residues of the subject sequence.

[0090] For example, a 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-terrninus.
The lﬁ unpaired residues represent 10% of the sequence (number of residues at
the N- and C- termini not matched/total mumber of residues in the query
sequence) 50 10% is subtracted from the percent identity score calculated by the
FASTDB program. If the 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




resi dues of the subject sequence. [0090] For exanple, a 90 am no acid

resi due subject 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 gnment of the first 10 residues at the NNterm nus. The 10

unpai red residues represent 10% of the sequence (nunber of residues at the
N and G termni not matched/total-3unber of residues in the query
sequence) so 10%is subtracted fromthe percent identity score cal cul ated by
the FASTDB program If the remaining 90 residues were perfectly matched the

final percepentitd@atilhtd BPEAITDB i980manalBeileakd. e®acEMghin, éhiP0 resi due

subj ect sequence is conpared with a 100 residue query sequence. This tine
the del et i on&sidys positiopeeyisaie tipdioqnd Srisrmaigaliepds,of thesubiprd Sqdu@ceides at the N- or

C-tennini of 4hiey AR BHASTERAMERR o hiel w3t Rekndmichadtial dgned wi th the
query. In this case the percent -31- identity calculated by FASTDB i s not

manual | y cor AWEY &guency are mageslly comefed fory Nojathss meeual eqresaionsatede de the N and
C-term nal eﬂ@ﬁa&ﬁfoiﬂ@g&ﬂ@e?&ﬁh@ tids displayed in the FASTDB
ched/ al'| gne

alignment, which are not” matched/ a w'th the query sequence are
manual | VI0®%31d r ect efis wsed herginy agndieie agidthaidhybridizesaméremiogent eondiionshe nade for the
pur poses of : .eﬁﬁéﬁ t] . ] % L1 ucleic acid
that "hybri dlwggé]gﬁﬁgggﬂsét |n%e%t?mg(% It1ons q‘?g%gﬁﬁ{ﬁ%{a%dec%aagi d sequence of
t he i nvent i ohybridizke irsant @vesnight ingnatibe ot 420 inheasolutioy lepinphtisiggs50%h an over ni ght

N 75 STy 5 Bt Nk TRl ot SRR 2 “pennarat s
o ol oned by veahing Cho [iLtrs o e e T 65C. [0002) AL
used herei n, g?%é”?\,gg%éf%‘?m} %’Sﬁ?ﬁ% foﬁﬁwﬁ%ﬁb‘i"ﬁagg%ﬁg{%n 92 amino acid

sequence of gsCGatghoutrass¢dent pol ypeptide which is responsible for anchoring
it in location within_the %I i conplex, Generally, localization domains

conpri sel9% il no t efhiisyd pereing Fgamﬁo%{pcghzgg%qlqmc{i@m toAle 3WBY herein, the
term ef f ect Okifi s&aﬁéﬂcaafaf@ﬁﬁ&&.ideﬂtpbﬁgegﬁd@wmhﬁakgsa&nsiby&fhi abhdrigg attributable
Lo e e T e O okahon Mwithis the Golgr complex. Oinerally, Tocazation demains

comprise 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 Fc region or amino acid

sequence variant Fc region) of an antibody. Examples of antibody effector

functions inciude, but are not limited to, Fc receptor binding afiinity, antibody-

dependent cellular cytotoxicity (ADCC), antibody-dependent -cellulax

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 engincer, engineered, engineering and

glycosylation engineering are considered to include any manipulation of the

glycosylation pattern of a naturally occurring polypeptide or fragment thereof.

Glycosylation engineering includes metabolic éngineering of the glycosylation

machinery of a cell, including genetic manipulations of the oligosaccharide

synthesis pathways to achieve altered glycosylation of glycoproteins expressed in

cells. Furthermore, glycosylation engineering includes the effects of mutations

and cell environment on glycosylation.



sequence variant Fc region) of an anti body. Exanples of antibody effector
functions include, but are not limted to, Fc receptor binding affinity,

anti body- dependent cellular cytotoxicity (ADCC), anti body-dependent

cellular phagocytosis (ADCP), cytokine secretion, imune-conplex-nediated
antigen uptake by antigen-presenting cells, down-regulation of cell surface
receptors, etc. [0094] As used herein, the terns engi neer, engineered,

engi neering and glycosylation engi #ering are considered to include any
mani pul ati on of the glycosylation pattern of a naturally occurring

pol ypeptide or fragment thereof. dycosylation engineering includes

et abol i [0095Ngi neeAs agd bkrein) thegbrpc Ry bell ¢covers afipkint € colluddr spstael |, 1 ncl udi ng

geneti c mani ti o s of th oI| osa nt esi.s pat hvvays to achi eve
altered gl yc%’i’ffﬁ ey E’o%?? ﬂ?é%?ﬁﬂ@%@@é‘ rProteing: PEOtelE 1 ¢ her nror e,

gl ycosyl ati Oﬂiagﬂéﬂt@EﬁfeFﬂi&s bﬂﬁtbté@leiﬁclhcﬁiﬁ Q:ftib&ﬁéssmﬁibod?-ﬁafgiﬂe@t@%nd and cel |

envi r onnent ? gl ycosyl ati.on. - 32- used herein, the term host cell

covers any kiHEPEgITotess. G‘V%l?ané’yg‘ﬁé‘ﬁﬁt\/ﬂﬂl%hwédﬁ%@a@ﬁﬂﬁtﬁ%é? EPIE® generate

modi fied glyephmizedlefls FHOATIN HostREIR e chit@EAENE 2g. HianBRddteh des Of
interest, including antibodies, antibody fngrrents and fusion proteins.

Typical |y, tKeesseellsefurl an SHO pellsn BREnFells) NEQ geliso SB¥Braslis YQpt i ni zed | evel s

of GaT I11. H@%Ionﬁedehss pmh w&ssaﬂyteufn%dceﬂwm célls PERWE'O@ cul tured
cells, such as CHO cel BHK ells, SP2/0 cells, YO nyelom

cells, P3X63hbf'iﬂﬂ§€laﬁ?ﬂ§1 l@ﬁséc‘z%lém%ect w@aﬂ@mlﬂcdlﬁmﬂwwafw&m hybr i doma
cell's, yeast GELAR corRRECHitthEA krhsgdtdnidhal W& Plant bQuit@Fo1aR Y @ few but

al so cells conprised wthin a transgenl C transgenl c plant or
cul tured pl aft2nigal tigfiemal tissue. [0096] As used herein, the term
Fc-redi ajgsh) cel | Uhé‘ﬁlféayﬁe?&&%h@térﬁ Fé‘f?z!e&&'t@c? celflidy ﬁ@eﬂé&zﬂ@ﬂ]ﬁ t cellular

cyt ot oxi C|ty and cellul'ar dytotoxicity nediated e Fe-fusion
protein cont aﬁ?ﬁoﬁydwwﬂlﬂélmxmmdceﬂslwqmtwmedmdham smleading to

the lysis of " ﬁ,ylrg i ctor cells",

wher ei n: [OOSf?%heqﬂ%O nggr?glﬁ{nrgru&rt\%ﬁhé e]"(l:&t?%ag1 ce Plon. gﬁg a lﬁ%‘% ation of

| eukocyt es tmhanwnslpﬂdaggtt?@eb@@@ﬁ?ﬂ@hbodaﬂﬂfgﬂeiqeﬂs’thyf“amammmmgh whi ch t hey

bind to the dt&%&n ereil@nti bodi es or of Fc-fusion proteins and perform
a

effector functrons.,
[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 Fc-fusion proteins and perform effector functions. Such a
population may include, but is not limited to, peripheral blood mononuclear cells
(PBMC) and/or natural killer (NK) cells.

[0098] The “antibody-targeted cells” are cells bound by the antibodies or Fc-
fusion proteins. The antibodies or Fe fusion-proteins bind to target cells via the
protein part N-terminal to the Fc 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
lysed in a given time, at a given concentration of antibody, or of Fe-fusion
protein, in the medium surrounding the target cells, by the mechanism of Fc-
mediated cellular cytotoxicity defined above, amd/or a reduction in the
concentration of antibody, or of Fc-fusion protein, in 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



popul ation may include, but is not limted to, peripheral blood nononucl ear
cells (PBMC) and/or natural killer (NK) cells. 100981 The

"anti body-targeted cells" are cells bound by the antibodies or Fc- fusion
proteins. The anti bodies or Fe fusion-proteins bind to target cells via the
protein part N-termnal to the Fc region. [0099] As used herein, the term

i ncreased Fc-nedi ated cellular cytotoxicity is defined as either an
increase in the nunber of "antibody-8&rgeted cells"” that are |lysed in a
given tine, at a given concentration of antibody, or of Fc-fusion protein,
in the nmedium surrounding the target cells, by the nechani smof Fc- nedi ated
cel lul ar cyt eyidxedity YaedRfel BS theaay entibddh bOFc-RsibR Ploeid, foduskd biye
concentration of antibody, or of Fc-fusion protein, in the nmedium

surroundi ng thfesamedypsef Hog qells, upipg thesaige siandgrdpradustion @urifieatian.of a gi ven
nunber of " a%ﬂnﬁ@ﬂ%ﬁ&ﬁsﬂﬁig‘{%@neﬂﬁ&é,thaﬂe'h@m&b’ﬁﬁﬁbsﬁdﬂﬁintﬂé/arl,ﬂﬁ mechani sm of
Fc -nediated cellular cytotoxicity. The increase in Fc-nediated cellular
cyt ot oxi ci ty that has| geti peent grogpeed cly |hoptacells3 snginepredt tox icupresy thedi at ed by t he
sanme anti bod = i § J > .. the sane type of host
cells, usi ng@%ggyétg%se{e%?éa%@39g?orge&%g%?ﬁ%gr}ﬁ }n(':ati on, formulation and
st orage HWd0Hods, Wyisstibody baingoimereesed vhribody ddpendensckellwian dygotemidity but  t hat has

t b i S S .
O ycosylt FandiES B pbiPta GEbAG, EORHGHER AOCEAPHERRy oy 11 gy
ant i body havisnigpblemetbakdadwatetidsocfordiaqeskilémtheas! Dot arceptedioviori city ( ADCC)

is meant an } } i.ncreased ADCC as determ ned by any suitable
met hod knom%éeg%é%ﬂg%/bgrg‘g%’nary skill in the art. One accepted in vitro

A assay i s as fipl | oths assdy used targes sallp thes e knawy &t expess thettdygdt are known to
expr'ess the target ntigen r ni.zed by. the antigen-binding region of the
anti body, 2) ag{%%%égcg%/me&gj sr%heh%‘ﬁg rbﬁ%(rﬁrll%ﬁéplé FtB? %%hg(ﬁ%nonucl ear cells
(PBMCs), isol at ed2jr onthblassag wes dumam cperipherat dsdnmoealutleyr cedlsor, as ef fector
cells; 3) th N rri.ed oyt accordin o.foll ow n rogtocol: i) the
PBMCs ar e isg?%xﬁsgfaﬁ%%ﬂ”aﬁﬁ%o a %’ﬁgﬁniyflh"sggh?ﬁhhﬂ‘ﬂ;“é’f’iaﬁgﬁ%F"Scedur es and are

suspended at cdllgg 106 cellshnl in RPM cell

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

i) the PBMCs are isolated wusing standard density
centrifugation procedures and are suspended at 5 x 10° cells/m] 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, labelled with 100 micro-Curies
of *'Cr, 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 microfiter plate;

iv)  the antibody is serially-diluted from 4000 ng/ml 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 corllcentration 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%



culture nmedium ii) the target cells are grown by standard tissue culture
nmet hods, harvested fromthe exponential growh phase with a viability higher
than 90% washed in RPM cell culture nedium |abelled with 100 m cro-Curies
of 51Cr, washed twice with cell culture nmedium and resuspended in cell
culture nmediumat a density of 105 cells/m; iii) 100 mcroliters of the
final target cell suspension above are transferred to each well of a
96-well mcroliter plate; iv) the amdibody is serially-diluted from 4000
ng/m to 0.04 ng/m in cell culture nediumand 50 mcroliters of the
resulting anti body solutions are added to the target cells in the 96-well
mcrotiter p(angaqidss kdl@idnof donlighit detbret ANbRIWE, SibdabSeL 0@y CENt rati ons
covering the whol e concentration range. above; v) for the naxi mumrel ease
(MR) cont r ol &stead afhg wtiBedy solytipy ot |y 8bpi¥e)ipl at e cont ai ning the | abel | ed
target cells, receivep0 NighQl ibRhfeol refoa”PSRY 4ontfol, ¥ ad@fiBg@US sol ution of
non-ionic deterg_entqiéNoni det, Siegma, St. Louis), instead of the antibody
sol uti on (poivsts imtheplae syntaiging thedpbetlethtargsinellaitessivg Saniemliters©6R) controls, 3
addi ti onal [ ] L %Qﬂg L : et cells; receive
50 mcroli te\rkgkvgf%eﬂ %ﬂP%%q%%\%g% turfgﬁcirfu\g:1 | g%%@%@@@hlngﬂ a%)ﬁ‘ée%anti body sol ution
(point iv above); vii Vi) hethg86vislimierptierplatetisthen cenwifiged atli@ngéent ri f uged at 50
x g for 1 m aRdnd .hour at 4C; viii) 50 mcroliters of

t he PBMC sug}log&r@lﬁ%n (p%ﬁggt?@?o;ggg%%‘;?fe added to each well to yield an
effector:target cell mwit)i oS@icBiters ittt FEMC pispénsion fpoant i gbbeedme i n an

i ncubat or un 9 e i . WS ol cell-free
super nat ant ?‘%%?Oeggc S\%eolrweﬁ‘gghn%fe\?%%?%é&ae{%? ho:})ﬁgg'ggdetrh?%ﬁ%tﬁ%%ﬁ y rel eased
radboacti Vi t platderRy ai mcchatom tinder 6% Qi atmgosphayaaBi°C Godimbes; x) the percentage
of specific lysis is | cul,at for h.,.antiho concentration accordi ng
to the fornmula (ER- I\/R)q’?s( MR- I&?lggei%%g&%ﬁgrog %‘%“Fﬁ‘%‘%g%eé‘ra&%e radi oactivity
guantified (secexpeimdntally rallbased radimartintityaER) is quantified using a gamma

counter;

X) the percentage of specific lysis is calculated for each
antibody conceniration 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 concentrafion 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 is relative
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 glycosyliransferase GnTIIL

[0101] As used herein, the term anti-CD20 antibody is intended to mean an
antibody which specifically recognizes a cell surface non-glycosylated



anti body 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 rmaximum percentage of specific |lysis observed within the anti body
concentration range tested above, and/or a reduction in the concentration
of antibody required to achieve onéshal f of the nmaxi mum percentage of
specific lysis observed within the antibody concentration range tested
above. The increase in ADCC is relative to the ADCC, neasured wth the
above assay, ph@ghdidtéln bf 3500sPaRonaNtybRaty desigha@dugetle Bundahep sane type of
host cells, @Fﬁg t he s,an& standard pr.oducti on, {,)quri fication, fornmulation
and storage gide TRt dHTeEenRARRR AN gey BRjSe comppniy geferred 1088 art, but t hat
has not been¢prpaduced by host cells engineered to overexpress the

gl ycosyltransferase GhTI|I. [01011 As used herein, the termanti-CD20

ant i bodyl01 @&l nt enBlspresent iRy aRicn i based pr hediscovry that caplaesing aribpdy- r ecogni zes a
cel | surface nansigh ¥e@s¥ aifts- 350y hasel eRlypside 0hind5pQapnbal tons,
typically dem%gat ed as the human B |ynphocyte restricted differentiation
anti gen Bp35 2cctdptenseminylEpnsfarasy Hlof JCetgity polaiemativedy, f(bdent i nvention is

based on the gggﬁgﬁ}mﬁéfeﬁ%g&ﬁﬁ@%i Mﬁ?)la% @%hgggme G;c{l%qU&iiEh@ioﬁel |'s to express

a novel fusi ol'ypept i1 de havi'ng 0 cetyl cosam nyl transferase
111 (GnTl 1) demeinwf & (Foigk resident pelypeptidetepultsi antibpdieyyeitaincrsesgll Fe ansf er ase
("@IT") acti.yl CBﬁR' i Ih‘g [ i zaty . in of a Golgi
resi dent pol 3%’3 th]i gg@%ésu té, ?‘?1&13?“ I egtcjalgté?%kov{/i @ﬁaéohcr é\'gl{sgfehah‘%g}?ar ecept or

bi ndi ng af f i aitibpdizsdith increesad effectok fimctiaprand/omistreased Foxeceptonbindingl vy, ant i bodi es

Wi th increas f L el 2 bi ndi ng can
be obtai ned %%1 g%\%?%&hﬁ“ﬁ%@%ﬁ%%&? Bllrag‘é]cﬁl%s%gs E@Taﬁ&?%gﬁ%gve i ncreased
expressi on ofexpressivo| ofi ac nerddicd acit Ireddedule encediog ng palypeitidpdptingle-havi ng a-
Mannosi dase . al vt ivity. In preferr i ents. the fusion
constructs hall\{lﬂnﬁgé%é;ﬁ ga%icfwg%ti \?Illtp??%rfeg %%Lé@é?b%%sg% é\nﬁ]{oﬂ nucleic acid
nol ecul es encathimgs Muvirlgl GrifIII@n TalT activity are coexpressed with nucleic acid
molecules encoding ManIl or GnTT.
J0103) Accordingly, in one embodiment, the present invention is directed to an

isolated nucleic acid comprising a sequence encoding a fusion polypeptide,

wherein the fusion polypeptide has B(1,4)-N-acetylgtucosaminyltransferase Il
(GnTIH) activity and comprises the Golgi localization domain of a Golgi resident
polypeptide. In a preferred embodiment, the fusion polypeptide comprises the
catalytic domain of B(1,4)-N-acetylglucosaminyltransferase III and the Golgi
localization domain is the localization domain of mannosidese II. In a further
embodiment, the Golgi localization domain is the localization domain of GalT.
[0104] 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 catalytic domain of  B(1,4)-N-
acetylglucosaminyliransferase Il and the Golgi localization domain is the
localization domain of PB(1,2)-N-acetylglucosaminyltransferase I (GnTI).
Preferably, the nucleic acid has the nucleotide sequence shown in FIG. 25 and
SEQ ID NO:12. Aiternatively, 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 consisting of the localization



[0103] Accordingly, in one enbodinent, the present invention is directed to
an isolated nucleic acid conprising a sequence encodi ng a fusion

pol ypeptide, wherein the fusion polypeptide has

D(1, 4)-Nacetyl gl ucosam nyltransferase Il (G1TlII1) activity and conpri ses
the Golgi localization domain of a Golgi resident polypeptide. In a
preferred enbodi nent, the fusion polypeptide conprises the catalytic domain
of 43(1,4)-Nacetyl gl ucosam nyltrangkerase |1l and the Golgi |ocalization
domain is the localization domain of mannosidase Il. In a further

enbodi ment, the Golgi localization domain is the |ocalization domain of
GalT. [0104] dd?ﬁ@i&r@gym-a&é%ﬁgm&ﬁmﬁ&mﬁwseucmaﬁ;bshzmdbﬁsineflcI eotide
sequence shown in _Fl 24 and SEQ 1D _NO 14 i n anot her preferred enbodi nment,
the fusion pompsdpelgadthsionalizaion domainefiodt§areiagesvliensierpseg( 1, 4) - N-

acet y1 olispan nith bidifks LRIARE chbdaifil! ddifrodehl ilenlififRliadld iof, domain i s the

| ocal i zation domain of 43(1,2)-Nacetyldlucosamnyltransferase | (GnTl).
Preferably, uplatedgedles acideiraprising asenuenpgdhab endodes awipperitle batiegn in FIG 25
and SEQ ID : fh , | 4 i i n of anot her
CGol gi  resi d%l%am%éa;ié'g%ﬁeﬁ% %@A %‘eFIéaQ%dﬂSgl n 2a]hn)g)tqﬁelrsng)l%ﬁte 'grstrglg‘gaenbodi ment ,
the Col gi | 8EQMP N&x130 Aheipwsentintentiguilsochedphssenantisodatagimoclgic eadhsi st i ng of t he

| ocal i zati on_-36-. dommj AR cet | ucasam transferase |1, the
| ocal i zati oncodué *r‘asfng .gﬂe&lﬁ%%engé#cf%%%% g"‘h&étt tréng?%cgﬁa}z/t{é’ﬁ gﬁ %Iorrai n of al-6
core fucosyl hyteidizhtmgsehe thedboBtideneqammat hEwhioh edmsistsefithe mdabtident , t he present

invention is_directed to LS ucl ej id I.Slg a sequence

t hat encodesS’ezglluef)n(‘);fJ §h6g6t1?§1§'§? m@ﬂﬁ@g%oﬁg@% 3’“15%@'12h0m in FIG 24
andé)SEQ I D mﬂ&varﬁofliﬁmﬁ&r ai_irelctedSEQm Eh@teﬂl_&m_crsineaqm e&npﬁsiﬂgn:;/ﬁnti (r)]nba! 3_0
enconpasses an iso ed.puelei £oacid .6 LiSh 0,S e at hybri di zes
under stri ng%eﬁfw%ﬁtgfﬂ%gﬁg%g’@ﬁﬁ%ﬁﬁcﬁ? a?i%@%ﬁgéég%ﬁgﬁﬁoﬁﬁ eoti de sequence
of whi ch consuddotidodeqiidnee showh &RIGOE! and SFQADMND:$4h @nAIJ. 05 BdBE®@4 and SEQ | D
NO 14 or FlI and_SEQ.ID NO 12. =~ The invention is further directed to an
i sol at ed nu?%%@‘%iﬁ‘é"gﬂﬁ POpofymept, the fyshfien Ig dirpgtect o @o‘%ﬂa%%% 90% 95%
2&20(1@ 827(;)%? D9§%ﬁdmﬁ or .FI Gﬁhgg%qﬁénee cdil'Ei&f':l\j“{o .eﬁiﬁin a %her ig&ng\ggi imr;n'ltzl G:[ hg4
i nvention i sa‘éﬁ‘*&‘&?‘@ﬂa‘ﬂw 5 %6&3?"2@5%56%9?7%36%&%@@ a sequence
that encodest aploydRaehEicd EIG. DY a SEOIINNO: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 further embodiment, the present invention is directed to a fusion
polypeptide having PB(1,4)-N-acetylglhicosaminyltransferase III activity or,
alternatively, B8(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 Ill. In a particularly
preferred embodiment, the fusion polypeptides further comprise the Golgt
localization domain of mannosidase I or B(1,2)-N-acetylglucosaminyltransferase
I(GnT)). In an alternative embodiment, the Golgi localization domain is selected



acid sequence at |east 80% 85% 90% 95% 96% 97% 98% or 99% i dentical to
the am no acid sequence FIG 24 and SEQ ID NO 15 or FIG 25 and SEQ ID NO
13. The invention al so enconpasses an isolated nucleic acid conprising a
sequence that encodes a pol ypeptide having the am no acid sequence of FIG
24 and SEQ ID NGO 15 orFIG 25 and SEQ I D NO 13, with conservative am no
acid substitutions. [01061 In anot her enbodi nent, the present invention is
directed to an expression vector wma7ch conprises an isolated nucleic acid
of the invention, such as those described above. [01071 In a further
enbodi ment, the present invention is directed to a fusion polypeptide

havi ng 3(1, 4¥oht e %Eo&ﬁb GbhkEsting Y el hEApaos rd@ﬁxﬁm' dfl mambdildst ¥, 88
alternativel 0(1,4)-gal actosyltransferase ("@G1T") acti Vi ty, and

conpri sing t alz@‘i’fgldmp@)‘&aq’f p@i Nﬁ%@c%aﬁlﬁﬂy&fﬁéﬁe@ﬁ%%gﬁés %ol gi resident
POl YPePt | de. 1cliaRérRlofia o 004 NEERiEns . THERARNBOhIRRRLIES Of t he

i nvention conprise the catalytic domain of

0( 1, 4) - N- acethpipgsert dapionyraybanspercd Beculiuringthe hosh pells ofithapregent pr ef er r ed
enbodi ment,  §Rg gsih QHleJﬁ% g%}lcbxgcﬁécﬁf_s&ﬁ&sﬂﬁ%thgggﬁéésﬁﬁ oE‘PE ngaél?er al ocal i zation

domai n of mannosi dase acety osam nyltrans
(GTl). In araclélem@rlmatsal@éﬁlseqm&tfpnmm and teeov@ohg)kaid wswhipphpéntide domai n | S

sel ected -37 r Elpﬁ consisting of the | ocali zatl on donai n of
[ Foal[tﬁéer}e octaflﬁlﬁ9

nmannosi dase I, I'zati on domai n of
13(1, 2) -[Moftet yl gThequssantiimmehtionan ffrtheratimcted to mdhttd\brmbd!Mgmatl on domai n of

al -6 core f . r . . S e present
invention ma &gé%iraé%gpégﬁbéfsgwgﬁ%ﬁ%ﬁ%o chﬁ ;PEQ Icgﬁo D%Hm;l resent

i nvention i niraroﬂmjhixgjmtmradérhostocmli aimclslcadcidom mg:tdrhﬁ g grestioon of the
nucfeic aci n tide ecover | sai d fusion
pol ypepti de %F?o%bq r%e%}o?gﬁeﬁp @?ﬁdg‘gﬁﬁﬁgﬁt%ﬁ%fcc’m@g %ttﬁ?nventl on is
fiuther diredteesidm Moﬂqﬁbfadbh&rpme@upépﬁdmgs Ighe, o1gh ﬁtagngﬂtaharmlﬁ profile of a

pol ypepti de produce %2 host .cel | ISI duci |nto sai d host
cell a nucl e"¥" &Y tg? GaePeY OF apatler Pﬁ%%ﬁ dmﬁ" f ¥ HRAd ¢ he nodi fi ed

pol ypepti de IpSlyb@ﬁd@i’s amsfdnq:gcrmnthai]hﬂﬁ&@ﬁwgmqmﬂétgtdthchﬂégoneg| on. Most

pref erably, t?e @%ﬁg&p“ de is 1gd, or a fragnent thereof conprising the
Fe region. B preferred enbodi nent, the nodified

{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 p(1,4)-N-
acetylglucosaminyltransferase Il  activity or, alternatively, p(1.4)-
galactosyltransferase (“GalT™) activity, in an amount sufficient to modify the
oligosaccharides in the Fe 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 cellis 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 2a human IgG,
eg.,lgGl.

[0110] The modified polypeptides produced by the host cells of the invention
exhibit increased Fc receptor binding affinity and/or increased effector function



pol ypeptide is a fusion protein that includes a region equivalent to the Fc
region of a human 1gG [0109] The present invention is further directed to
host cells conprising the nucleic acids and expression vectors of the

i nvention. In one enbodinent, the present invention is directed to a host
cell engineered to express at |east one nucleic acid encoding a fusion

pol ypeptide having (1,4)-N acetyl glucosam nyltransferase Ill activity or,
alternatively, 13(1,4)- gal actosyltmngnsferase ("Gl T") activity, in an
anount sufficient to nodify the oligosaccharides in the Fc region of a

pol ypepti de produced by said host cell, } wherein said polypeptide is
sel ected from4 ﬁeulgmu@msmsa&hl mgefaSblya W RERased BE reshyr WRdiggul e, an
anti body fragnment, and a fusion protein that includes a_region equival ent

to the Fe re#ifigiy tsfmcawwrhmh%ﬁgﬂom iagtivating rgcapiosf eh esghe B nent, the
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anti gen- presgﬁ“ﬁ'i"%‘@ @Ot fogreas ESH'CGFQEE%'H’ €rc-nedi ated cel lular cytotoxicity,
i ncr easqditaindi ng[nta@aﬂﬁ&ﬂﬁﬁlﬂrsfmed dirtbibdinrenicihb howt tallprite iesticoaihages, i ncreased
binding to p nor.ph cl - ased pindi,ng to nonocytes,
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signaling i ndid;ﬁsdlﬂye?cﬁﬁm&ema PERIcBL, £PErRdec danel 4 hytgidemh kell ARitth¢ at i on, and
increased T ceII E %

polypeptide produ ed 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 EGFRvIII antibody, an anti-human PSMA antibody, an anti-human PSCA
antibody, an anti-human CD22 antibody, an anti-human CD30 antibody, an anti-



[01111 In a particularly preferred enbodi nent, the host cell of the
inventionis a CHOcell, a BHK cell, a NSO cell, a SP2/0 cell, a YO nyel oma
cell, a P3X63 nouse nyeloma cell, a PER cell, a PER C6 cell or a hybridona
cell and the polypeptide produced by said host cell is an anti-CD20

anti body such as IDEC- C2138. In another preferred enbodi nent, the host cell
is the chineric anti-human EG-R nonocl onal antibody C225. 101121 In
addition to conprising a nucleic aci38 encodi ng a fusion pol ypeptide of the
invention, the host cells of the invention may further conprise at |east one
transected nucleic acid encoding an anti body nol ecul e, an anti body fragnent
retaini ng a TAGE2 wdibally, ko antébigh moleowlarawdigls intianpme t@beiatbdattigemnc| udes a regi on
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humani zed  apfti-cDLITBRIbIDY, lah AR e YQRBIIROS] SitRhudn ahtRdy, B3648V04, the

humani zed anti-_human col orectal tunor _antibody A33, the anti-human nel anoma
anti body di M&G18amthody,38 antichman SRGH resibodns axgnii-humana COAS #8P9dy, ant i - human

squanous- cel by ardftiHuedal QTMOMERRSdy Ohednti Akt OB 5 SHitddy, AhnflhirnadUman EGFR
anti body, an _anti-_human EGFRvfI Il antibody, an anti-human PSMA anti body, an

anti - human PSBA? aniikpdsh arapti-taynan £P1 38 aoHbady.epaoti-Hpeand By DRyariaght | - human CD30
anti body, anagibdy, as 9ati- RGP ESTAN AR6NAdy, 3R ﬁﬁlﬂumﬂﬁgﬁA@h&%g%{ vei ght

mel anoma associ at’ed anti gen (HWWRA) anti body, an anti - gangl i osi de

ant i,body, anauhimappAUCH anodyandet-hnabdHE] e pratein aibodyamy| i osi de
ant i’body,  an,@iinRUAB A SAIHs|I95d SEIca AhERA Y afboddnEERY U anti body, an

anti-integrin antibody, an "anti-CD80 antibody, an anti-LeY antibody, an
anti - nuci n afbiopsty varagisgaptpiningeRD-Brdomsine gr anprtidyman HER&MOWCD33 ant i body,
an anti - humagm@%g anti body, an anti-human CD40 anti body, an anti-human
CD45 anti body, an anti-human CD52 anti body, an anti-human CD138 anti body,
an anti -[AUdhn HLAThBRressnt mmentiomny albo diyectedntogen tethind fempB@Civg ant i body, an

ant | - human. ChAvABKAEAY noekBon Skl T8 M 26s B gilho % 1 - NUTan MLCL

core protei
express at least one nucleic acid encoding a fusion polypeptide having B(1,4)-N-

acetylglucosaminyltransferase 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 GnTTI 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  p(1,4)-N-
acetylglucosaminyliransferase 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 II or f(1,2)-N-acetylglucosaminyltransferase 1 (GnTI).
Alternatively, the Golgi localization domain is selected from the group consisting

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



anti-human aberrantly glycosylated MJC 1 anti body, an anti body agai nst human
fibronectin variants containing the ED-B domain, or an anti-human HER2/ neu
anti body. [0113] The present invention is also directed to a nethod for
producing a polypeptide in a host cell conprising (a) culturing a host cel
engineered to express at |east one nucleic acid encoding a fusion

pol ypeptide having 0(1,4)-N acetyl glucosam nyltransferase |1l activity or,
alternatively, 0(1,4)- galactosyltrdfisferase ("GlT") activity, under
conditions which permt the production of a pol ypeptide selected fromthe
group consisting of a whole antibody nol ecule, an anti body fragment
retaining a Nlleaﬁaylig,maahmﬁgh ltfaagferad ,H,aﬂd]ciiﬂﬁlod‘a}iﬁtiﬁmd&rm‘ifgef@ ltdﬁei ncl ude;da
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conpri ses t hentigprdygieppnsienicplularicyatogisityi incregsedantibpdyrdepandat eplllar pol ypept i de.
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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. In a particularly preferred embodiment, the polypeptide
produced by the host cells and methods of the invention has an increased
proportion of bisected, nonfucosylated 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



cells, increased binding to macrophages, increased binding to nonocytes,

I ncreased bi nding to pol ynorphonucl ear cells, increased direct signaling

i nduci ng apoptosis, increased crosslinking oftarget-bound anti bodi es,

i ncreased dendritic cell maturation, or increased T cell primng. The

I ncreased Fe receptor binding affinity is preferably increased binding to
Fc activating receptors such as FcyRIIla. [0114] In another enbodi nent, the
present invention is directed to a pé#l-ypeptide produced by the nethods of
the invention which has an increased proportion of bisected

ol i gosaccharides in the Fe region of said polypeptide. In yet another

enbodi ment , tpgreferablyuplpt H6S, mregtef&dahbat 1689 7%; invpelprefefablyng idamtvent i on has an

i ncreased pr tion at ol i gos hari_.d in the Fc region as
a result of %ga;?’a‘mﬁ%?}?frf’f Elzitapé g%’e ﬁgﬁ g%‘ﬁ"ﬁ'g%"‘dng} %%6 ?fgrldes may be
of the hybritHe ﬁﬁlyvé@m%'aﬁ@ﬁmhﬁlﬁ&yla{eﬂ @h@ﬂé&b@éﬂfﬂ{e'pk’esaftﬁfv@ﬁt{cﬂdna%ﬂbOdl ment, the
pol ypeptide produced by the host cells and nethods of the invention has an

i ncreased  pra&dEdEEiio BPdE‘ieé’@b’P%deSﬁBWéééwséﬂ% BPE gErdeaeliyidl i des in the Fc

region. The 1%5@@%%mre$%£éxa&9§eakéﬁ £6b; 0hb8 QpRG IR L BES 30RYymbR ei ther hybrid
or conpl ex. SpeC|f|caII§$ t he net hods of the present invention may be used

to produce poefgrsblytat lgest 35%, mpre prefeebly atdeast 4050morpprefebbr dde8 v at | east

20% nore pr@fo/@rﬁaleypr@f&am@aaitlea%@%%, Fe Bfeﬁérmi@ta{ YeaSt! 53962bre30% nOI €
preferably at | east % nore prefera | east 40% nore preferably at

| east 45% noreferaplyat @P%é@%' 1gere P@.ﬁ%@blﬁﬂ%ashﬁ”/e myrepisierablyatdast east 55% nore
preferably at7ge@agbre ﬁ J%PI?%% 954! aRky pﬁ?erib‘?f‘%% Hn% O%Dhﬁraoref erably at

| east 70% nore refera east 75% "nore preferably at |east 80% nore

preferably atprefessly at EMSW@G H\e@ﬁébf%bystaﬂo%ea@? Pmblmrl@stpr eferably at
| east 95% g, -l HERLEN AN MafbsliOaREe Bt JBLCH Rl at | cast 97%

nor e preferably at 8% nore pre east 0) of t he
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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 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 nsed 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-



preferably at |east 60% nore preferably at |east 65% nore preferably at

| east 70% nore preferably at |east 75% nore preferably at | east 80% nore
preferably at |east 85% nore preferably at | east 900% nore preferably at

| east 95% nore preferably at |east 96% nore preferably at |east 97% nore
preferably at |east 98% nore preferably at |east 99% of the

ol i gosaccharides in the Fe region of the polypeptide are bisected. Still
further, the nethods of the presentd4d-nvention nmay be used to produce

pol ypeptides in which at |east 15% nore preferably at |east 20% nore
preferably at |east 25% nore preferably at |east 30% nore preferably at
Ieafst 33;%; M]ﬁia&ﬁeélgg?/l@ywo&icity @acfsﬁdiﬁggﬁfcremmbwyefepm%(yaityemarl eafst 45%; nor e
preferably at | east 9 noye pr ra at | east % pre preferably at

| east 60% nﬁy@wﬁ}cg?)er‘%?aﬁeé?m}%@g’é‘&pﬁ% Fﬁﬂ"g‘ PEP@FgP%bI(ﬁDQ?)’I east 70% nore
preferably atindr@aeit cyfsiife TRERioR! RERLBD iMmAhe-tAARE-mERNed IRERu P €f erabl y at

| east 85% nore preferably at |east 900% nore preferably at |east 95%
nore pref er abPipkaby prtigsp-porsoptingsells. inprepssd bindingote Nk sells, ingfpagednpre preferably
at | east 98%piiRigS0 E{a&%ﬁﬁa%@, iiwﬁ&seb%ﬁ&ﬁxg?&%n&?te&ﬁ&reaﬁﬂd‘b@%@%ﬁhar' des in the
Fe region of the polypeptide arebisected, nonfucosyl ated. he net hods of
the present ipalvestnheppcipascelis, insrepsed disstpignalingindicinganeplogipdistertds in which at

| east 15% My Roplieb s AbloLoind afifipliod Hreddl endlieh o2fl BthaBh, dreast  25% more
preferably at l|east "30% nore preferably at |east 35% of the
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I ncreased proteins having a region equivalent to the Fc region of an immunoglobulin of the

present invention and a pharmaceutically acceptable carrier.

o117 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 therapeutically effective amount of the pharmaceutical
composition of the invention.

[0118] The present invention is also directed to a host cell comprising an
gxpression vector comprising a nucleic acid molecule encoding a fusion
polypeptide, wherein the fusion polypeptide has (1,4)-N-
acetylglucosaminyltransferase III (GnT III} 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 Il activity are on the

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



crosslinking of target-bound antibodies, increased dendritic cell

maturation, or increased T cell primng. In a preferred enbodi nent, the

i ncreased Fe receptor binding affinity is increased binding to an Fc
activating receptor, nost preferably FcyRIIla. The invention is further
directed to anti body fragnents containing the Fc region and fusion proteins
that include a region equivalent to the Fc region of an imunogl obulin.
Such anti body fragnents and fusion p#dbteins exhibit increased Fc receptor
binding affinity and/or increased effector function. [0116] The present
invention is further directed to pharmaceutical conpositions conprising the
ﬁ”ti bodi es, afsibopslyp eﬁtitca@eﬁﬁzﬁ.&sEﬁhgm@ﬁm@mdﬁeot;@mmgimma@fmgﬂrsi onf IOL ot eins
aving a region, equivalent to _the F¢ region of an_ i nogl obul i n of the
present i nverRrPiERedampo H%W&WF@&W“&%@E‘@&‘S%P&H{%?W er. [0117] The

present i nvendon@ih deddalit Bﬁ@[zr)ﬁliéc%{iﬁﬁﬁo%ﬁﬁﬂﬁmﬁﬁﬁas@i gg%m_phar maceut i cal

conpositions in the net hod of treat ment of’ cancer. ecifically, the present
i nvention is atylebcessminylteansferasedll magnosidage or ebbAbere of cancer conpri sing

adri ni st o1 | et REEARE! Gk les AR oK odiTBN o Bt LG BREERCEUL | 0ol

conposition e 1 nvention. he present 1nvention 1s also directed
to a host celfrorethwgrdup conyisting ofex mammelianvellacseast cello mpinsesi eadl and nucl ei ¢ aci d
nol ecul e encaog| faSd t.] r.ad fﬂgﬂ' pol ypepti de has
0(1,4)-N acet%%ﬁﬁ%%s%%%ﬁ@%ﬁ%?%@é%géﬁw@@&I i F%‘?aact |é\%|ﬁ’ty and conpri ses
the Golgi | cadif2¥aell,arY @oyelomacéll, a PEEL3 mpes ngelotmapgell,\wiHRtdelle; and an
expressi on ve [ S cleic acid nol ecul e encoding a

pol ypepti de, ﬁ%gﬁ%@ﬁ@ﬂgﬁﬁgﬁ%ﬁ de has mannosidase Il (Man I1) activity.
I n prefeftldd] enbodhemmerdion firther pravidess istoell chnpisiag art expresshomdrectgr t he f usi on

pol ypepti de and _t.he nucleic..acid , nol | e encadi ng.t.he. ypepti de havi ng
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anot her pr ef eNnedylgrasahinmpintysfécize TH GaT M) sctivity pod gopgpisesdiee Galgipr i ses t he
catal ytic d_orrlai n. fo Talle IR @0 4 ditional . preferred e odi ment the
ol gi | ocal | ZaraReBoRErr pC 2 ol TR HUFBlce Bonarenr= VERH ||

P3( 1, 2) - N- acedopdpgibing asmutldiy kéid ancleatea seoling A folipepfitle, wherein the

FoeL 0 oo 3RS Shast n ARRIL A8 e &L PSR, ot
sel ected comprising a nucleic acid molecule encoding a polypeptide, wherein the

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

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

the nucleic acid molecule encoding a polypeptide having Man II 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 II 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 II 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.



fromthe group consisting of a mammalian cell, a yeast cell, an insect cell

and a plant cell. Preferably, the host cell is a CHOcell, a BHK cell, a
NSO cell, an SP2I0 cell, a YO nyeloma cell, a P3X63 nouse nyeloma cell, a
PER cell, a PER C6 cell, or a hybridoma cell. [0119] The invention farther

provi des ghost cell conprising an expression vector conprising a nucleic
aci d nol ecul e encodi ng a fusion pol ypeptide having 0(1, 4)-

N-acetyl gl ucosam nyl transferase |11-4¢GhT |111) activity and conprises the
Golgi localization domain of a Goli resident polypeptide, an expression
vector conprising a nucleic acid nol ecul e encoding a pol ypeptide, wherein
the poligieept i de ihasadaivagaspdasme inbertivh i dirkdtedis b hist tall compelsiag expr essi on
vector conprising .a nucleic acid nolecul e encodi ng ol ypepti de, wherein
the pol ypept® SRPrEsiSn gectormemurisiag 2 yrglels Asidamels QF‘P&% Grigget || (T 11)
activity. | npoljpfephid, m&e&n@@%ﬁrﬁoﬁpgﬁﬂ& 1S Gl ed)CoaRblosh 1Rk REE € encoding a
fusion polyp%$t|deh, t he nucleic acid nol ecul e 'encodi ng, a pol ypeptide having
Man |1 acti viQaDaskvitysed compsises the Gelgidosaliration demain ebrPolg tasiémdt ypept i de havi ng

GnT |1 acti Vf)(;l%:pe?ﬁ@e; QRd ah @xpreRITR_ REtof (RAHEES £0REISE SN mYRGfOTS. Also
preferred is that the nucleic acid nolecule encoding a fusion polypeptide

I's on one exfrceding aolypeplide, whemsty thnpolynentidecias mepnasidess R E€MreIlancodi ng a

POl yPepti de ieftin Mifbrlch edlfidainidoksy B Be14iOGg RbEhA! drcdfingh flBLECUI © encodi ng a
pol ypeptide having GnT 11 activity are on the sane expression vector. Al so
preferred ispctlmfl@ﬂh@dnﬁleI@Fléwaﬁ@l%mnbplé@@n@dmn%@db@@hde hayingi s on one
expressi on v : NE IS J i .2 fusion

pol ypepti de gﬁ%ﬂ%ﬁgézﬂ%~§ﬁh agH?Sﬁgﬁgéﬂfgagﬁ%%%?ﬁgﬁgﬁgggﬁ%%g%tide havi ng GhT
Il _activity actory nerefeesblya the fesigrnebpipiide vempises thersatalye Hemainefbodi ment, t he
GnT is on i ﬁﬁ&*& L ed o e ecul e encodi ng
a fusion polygggtﬁggﬁgﬁgﬁﬁﬁ%gnuc é?%qggfﬁmﬁépg§%ﬁ%ﬁéﬂ%% |ﬁgﬂg pol ypepti de
havi ng Man | locglization dopaigoéMenllt i b2)sNraeetplglycessminyiragderass L, B(LA4- 10120] In an

addi ti onal - aRRRGlEIGHINGRIAAR | 3101 LERIEM.LO § NGST Hellygonprising an

expressi on ve conprising a nucléic acid nol ecul e encbding a fusion
pol ypept i de, fusbeytteinsieiabe If upefonedapibpgianent, the bhst sclDi§ dsletjeddmbetbe osyl t r ansf er ase

(Gai T) activj . CONRLi es e I .ﬁ¥ oGal i.zat QRA| f a CGol gi
resi dent po%p%%{]nlgl a5 aﬁdﬁa %%%?egggg% fec &S%%Sgrpp?r?a&q%'ég%fnucl eic acid
nol ecul e Preferably, 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 f(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 the polypeptide has
mannosidase 1T (Man I} 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



encodi ng a pol ypeptide, wherein the pol ypepti de has mannosidase Il (Man I1)
activity. In preferred enbodi nents, the nucleic acid nolecul e encoding a
fusion polypeptide and the nucleic acid nolecule encoding a pol ypeptide
having mannosidase Il activity are on the sanme expression vector or
separate expression vectors. Preferably, the fusion polypeptide conprises
the catalytic domain of @Gl T. In an additional enbodi nent, the Col gi

| ocal i zation dormain is the |ocalizatson domain of Man ||
(3(1,2)-Nacetyl glucosam nyl transferase I, (i(1,2)-

N-acetyl gl ucosam nyl transferase Il, mannosidase | or al,6-core

f ucosyl t r ansheviggs@nT [nctivifyraes @y thedme elpelsiv fkctort The hoaitionalst 1s sel ect ed

fromthe group.consisting.of. nralian cell, a yeast cell, an insect cell
or a plant CBNQ’.‘ es W@%’F‘ﬁgﬂlwldﬁﬂ@%fﬁc aae*}%lﬂéls TEPFESHY BHK cel |, aNSO
cel |, an SP2AE:t6eind thetnucléio diaahdmle@aeddinga HBotOpbiyepis® af @leona cel |, a PER
cell, a PER C6 cell hybri doma cel |.. In an additional aspect,

.y Of 10121

the inventi offugleie El‘flﬁig‘elce_é‘ge?%@@nﬁbg?ly@éﬁ“hh%ﬁﬁni%ﬁ ?F@%”é?’br essi on vector
CONpri sing aehe bipraGioll veRir Tk iBveReP Al Wovidesithid iRmublek yagpt i de, wherein
t he fusion pol ypeptide has ?3]1( 1,4)- gal actosyltransferase (GalT) activity
and conpri sed® %@e@ﬂ‘@ﬂgﬁhﬁﬁ(@ | B toneRe expemseipm vestorgandtiegiucleiesi dent
pol ypepti de; 438 ¢hofdnie ¥Ricig a @ikiohGiolyPEptid® AR the hitkidacid WGl aci d nol ecul e
encodi ng a pol ypeptide, wherein the polypeptide has mannosidase [l (Man I1)
activity; angnepdingrpplypentidehavingMan It agtiyity ate oy the same exrsesgiomci d nol ecul e
encoding a p e | | Ipll%qﬁ .

%Mﬁem“ﬁ%ferﬂé@;%@d%éﬂe%e%éﬂ I (egdl'erblglﬁl méegtﬂ}evi ty. Preferably,

(3(1,2)-N-acetyl glucosam n transf erase

each nucl ei catalyiieidanpinef Gl knafarthex prefesred embadimentrthe Golgh separ at e
mbodi t, Vot - Tol . o i at tor. Th
e i men @&g{&au&pgdﬁggmquﬁcg?gtn e&gr?g}ﬁ S6h B, %Eggﬁa e vector e

invention further provides el c aci ecul e encodi ng a fusion
pol ypept i de iasetygluenseminglpusierase drp(LRAN-a¢eetylginepsaminylmgudfesass Taci d nol ecul e
encoding a p i Wi Mad) %% ﬁi%i j.vity and the nucleic acid nolecule
encodi ng a p%%%%{%%eg%wg’gﬁﬁgﬁn ngy %’deacti vity are on the sane

expr essi ®h22tect or TheTinesnitio fwthérgmovides @ hogb cellingmserchmtexpiass ahleestei ¢ aci d

nol ecul e encqdi 8 eSs| GYE Lo s he nucleic acid
nol ecul e enc% %ﬁ'%‘% %@%ﬂ&ﬁ&’ﬁpﬁ%@g%@é&gﬁ%ﬁﬁ% nu@% gﬁtlgmz%%aattrml ecul e

encodi ng a pddaytpaptnudieichaid emgoding a Ipblyperttidy hbying Mandh 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.

(0123} The invention also provides a host cell engineered to express at least one
nucleic acid encoding a fusion polypeptide having GnT III activity, at least one
nucleic acid encoding a polypeptide having Man IT and at least one nucleic acid
encoding a polypeptide having GnT [ 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 invention additionally provides a host cell engineered to
express at least one pucleic acid encoding a fusion polypeptide having GalT
activity and at least one nucleic acid encoding a polypeptide having Man I



t he sane expression vector. The invention also provides that the nucleic

acid nolecule encoding the GaT Il 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 Man Il activity are on the same

expression vector. In a preferred enbodi nent, the fusion pol ypeptide
conprises the catalytic domain of GalT. In a further preferred enbodi nent,

the Golgi localization domain is the-localization domain of Man 11,
0(1,2)-N acetyl glucosam nyltransferase I,
13(1, 2) - N-acetyl gl ucosam nyl transferase 11, mannosidase | or al,6-N core

fucosyltr Sn s factivitytn arf dibdat]suffibient i medify theoligatdsctaridss theRsregioherst cel |
engi neered t

0 express at |eas one _nucl ei ¢ agid encodi ng.a_ _fusion

pol ypepti de ﬁ&&'ﬁ’ﬁﬂ’ H“’}h}cfeg@& ? st Spllad reé‘f’%el"gﬁ??h%ﬁé"dﬁfélbéf‘t@ acid encoding
a pol ypept i deckavi RGeibdd fidm @6 kiowh Eohsisting?dT a whoRWRibodY hfoleehilgdn t 0 nodi fy the
ol i gosaccharides in the Fc region of a  polypeptide produced by the host

cel I, wher ei AREhndY Faemsnb ged fasipr prgisindbet pgludésa regpppsavivalent tothe e j ect ed from
the group congligtdhd hufg¥sfl € anti body nolecule, an antibody fragnent,
and a fusion protein that i ncludes a region equivalent to the Fc region of
an i nunul§&¥ilobi n. I arepesyte qrpkodimapg e nseser inyentipngisp geyidgs st celle| | engi neer ed

to express at.,k i -encodi fabhsd epti de havi ng
GT 11 act | GrEg e B3 4ok GnSliciE R Hichling s (U DIRRAIREE. | e havi ng

Man |1 and athayipgSelloasEvisi el lesst ongpugleiceasidomticotinge piyReptids haymeghavi ng GnT | |
activity in ficl : i i ftrdes in the Fe
y Ot Rt fohC h@é?éac %eyad {Eﬁéeyd%sai ﬁ%ﬂde%@%%@ﬁ fzd

regi on of a polypeptide produce _ ( T, ein the pol ypeptide
produced by tahévitydean ameount suslicicntitemodidl the oligosaeehagdes aphe Eungipsefi ng of a whol e

ant i body nol c"s?%ﬂ)ﬂ . ' [N that includes
a region equ;?a g'@ﬂ:{iﬂ? Bﬁ%e C ?%%?%Ma%@m?%eg@%&dﬁg#g%q The present
i nvent i on addiosticelhizlstlyctest fon the groap bansistiegifla vehnlgianehedy tholeguleasupr ess at | east

one nucleic I i i L de !i] i gagﬁ ctivity and at
| east one nu%ﬁ%&gﬁgggg&g%gﬁﬂgﬁﬁg%%%%gg%g a\?L:éh'g n{oﬁfe@%- activity in
an anount sufrégien efdn itnpunegiebiny Rrhferablyl Gpe pelypdptidé prddised hy thediobte regi on of a
pol ypepti de pr ed. Qs |l rej ide produced by
the host celcfﬁ%&sﬁ%{egf%}c{ef&eeaﬁ? &S?Htt?rﬁgldjfrggﬁ%ﬁx gén%f’%p ?%'gg%¥&§%ﬁg'l e anti body

nol ecul e, an Inan additionally preferred embodiment, the polypeptide produced by the host

cell exhibits increased effector function as a result of the modification.
Preferably, the increased effector function is one or more of increased Fe-
-mediated cellular cytotoxicity, increased binding to NK. cells, increased binding
to macrophages, increased binding to polymorphonuclear cells, increased binding
to monocytes, increased direct signaling induced apoptosis, increased dendritic
cell maturation, and/or increased T cell priming.

[0126] In an additional embodiment, the invention is directed to a method for
producing a polypeptide in a host cell, compnsing culturing a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
having GnT III 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,



anti body fragnent, and a fusion protein that includes aregion equivalent to
the Fe region of an imunogl obin. [01251 In a separate enbodi nent, the

present invention also provides a host cell engineered to express at |east
one nucleic acid encoding a fusion polypeptide having GalT activity, at
| east one nucl eic acid encodi ng a pol ypeptide having Man Il and at | east

one nucleic acid encoding a pol ypeptide having GaT 11 activity in an anount
sufficient to nodify the oligosacch#/ides in the Fc region of a pol ypeptide
produced by the host cell, wherein the pol ypeptide produced by the host

cell is selected fromthe group consisting of a whole anti body nol ecul e, an

ant i body fr atwboest cellimfirtherfeoginepredpo expedsmatiidaatione nedlaiciasid encoding on equi val ent to

the Fc reqgi of .. i ; |.abi.0. ,.P ra | vpentj de produced by
the host ce ﬁwecbﬁ%&akwggg@gg‘ IIECZL rg&ecg oﬁprﬁ%%eﬁ%oéﬁ |h¢“t'y as a result
of the nodi f fusimhipolypeptide camprized thie i catabytit Wonuia foef rGrAdiTe nhodlifurthet , t he

pol ypepti de preoduced. by the _host. ce]l hibi.ts increased_effector function
as a result ngPQfTﬁ(g efPBa‘?/‘?’P@aﬁe ston IBPié’F@ﬁﬁ%lfWhef RETPIES gfsgﬂlgéffector

functi ondi B _ mgfﬂizgﬁomﬁﬁm@fﬁmw Golgﬁ-@cicln)meboagtpeph_ 'd?.d?rbﬁ#amy, tl;]yt otoxicity, |
i ncreased bi ng to cells, increased bindin tophages, increase
bi nding to pgTnghlg?%‘ﬁ@r?BéP‘éﬁPlséﬁl?@Lz’ﬁt’ﬁE %&#ﬁ?ﬁ‘%@eﬂﬁﬁa?%hocyt es,
increased di Nefbtyhudbnidydrandtelteed RPOPtRShssidabdICr gasedgdepgritic cell

maturation, and/or increased T cell primng. [0126] In an additional
enbodi nent , sIglvepeainyRasisrag H ecalatrargfugosyierbaase rrefeysblydbe i ng a

pol ypepti de pilygph@ifas mblehsed SIRUITF fuBbita af Mebl IR aBoVR@Rdifle@idn. ©Nngi neered to
express at |east one nucleic acid encodlgg % usi on pol ypeptide having GhT
P

f
11 act il0¥) and Breirventimn infhe dirtalds emaBedfonmedigiong palypigpept i de  having
Man“l 1 act | VM%o&%@ﬁrcoﬁeﬂﬁ% duftftng WHoStieid Edgilebroll BfexPeQtti tehitQfle OF @

pol ypepti de sel ected fromthe group consisti nﬁ@qf_ a whol e anti body nol ecul e,
an ant i bodymolegasidmcodings fesianpsbpeptide baving GalThastivityad gidesst one # egi on

equi val ent t g diheadi€ endofidll @ e hETHDRGh Pkl nitRebGldRichde fusion

pol ypeptide is ex?)r eg%ggﬂlknr_bgﬁ%eﬂgrr%unt' sgg*li Cl ekft?yto rmﬁlld%hf t he

ol i gosacchar wiish permitithrepreductiangif apolpeptidrselepiod frora freistapsewsstieed by t he host

cel It and i sgf 24h00 aliiSaPAbKARE L dftinoEy BLALAR A o rfn phin S cell is

further engineered to express nucl el c acird encoding a

pol ypept i de hwindesg regidn danivaleatitathe Jic region afandgdinnéghebalitywhereafthe r ed enbodi nent
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 I, B(1,2)-N-acetylglucosaminyltransferase 1, mannosidase I, B(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,
nonfucosylated oligosaccharides are hybrid. Even more preferably, the bisected,

nonfucosylated oligosaccharides are complex. In a preferred emnbodiment, at Jeast



fusion pol ypeptide conprises the catalytic domain of GaT Ill. In a further
preferred enbodi nent, the fusion polypeptide further conprises the Col gi

| ocal i zati on domai n of a heterol ogous CGol gi resident pol ypeptide.
Preferably, the Golgi localization domain is the |ocalization domain

of mannosi dase 11, f33(1,2)- N-acetyl glucosam nyltransferase |, mannosi dase
I, P(1,2)-N acetyl glucosam nyltransferase Il or al-6 core

fucosyl transferase. Preferably, the-4gol ypeptide has increased effector
function as a result of the above nodification. [0127) The invention is
further directed to a nethod for producing a polypeptide in a host cell,
conpri sing ciiotnUktodf) 18%MRSY5% @ |the BBERRBhLMed th EEPFESSEIGRA! off @8St one nucleic
acid encodi ng a fusion_ pol ypeptide having G1T activity and at | east one a
nucl ei ¢ aci d Pe¥RFUARYe bisedyBprriateda Binsealivpreterredisthat ghami20¥mder conditi ons

whi ch per m t 25413095 @84CA090 A5 503, B9%:YaOR A9 T 9% @0, RERBObAE gr oup _
consisting of a whole antibody nol ecul e, an anti body fragnent, and a fusion

protei n t hat 95Yopéibgabgosaechasigenin thedo regisnefithe glycoepgingered pelypephidest an

i mrunogl obul iypy, LRt edtldf arelHiSkE, Y jde is expressed in an anount
sufficient to rrggﬂa?y trﬁ_e_ ola]i.egosac&gﬁgﬁlfgg%n the Fc region of the

pol ypept 0838] pr od ubew agditiensly prsérred embodiment dhe presenitinvegtioneoyidasypept i de. I n an
additional e i . . i E]g% j . L0 express at

| east one nuc gﬁllgg%{cb?)gfege% gg}&%acg po ;‘f’;‘%‘%tu é&%ﬁgh\%i[ﬂ%&&ﬁ#&ﬁ&acti vity.
Preferably, thbeeifcredsesheffroloyfmgtidnde conprises the catalytic domain of GlT.
Al so pre ed i st hat S| p ¢ rt qgmﬁ es the ol gi

| ocal i zaiolﬁoﬁﬂ domalmnr%f agﬁsﬁ%%agr gﬁ%&@ﬁ%@%giﬂf?é%eﬁfﬁ%ﬁl ype&pet§i de.

Prefierably, tphem@sduféal banpesitiousconprishgthé mtibeditsiveginerral acoadinggn donai n of
mannosi dase ) = C I-wgg m sf nosi dase |,

D1, 2)- Nacﬁeylr%ﬁﬂog%soéfnl\‘llfhgyﬁ%’%ﬁs er%sé I Lfg{aﬁ‘ 1-%! }éfg%dalpﬁl@g%yltransferase.
Pref erably, composgmnyptit preenhmyerntion capisd aphirewtanticdliyractepobleas a result of
t he above f} cation. Specifically, in a preferred enbodi nent, the

pol ypepti de proauced by the host cell has an increased proportion of

bi sect ed[013)nf uc oThd iavention birthgrgsasddes ametied forrthéd thantrhent pEginanowf t he

pol ypepti de. ,Pref erabl. t he bj sect nonf.uc | at ed o] igpsacchari des are
ybr 1 Even THOE SBREREN ARG o, CameBiay FrE Rneat B8R goancehar | des
are conpl ex. phitracqutiedl esmsditiondad thepsdnt indéntior RilpatiehBin néeddmredbout 10% to 95%

of the 0{0'1 91(1 sacc h’}ﬁel: ig\?esnﬁlng is A echﬁregte Iog?nealfod %orxl %roducing apolypeptide

having increased Fc-mediated cellular cytotoxicity in a host cell, comprising
cuituring a host cell engineered to 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 Fe region of an
immunoglobulin, wherein the expression level of one or both of GalT or Man IT
is sufficient to modify the oligosaccharides in the Fc region of the polypeptide.
produced by the host cell and wherein the polypeptide has increased Fc-mediated
cellular cytotoxicity as a result 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

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



pol ypepti de are bisected, nonfucosylated. Especiallypreferred is that about
20% 25% 30% 35% 40% 45% 50% 55% 60% 650/, , 70% 75% 80% 85% 90% 95% of the
ol i gosaccharides in the Fe region of the gl ycoengi neeredpol ypepti des of the
present invention are bisected, nonflicosylated. [0128] In an additionally
preferred enbodi nent, the present invention provides that the antibodies
engi neered according to the nethods of the present invention have increased
effector function. [0129] In an addi4pi onal enbodi nent, the invention further
provi des } pharnmaceutical conpositions conprising the antibodi es engi neered
accordingto the nethods of the present invention. Preferably, the

phar maceut i CalltriOaTRR® bdll Qigmetted t&pREEHABst bitvifileicoRiTaRPISEe a _
pharmaceutically acceptable carrier. [0130] The invention further provides

a net hod f or Stlheand % deagteone nyeleis spidcpending MaprHrudersiopditisnsghighini ni stering a

t herapeutic . fﬁ%&{ d (=1 30F sitions of the
pr esent invZé#tni}%%{?to a%%%cgﬁ%eﬁfgggaf&ﬁegr €o {E@ Olgf?ﬁr%lgg?ﬁgenti on is
further di reﬂhfd@imﬁbo@m@mbwa@ﬁbmﬁﬁmm@aap@ugémﬁcdwomm ng increased
Fc- nedi at ed V. LGl J cel Y culturing a
host cel | en%:ﬁ%%ngbg%&%%%%léhgs %rfésfiggegt@l %gh%eoﬁt}féwé)?é&qggry%%odi ng GlT and
at | east oneissuiitientdo moflidly tar obighisaghdviles inltheFfudmegion of e polypeptidhi ch  pernit the
producti on of | tide selected from . 1si sting of a whole
ant i body mol B&U cg‘?b %tﬁéel%rslhegg%@w}?err% nglyga%&ﬁ;a%fg%ﬁ?géﬁ?%gﬁ%g@ regi on of an

i mmunogl obul ¢eliplandyertedcitytalneresn pof @ sncdifichtinnedndadolating fhepolypiptidof GalT or Man

Il is suffigient to i.fy..the oligosaccharides . in . the Ec region of the
pol ypepti de ﬁ%&‘lﬂc&eeaﬁf %‘W%}@%&Sﬁul%rgﬂ%%ﬁﬁﬂy'v;ﬁ&p&fwetdﬁgﬁ’ﬁ e%tépt i de has
inc reas ed Fcthashivahesticelldedthentatiprisysadleast ons duglescid eneslilgtGuIf I he

o T4 ot om0 POk T LigRl YPEPLASEy ABAGE o TRARSRS o e o
expressi on | eligebaccariGalinlthp Fortion 51 thepalypleptifegyodhidet bgthe Bosweell aadit | body fragnment
ot el Ueg L he oo oL o LTBeG of) vl g pRet spoed Fomed:ated
for produci ngsét gthype@titdion. Pavdrildy, RCHpRsach kel REghabafors 8F | Ul ar
CYtotoxieity il Sha s GSF I s sSteabnt io fond bisoted oligosaccharides in the Fe
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, 90 or 95 percent. Preferably, the
proportion of bisected oligosaccharides in the Fe region to total oligosaccharides
in the Fc region is at least about 45 percent. In a preferred embodiment, the
bisected oligosaccharides are complex o hybrid. Preferably, the host cellis a
marmalian cell, a yeast cell, an insect cell or aplant 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 Fc region of an immunoglobulin, wherein said

polypeptide having a-Mannosidase II activity is expressed in an amount



culturing a host cell engineered to express at |east one nucleic acid
encoding Gl T and at | east one nucleic acid encoding Man |l under
conditions which permt the production of a pol ypeptide selected fromthe
group consisting of a whole antibodynol ecul e, an anti body fragnment that

i ncluded the Fc region of an inmmunogl obulin, wherein the expression |evel
of one or both of GlT or Man Il is sufficient to nodify the

ol i gosaccharides in the Fe regi on of-3#-he pol ypeptide produced by the host
cell and wherein the pol ypeptide has increased Fc-nediated cellular
cytotoxicity as a result of the nodification; and isolating the polypeptide
havi ng i ncr eamffihdﬁcmma&@ttﬁddmhdccﬂaﬁdesdyttlmtmbgbﬁ yf saidpayeptideer r ed

enbodi nment , apove G further conprises at |east one nucleic acid
encodi ng GnTHr?uce °ﬁ‘? TI1Il is expressed in an anount sufficient

to nodify the ol |ng§<ﬁ£tE1@@£1tlg@§pdpfkidﬂi\&qu§dlfyeﬁid%st(%fellthe pol ypepti de produced
by the h?st cell and wherein the peptide has increased Fc-nedi ated

cel I ul ar 1By4lot oxi dihe ypregentainventian, ps alécf dFPFéedr’rE’dP?IY@aF‘ileéﬂParp?‘%‘FB’r ably, the

expressi on | eygbods, @RGP Inci¥RcE eﬁfactorcﬁhahonl\ﬁefof uQ;Eea@ﬂTFd bdoeptsr suff icient to
f orm bi sected ol i gosaccharides in glon of the polypeptide. Even
nor e preferaH?'—‘}‘hn& h%aﬁ%lﬁafﬁ%ﬁwéﬁi%.ogma ol gsglbescihaiF iused i n the Fc
region to totgl g&ﬁﬁﬁgﬁ&k&&@&HH@mﬁgg afichied Qhotss at | east about 25, 35,
45, 55, 60, 65 0, 75, 80, 85, 90 or percent. Preferably, the

proportion of bi sected ollgosaccharldes in the Fc region to total

ol i gosacchar i [desifchibnlal® Geferdttl bPRudide %Exdk% BOPoteftrrol ¥t Ina
preferred embggu;RBRon of TR GINLoIARRPaR a i des are conp ex or' hybrid.
Preferably, the host cell 15§ a nmama an ce a yeast cell, an insect cell
or a plant cell. Even nore preferably, the host cell is a plant cel

[0133] | iP18Hot her Thspwesnt invendonpregdssmethodeior thegen¢ratictiandeseethosb a net hod f or
producing a é%11¥gs‘i—‘e%’i§f9ﬁhé o&c?&?&fgﬁﬁbﬁo &&%ﬂo@e@%ﬂ%&yﬁg&éﬁﬂé ng a host cell
0 eX n

engi neered t ess at Teas nuc elc acl encodi ng”a pol ypeptide
havi ng a- Mannostatéegshe Fo region, end fysionmreteing whidh 8 egiog eqivaddnt toghe ¥ t ¢ he

Bnti body ol deaph baRERd-BE43E REMELERLN, HAMmT REREHP, 1o ® i nol ua

anti body nDIec an an ghen pro i ncl udes
a region equmedptms and/ot hevikg magasedl effectanfunctivas agélodiog iantiboder ei n sai d

pol ypepti de h&a r}lgnt ceﬁ/qnn% Ja58 Tllent]%%attt{o\llzlo%%rgiegepl 3pes gasdsgeegerla N amount - 50-
of antibodles 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, fully-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, etc. Polyclonal antibodies may be raised in animals by multiple
subcutaneous (sc) or intraperitoneal (ip) injections of the relevant antigen and an

adjuvant. Various adjuvants may be used to increase the immunological



sufficient to nodify the oligosaccharides in the Fc region of said

pol ypepti de produced by said host cell; and b. isolating said pol ypeptide
produced by said host cell. [0134] The present invention is also directed to
pol ypeptides, particularly antibodies, having increased effector function
and/ or increased Fc receptor binding as a result of said nodified

ol i gosacchardes as well as their use in therapeutic conpositions to treat

di sorders, particularly tunors. Idendiification and Generation of Nucleic

Aci ds Encoding A Protein for Which Mbdification of The @ ycosylation
Pattern |Is Desired [0135] The present invention provides nethods for the

generation apgpdRE dBhentiag on 1okt s%b‘c‘iés?ﬁ’{_&luﬁiﬁ%b&t%t phictetpamdef gl ycof orns of
anti bodi es, antibody fragnents containing the Fc region, and fusion

prot ei ns whi éeempletednddrconylete)aniapre! gots sueheaspdumipyn hphoxifdawirfge i ncr eased Fc

receptor bingj M te¥ot, R Acbikyatd - s, and/or
havi ng i ncreggﬂgﬁsg@s&g%sorchf un1 tO?e(r%ns%’@‘%@?ﬁg@%ﬁ;ﬁ%%%?%g%ndent cel | ul ar
cyt ot oxi ci t y sapodiantoilf emulsionn kdyholar lyapet dpimoopaim, adivitrgehesslatandn  of anti

bodi es havin ' _ ﬁﬁggg' \@315; mdiiicgtion of the

gl ycosyl at i o%o%‘géaﬁgp%eﬂllg&g%m e }'s%u%@%%@éﬁ}ﬁa?%lﬁ 0 ‘{Etﬁél r r)eag'gecti ve coding

nucl ei ¢ aci dogegwetzcioni garvirk.hi Anitiials  are cijpenumiized hegainsty that antigen, [ 0136] Vari ous
procedures known in.the.art nmaybe used for..the pr ction antibodies to

Parget et opbaeyy Rylles YRR IRE By bl A NOHE R PBoflee ST PPN Pod To
pol ycl onal , oot loo radjugateh(foerabbits drumive, mepbetively) | witthBr@iumesiofigl €  chain, Fab

fragnments and_fragnmen .oduced. by .an, Sckv, FEab,. VH. 1gG..expression
library. Suc?l'{re ‘??%Ogg)ﬁezesg%@%ggg%flﬁg the golyrion ‘@?%‘F&BHS@F‘PE&& t her apeuti c
ageqt;s. %As tE@sgmtﬂx@ﬂﬁg&nltt_he axﬂmalt;laalbﬁoﬂéta?wBMUSllﬁdn?Sthe bﬁiﬁna,l Ithose whicch
conpete for bindin . a l.igand  substrate or.adapter . ecule, are o
especial ly pralélf"é‘}t?%‘iﬁoﬁ%"é‘fg% e[%lirgﬂ%s&@pvapﬁlgsapgg@gﬂs%e@g@ nti bodi es,
various host lnaiéﬁpmﬁ&sb.asevehtrm}mid_aﬁdca;bnythe afijraly bbfﬁair@ﬁle&\/laﬁ' hdvthelseruindis get  protein of
I nterest 1 ncludlng ut, not.limted . to, rabbits,. mce, ts, etc.

Pol ycl onal afts dfoé@%ybtémraipg’gﬂal’f AteapRoFies Sinfjl, the fitef BF S ubcut aneous
(sc) or intr @pserkileBRinitbli bbddiedGHithaRs coifugatef te) R aht@Al hgen and an

adj uvant. Variqus adj u,¥fant S may bdej used to_increase_the 1 nmunol ogi cal -51-
conjugated to different protein and/or through a different cross-linking reagent.

(m]

Conjugates can also be made in recombinant cell culture as protein fusions.
[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., fmmunology Today
4:72 (1983); Cote et al., Proc. Natl. Acad. Sci. U.S.4. 80:2026-30 (1983 ) and the
EBV-hybridoma technique (Cole ez 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. Sci.
US.A. 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



response, dependi ng on the host species, including but not limted to
Freund's (conplete and inconplete), mneral gels such as al um num

hydr oxi de, surface active substances such as |ysolecithin, pluronic

pol yol s, pol yani ons, peptides, saponin, oil enulsions, keyhole |inpet
henocyani n, dinitrophenol, and potentially useful human adjuvants such as
BCG (bacille Cal nette- Gherln) and Corynebacterium parvum Aninmals are

i mmuni zed agai nst the antigen, inmanogenic conjugates, or derivatives by
conbining, e.g., 100g or 5 g of the  protein or conjugate (for rabbits or
m ce, respectively) with 3 volunes of Freund's conplete adjuvant and
injecting t Bl One nonth | ater,

Iut| Nl tr |
t he ani mal staoaq e ot qee%a'{vli/i gf/‘{fﬁrn?#m%cﬁél naﬁmvegﬁ%rﬂﬁt of peptide or
conj ugat e i ffurfher divette adhwamﬁdmnnbmﬂmumanm&eemjgﬂcbmgmeafed multiple sites.

Seven, to 14 d mal s .are ble serumis assayed for
ant i body ti ta‘é‘ipad\{%tf’%lrgetg&é gg‘&ﬂ%ﬁiﬁ&ﬁ’tﬂﬁ"ﬂt 5%5%“8? E’ﬁlgﬂ’teé%‘f}% Preferably,
the ani mal hembhoadbathodies fe diclosa fotl@aplepin U.H.Pak 2E6,280, 3296, but

conjugated to dlfferent roteln and/ or .throu a dif erent cross-1inking
reagent. COAPERfhfleth %%@%Wﬂ!&g@emowa@%ﬁwﬁlam SEMHIEE| ture as protein

fusi onspp1§¢91381 h@tﬂﬁ&j} Eraghen® W hilIP dérRdn beciib Birdaipaebs of the Rirggtest may be
prepared using an t echni que whi ch g}? vi des. for the production of antibody

nol ecul es by EEHP lﬁwa@ayd@menqrat%@ wayiecbniaees. Farg@mpleesusBe, but are not
limted to, ghbGedly BlivdQ Bt ateehbtNiAA F&b%ahkgm&lﬁswcﬁ)% By Kohl er and
MIstein, Nature 256:495-97 (1975), the human B-cell hybridona technique
(Kosbor et afProdusedhby drrsidigestien,of the ?Q‘b(’@%@)’ﬁuktﬁ@éhﬁabeﬁ'am*éc Nat|. Acad.
Sci.. U S A #fkn20a6 écﬁ%zédu@ﬂ g tleldRulAERYidRMRIE ind BEEn, R ue (00| e et at,
Monocl onal  Ant i bodi egg&gn ncer The?apy g A{ig?\z RgItLll ss, Inc., 1985)).
In addition, Alﬁ%ﬁﬁlmlwé%e}@wa%b@msmaybw@% vieghalofcienshi meri ¢

ant i bodi es' 2&&@@755% (B3Rl o Bifoia ) Loy RAGcoSl of mblcBofat 0851 55 (1984)
Neuber ger et at, ture” 312: 604-08 (1984 Takeda et at., Nature

314: 452-54 (ﬁ@g@g)tswhtbpﬁesgbmgaemﬁeltsgteﬂwmg@t@mtqnnﬁm@eesbnt| body nol ecul e of
appr obrfofddf 0| 85 SOGRHY ok baade) Fhldfiln e el FRFERAY QPR UTAN ANt | Dody
nol ecul e of appropriate |'ogi cal Ivity can e use ese techni ques
can be used mmilfiwm@ecﬁymﬂaupnamﬂﬂh@m desireslp thercodingl nudleigpcidnt | body

EELEZBlﬁdglt?%‘Egof‘m%ngFe sdfieatfiod e il o BRI %, 9526 778) can
e adapte

4. 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 pattems. 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 B(1,4)-N-acetylglucosaminyltransferase ITI
{GnTUI) 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 nucleic acid encoding a fusion



-52- to produce single chain antibodies having a desired specificity. The
invention is further directed to humani zed anti bodi es that have been

gl ycoengi neered according to the nethods of the present invention.

Techni ques for generating humanized anti bodi es are disclosed, for exanple,
in US Pat. No. 6,180,320 to Queen et at, the entire contents of which are
incorporated herein in their entirety. [0139] Antibody fragnments which
contain specific binding sites of the target protein of interest may be
generated by known techni ques. For exmnple, such 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 which can be generated by

reduci ng the sl B8 A(HERR 0%yl RETARRY dhandi: ARG (o sl Nat i vel y, Fab

expression libraries maybe constructed (Huse et at, Science “246:1275-81
(1989) to al |8dcompisthe daidlgealigatiq demain of vhetaploppyn Solsrsidetab  fragnent s

with the desi Ciyf i ¢l 0 0 Laterest. [0140] Once
an anti body ﬁoﬁggﬁﬁl‘& '0(}{/1‘ Oﬁétg ﬁghp&%gtt‘%ggﬁte?%%%aﬁf‘?lgﬁgfugg&gma?i?h modi fi cati on
in the glycosydletuleorempriting pnleast endigsk erwpding cfusionl peigpeptidd sivingaci d  sequence
is identifie i Hﬁ!ﬁg i %i3%§' . kn in. art. a.

Gener ati on d%(@%'aﬁﬁﬁg@&%or e %%%glﬁ}gﬁ:;hon ngjéatnglx\%nsp r(%“%ﬁ]%Al tered

A ycosyl at i orGdbgtiecelizatipdetddin diecheprdegont Golgiesitend polppeptidedes host cel |

expr essi ystens, for. the K generation.of proteins havin dified
glycosylgpﬁgn pa??%??@y%79¥ ﬁ#?@ﬁF%ﬁ?uﬁﬁ%&m Fg%%ﬁ¥a? &@% %%W provi des host
cel | systens dnginedr ke hgenelt hics ofthofreghtyicwehibonrdn aprefepedtrmbodimentivi ng an

v e R e L Sl S b TR RRPTh el S T
(GHTLI 1) Aot vty and comprtain the oola 1 ocacl sat ton domain of oo !
ahet er ol ogouscehi%Taé'c%Wn%é S’ﬁ%?‘?%éﬂ{siaﬁg’?e%ﬁgﬁlbf‘é‘%@ ‘feﬂgia?:w host cel |
expressi on syghes tvenginbeed gt il b the o/ eBEITD(S&LMa, I BCOkr BANt nucl ei ¢ aci d
Const it ut | ve RO diiftee &SRR DRTOR S aie s oo BHRPEC {1
enbodi nent, tdaGreRbAERNES WIAMERE h@EbyA@Yiodesd ¥y BRfhcyel | that has been
engl neer GRat® X PES Brvantion 1o sonterpiatod to rsompass sy sagmeoted foss oetle "

expressing a fusion polypeptide having B(1,4)-N-acetylghicosaminyltransferase

HI (GnTIII) 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 f(1,4)-

N-acetylglucosaminyltransferase I (GnTIIT) activity and comprising the Golgi

localization domain of a heterologous Golgi resident polypeptide may be

expressed under the control of a constitutive promoter or, altermately, a regulated

expression system. Suitable regulated expression systems include, but are not

limited to, a tetracycline-regulated expression system, an ecdysone-inducible

expression system, a lac-switch expression system, a glucocorticoid-inducible

expression system, a temperature-inducible promoter system, and a

metallothionein metal-inducible expression system. If several different nucleic

acids encoding fusion polypeptides having B(1,4)-N-

acetylglucosaminyltransferase Il (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




-53- polypeptide having (3(1,4)-Nacetyl glucosam nyltransferase Il (GTlII)
activity and conprising the Golgi |ocalization domain of a heterol ogous

CGol gi resident polypeptide. In one aspect, the host cell is engineered with
a nucleic acid nolecule conprising at | east one gene encoding a fusion

pol ypeptide having 0(1,4)-N acetylglucosam nyltransferase Il (GTlII)
activity and conprising the Golgi l|ocalization domain of a heterol ogous
Col gi resident polypeptide. [0143] sgenerally, 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 enbodinent, CHO cells, BHK cells, NSO cells,
SP2/0 cells, YO | oma._cel s, .P3X63. nous el cells. PER cells, PER C6
cells or hyB%OPaEfﬁ%ggﬁﬂg}af%}?ﬁ%WO% Ic?lghﬁmgg%/ estﬁer%%hﬁ’tpoégél?l?s, i nsect cells,
or plant celdvel diis@ble Sestbnagolipaptideario@ssinnrtiatcidbd ndtibae: 4 signifeamer at e t he

engi neered host cells of Lhe L.nventiqn., (Seg Ma,. J. K -C., et al., Nature
Genetics 4: FYASEE AR BPb eyt 39ie. 30 Yilk b defewuned peivg fHEPRI n) (the entire
contents of exfatigbntaion. BAralYn leREOhD astah@itd By melbey RAG ANy knb#d 44] The
invention is contenpl ated to enconpass any engi neered _host cells expressing
a fusion polny%

|
& B induding, Wegterushlat anplysie aed 90 gitbeds snrrils et Besf erase 111
(GhTIIT) achbry ﬁc;emaﬁngeﬂ‘pnj&ﬁﬂ@&&?m@ﬁwspécmtﬂ%ﬁ%ﬂ@&g@@mi n of a

het er ol ogous peptide as defined herein. [0145] One or

dent _pol
sever al nucF@F@“g’&’Pégiﬁléﬁggﬁﬁ}%po ACHVi; Rprthemy blos apntyséiraising ¢ rpdeile 3( 1, 4) -
N-acetyl gl Uﬁ&&ﬁ%&ﬁé&iﬁ@fﬂ?ﬁ:@éﬁﬁ%ﬁoﬂi‘ngﬁlﬁﬁa—l%éplid@?a%éidnﬂ‘ﬂfﬁt‘ﬂivﬁ?”pr i sing the

CGol gi | ocalization donain of a heteérol ogous Gol gir resident pol ypeptide may
be expr essatruplgEacid pobe tmepifis forgpugleig eding anerpdedapfoesdtor | alternately,

a regul at edthe%wpeﬁﬁmlgﬁﬁwﬁm actility 28 BedsGIbRl FUEPIRT £EHHON SySt enms

i n¢l ude, but areé not imted to, a tetracycline-regul ated ‘expression
system an édepstish. 3 ladinanay e empleyedsekichdrindsyashiesypthgtic predustgiof ch expr essi on

Corper t ur oL CRL oL SRt1e ROt RNBEERSH AR Ropfutich

met al - i nducitishsures Xy insreesed By saceptor bifiding gr dngreaskids ¢ffactontfuppliehei ¢ aci ds

flnfo?gn”% ‘; :J?r]egfgt.[c?\g %18&9&59@6&1@&’ L\?ﬂle(:%.&%ﬂ%?&\éd \91]‘&?&1)! FQAIHEQ&&‘”* nyl transferase
y an onpri s1 ng e gl ocalrzation domain of a

het er ol ogousnd@dingia palypegide with| GuBH: addizityrmax beprseddd a inthern t he host cel |

system  somgy, 0f b0 MRR S RES B Glrat P tinkddGo G0I0Rt ¢ 2E; B

expression levels of the fusion polypeptide having p(1,4)-N-

acetylglucosaminyliransferase ITT (GnTII) 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

fosion polypeptide as a single mRNA molecule; their respective coding

sequences may be linked either by an internal ribosome entry site (IRES) orbya

cap-independent translation enhancer (CITE). The reporter gene may be

translated together with at least one nucleic acid encoding the fusion polypeptide

having B(1,4)-N-acetylglucosaminyltransferase Il (GaTII) 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

mucleic acid encoding the fusion polypeptide and the reporter gene are

transcritbed into an RNA molecule which is alternatively spliced into two



constitutive pronoter, while others are expressed under the control

of aregul ated -54- pronoter. The maxi mal expression |level is considered to be
t he hi ghest possible |evel of stable fusion polypeptide expression that
does not have a significant adverse effect on cell growth rate, and wll be
determ ned using routine experinentation. Expression |evels are determ ned
by nmethods generally known in the art, including Western blot anal ysis
using an antibody specific for the spol ypeptide having GnTIIl activity or an
anti body specific for a peptide tag fused to the polypeptide having G1TII |
activity, Northern blot analysis using a nucleic acid probe specific for

t he gene encgdi e Rt LAg. QT i /] r.a nucleic acid
probe speci f%@%gﬁeggﬁ%gmw )@ﬁr(:égg%héﬂa&[%ep%%{éﬁg%#g&d to the

pol ypepti de traslated ixEn THel thpagtiet proteiny andthe mthas isrtemdated ofto GeTdidn activity.
Alternativeldl a HFctin may be enpl oyed which binds to biosynthetic products
of the G1T ,qugﬁl eexarrpl e, E4-PHA lectin. Alternatively, a functional assay
whi ch f8aslur es theevermlodiffasstaubleic neideaicodinds Adion Yolypeptide heased ef f ect or

nucl e ¢ aci P Eh PN BBy HER PO T CRT e SRerSPRPe By be used. In a

further al t golgRldeatiZatidnh@nit bEh GeRilddoRPBolRE repifert Folypeptideldrrked to a

reporter gene; th expression |l evels of the fusion po|lypeptide having
0(1,4)-N ac@‘ﬂ’W@fﬁd@?}’ ﬁggmwlawtmthe@f@?ﬁapwgghﬁowfny and conpri sing
the Gol gi | aGavera AlRINNmbleddsNIfefey aRYaRICAbRAAHISin NAmRSécdRNt pol ypepti de

are determ ned, by neasuring a signal correlated wth the expression |evel
of the repor ek TgResHve cofrg sequenses BRY brdinkedsither hyandatesnplaibopiffet her with the

nuc!)ei C aci défiy &8 ARUKNE By ecaplitifehQleRHMNARN HBnaS (@1TH)NGhey TRNA ol ecul e;
t hei'r respective codin sequences may be |inked either by an internal

ri bosone ent WY §¢ Fé“sﬂﬂl'gl]@ﬁcmb p spglepromiter infpgapBRNdcneleswiewlichis on enhancer
(CITE). The HLERAETAY sBenidRYveRE sephfaftiitdssthpd RNOOQINCA) Mblkdui&! | east one

nucl ei ¢ acid encodi ng the fusion pol ypeptide having )
0(1,4)-N acewmcgtbawsawhﬁwshteénﬂpgms@pme speasted fupipn pelypeptidss- and  conpri si ng
the Col gindrpCal i ZabibdlinilQiRets hoeslR bRl SRRk GRN BORLIENT  pOI Ypept i de

such that a single polypeptide chain is forired. The nucleic acids encoding
t he fusion péisiepe prithseenesftion hithgyapevtiqamtibadics hevingineregsediic respiont i vel y | i nked

to the repor{ghgeRGiH pRubRFHRARL PR MivAind A9hEsPLATRLE e SUCh that the
effector function, including antibody-dependent cellular cytotoxicity,. Generally,

the host cell expression systems have 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-acetylglucosaminyltransferase ITI (GnTIII) activity
and comprising the Golgi localization domain of a heterologous Golgt resident
polypeptide. In one embodiment, the host cell system is transfected with at least
'one 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



nucl eic acid encodi ng the fusion polypeptide and the reporter gene are
transcriibed into an RNA nolecule which is alternatively spliced into two
-55- separate nessenger RNA (nRNA) nol ecul es; one of the resulting nRNAs is
translated into the reporter protein, and the other is translated into the
fusion polypeptide [01461 If several different nucleic acids encoding a
fusion pol ypeptide having (i(1,4)-Nacetylglucosam nyltransferase |I11I-
(GTII1) activity and conprising thessGol gi |ocalization domain of a

het er ol ogous Col gi resident polypeptide are expressed, they maybe arranged
in such way that they are transcribed as one or as several nRNA nol ecul es.
[f they are biBReGhidlyholtul biaAabaly BRMRLTBLARHNE e Fb R drggPect i ve coding
sequences may be linked either by an internal ribosone ~entry site (IRES) or
by a cap-i ndépanensibulin,ans fusiop preteim hatiodndes @repion equivalent tolhy Foe transcri bed
froma singl [ I [ Iy ternatively spliced
into several ?ﬁ%%g&nn%@g@%% %ﬁ?m r?@ggoﬁrdeh??cai N b%g

t hen are each
transl at ed i demvet Higinr closspproticug axdcsscreting thei anfibeiyt ap hight spdeific 101471 | n

ot her enbodi the pr nt _inventio rovides, host cel |.. expression
systens for gﬁ‘@hgdé’h&ee?g‘% ﬁigﬁgn%tbte#égnagéetot ?@%@?@%&?-Q‘ﬁnh e\ﬂlart\laei ncreased Fc
receptor bi robodjmedtfa hybtigomaral tineomp@sding alparttilagantibodyof mEtdstiat i ng receptor s,

and increased effector functjon, including antib - depe nt cellular

cyt ot oxi ci ty,u.sed(%sng FPyrd oqfl, line, fo gengrafe, hﬁ%ﬁ%@%‘?‘ﬁﬁ%gﬁgge#g&’ﬁave been

engi neer ed anendionsel ected to express nucleic acids encoding the antibody
for whic e production aof altered. glycoforns is desire al ong with at

| east on&lé?ﬂcl eic ocﬁe(fmé’ﬂ@glﬁgtntbe 5““?%%%6 on @%té‘f)f‘?tg@a}ﬁﬂ%&y

(3(1, 4) - N- ac dayhglt ue Bsfigion pblypepridd @€ aored ihlo anfiolbiexpredsiovivegtorsand conpri si ng
the’'Gol gi |ocaljzation dongi. f .a_heteral ogous ) gi. .resident polypeptide.
I n one enbodi W“Pﬁ@%ﬁgﬂﬁlﬁgﬂﬁe@i}é’ggnﬁ% el?f’@ﬁ?f“@@&é@%ﬁ?ﬁbﬁt | east one
nucl ei ¢ aci d spaeifie@htitehds pobudiviy DeseRokd pRRéredhRd fof YFuck eldeted clbdte t r ansf ect ed

cells are selected to 1dentify and, isolate clones that stably express the
fusion poly ‘?“d‘@“ﬁ-?"t?dﬁ@ﬂ’i%@ff’fewfﬁmlf‘ @iy"'ﬂ VhansteaseSEPres§Pur ed cel | i ne

can be used e skAgEld: RISRESHS KI5 (o jobpspit Lhe present
e S

invention. In a preferred enbodinment, CHO cells, BHK ¢ .. NSO cel | s,
SP2/ O cel | s, ™ el tihaccgheycossmsnylirantierare T, (i) activity, or (b)a

fusion polypeptide with beta 1,4-galactosyltransferase (GalT) activity, or (c)a
polypeptide with Golgi alpha-mannosidase I (ManlI) activity, or (d) a fusion
polypeptide with GnTIII activity and a further polypeptide with Manil activity, or
(e) a fusion polypeptide with GalT activity and a further polypeptide with ManII

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
glycosyliransferase 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-FeyRIII 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-



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 conprise at |east one transfected nucleic
acid encoding a -56- whole antibody nolecule, an antibody fragnent

_conlt aldnl ng the Fc regi onI oftatn |thrmqugI obul i n, ?r a fusion lorgt F! n that
includes a region equivalent to the Fc region of an inmunogl obulin.

Typi cal ly such antibody production cgll lines are derived fromclones
producing and secreting the antibody at high specific productivities in the
rﬁnge_ l(:j)et ween io_ to 120 pg/(cell .dayi%o_. Lgrt\ an al _tergaté\}/e_ telrr‘nodlt nent, 4
ahybri domace : ey gty G di terest is used as
backgr ound c%jol w;ﬁgﬁ%ﬂ%&g&gﬁrgﬁ% gg%lnneter?igghﬁglst rcecfsie%mgf’ t he

i nvention. [bg#9]celln arse od tedt heitthudicei glyeopradeinweddiiag t he anti body,
anti body fr - ' P i ar eb AL Q:

ant i body- exp sssltﬁgrr%g #g(%t% gﬁ(@ésga{)%d%?t{génﬁgﬁéeqsp g‘ntg? gllét?’ggpl % the host cells
and cel | cl owegorwi Inlsudhiagproshdhesdausd feom ghedicdt fransfeatinirhaytbgperechadt i vity are

sel ect ed andf("screeer%gd g;lor. Sueh esell e#c%eeé colscm_esée are. tep N nsfected with
RGOS DAL Pl e A S
nucl ei c aci critfe or i@ tonsiE fg W eta

1, 4- N-acetyl %lfpblﬁ‘ﬁos?m gxlltranéfer.a e |l lgivanT | I &g‘cti vi%.%{ or (b)a fusion
pol ypept i de WRR*BEL o1 “90G AR ARURNY PIEHYPRYLLL AeRlRE WPty or (c)a
pol ypepti de \atrtdnigoheiodadepdtibednthatiedase oddbr 1§ Meutify clagdsiwithspibleor (d) a fusion
pol ypeptide with .GnTIIL gﬁfli\éit nd .a fiuthertfpflég ti.d g)/ith Manl |
activity, or &8 TeY7dioh ihe, yf/%sé( TR A Cat e i i (oF Q'}llf”;a h8 a further

pol ﬁpep;i ?e \t:idtdiﬁbc;htamldftheam :te!gioh)gfhtfeﬁisﬁﬂﬁ' ﬁtp_agémgeﬁd &rmofh&eﬁsesleﬂ?ect_tedl andI
screened for stable 655 ofthe . apti -eéncodi ng genes at |evels
leading to hFEHP S Ichimg FeyRll Fetons hitfthg FURH 08 SAHSF Lh FSt abl o

expr essi on Ofreceftor-@bdifePr efeion- Madiibns] NBicludihy C PeMtichadnss eflRge genes at
expression levels, |eading to nodification of the Fe region glycosylation
pattern, incl¥di®§™n increase in the fraction of non- fucosylated

ol i gosacpipsyji des whiaChriRBY eﬁeoﬁnkﬁlﬁrm&laﬁ%wn&mneog’en@é segtad and which
further nmay be of cor}pl ex or hybrid ta/@e, 1ich i s associated with an

i ncrease in BYcrulepterasegendiaryransisted togeths iy 2 sinelp Hapsiestion $8p. Fc- FeyRI | |

bi ndi ng affiefihdr¥n a Sresiisd RR/E O 1A séfarakeAeBEsOr Medi ated effector
functions, including but o
[0152] Typically, at least one nucleic acid in the host cell system encodes a

fusion polypeptide having B(1,4)-N-acetylglucosaminyltransferase Il (GnTTII)

-

activity or, alternatively, p(1,4)-galactosyltransferase activity, and comprising
the Golgi localization domain of a heterologous Golgi resident polypeptide or,
alternatively, it encodes a polypeptide with Golgi a-mannosidase II activity.
[0153] One or several nucleic acids encoding a fusion polypeptide of the
invention may be expressed under the control of a constitutive promoter, or
alternately, a regulated expression system. Suitable regnlated expression systems
include, but are not limited to, a tetracycline-regulated expression system, an
ecdysone-inducible expression system, a lac-switch expression system, a
glucocorticoid-inducible expression system, a temperature-inducible promoter
system, and a metallothionein metal-inducible expression system. If several
different nucleic acids encoding a fusion polypeptide having PB(1,4)-N-
acetylglucosaminyltransferase I (GnTIII) 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 ofa



not limted to Fc-dependent cellular cytotoxicity. Selection and screening
nmet hods are descri bed bel ow. [0150] In another enbodi nent the order of the
two transfections described above, nanely the antibody expression vectors
transfection and the glycoprotein -57- nodifying glycosyltransferase
expression vectors transfection, is reversed, i.e., host cells are first
transfected with the gl ycoprotein-nodi fying glycosyltransferase expression
vectors and then with the antibody gypression vectors. In such approach the
clones fromthe first transfection nmay be screened for adequate stable
expression levels of the glycosyltransferase genes by any of the nethods

described fu r.bel ow, aqr..alternatively,by transjently transfecting
replicates o‘go sﬁ%thvegfog}%?’“\ﬁl@ﬁ gﬁta%t? essé&‘br?ag%té?%?ﬁh@@t%%%mgﬁd t hen appl yi ng
t he scr eeni prgmoet. [The maxiemtaxipteedon lewet i3 eonslieted vo benhatiighest possiblelent i fy cl ones
with stable ., expressian. | evel of the glycosyltransferase genes at |evels
that | ead tolegé%ﬂﬁtaﬁf %@éﬂni Hﬁ'ﬁ’pﬂfﬁd{’ ﬁﬁprﬁ%"%é%l‘éﬂesg‘wi’ﬁw ﬂ??’g??nbat tern and to
an increase idvelk€ offéd® CRIDEDN grolwilC kate]i 88 Witlyhy HéternBlRPisiipS roullhérdi ng affinity
and an increase.in Fe receptor-nediated effector funct)ons, including

Fc- dependent SXPEFReRtabon. %’Wﬁgﬁ&?&‘ﬂ%?‘?de[tm]ib?ﬁw@“quﬁ@ﬂké?fﬁbdi ment, the

ant i body- encpdidig, e WesternBRt afhlpé s &k aRShebRepeaRas:tAs © transfect ed
together in a _single transfectigon step,. elfther in a single expression

vector or i nPdBpBEidehavipgerbllactivily pramantihady spacifip forapentidgteg fusee nucl eic acid

in the host gehd tREh ARSI Bctivity NheR Bl REiB}sisdSing il
0(1,4)-Nacetyl gploﬁ%sgﬁsam' nyltransf ervatge FEE o ((3nTI IS) u_gct lvity or,

al t er nat i vel §1d praberspagifie, B g6v Jhy s speoibEderohpeptidetyving FT-brpri sing  the
Gol gi | opal 'Zc@i'izi_ty%"ra‘iﬁ%f&bgci@fmﬁeﬁb%iﬁéﬂkQH&ﬂbﬁc&i&&b@dﬁgﬁdﬁéﬁﬁﬁctQ@' ypeptide or,
altérnativel %5 It encodes a pol ypeptide with Gol gi a-nmannosi dase ||
activity. [ohsshtochepeypepiidepaying Gells] sctinigy, o5 mepssamary o6 GrTY] on pol ypepti de

of the invegli Qi Ruvile KNRRASESTa WRELhal BE LORHELHRA i @St i tutive
pronoter, or alternatély, aregulated expression’system Suitable regulated

expressi on shievaistic praductscR, Criilil, for exapple, Fi-Milbdertinoligmatively, a _
tetracycli neﬁh&%ﬂ&lﬁaﬁs@?w‘ﬁi&ﬂﬁﬂ%ﬁs&&%e%ﬂ&éa@éﬂ]?car&fegﬁ?ﬁ%&ﬂgﬁfih gyicy bl e expression

system a lac-swtch expression system a glucocorttcoid-inducible
expressi on s§ffactonfungtionamysiéatedthyragtiodive prodhesd py thewelyengineered with

the nucleic acid encoding a polypeptide with GnTIII activity may be used. In a
further alternative, the nucleic acid may be operatively linked to a reporter 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) encoding said
glycoprotein-modifying glycosyl transferase as a single mRNA molecule; their
respective coding sequences may be linked either by an internal ribosome entry
site (JRES) or by a cap-independent franslation enhancer (CITE). The reporter
gene may be franslated together with at least one nucleic acid encoding a fusion
polypeptide having B(1,4)-N-acetylglucosaminyltransferase I (GnTIIT) 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

RNA molecule which is alternatively spliced into two separate messenger RNA



system and a netall othionein netal-induci ble expression system I|f several
different nucleic acids encoding a fusion pol ypeptide having 0(1,4)-N
acetyl gl ucosam nyltransferase Il (GTII1) activity and conprising the Gol gi
| ocal i zati on donmai n of a heterol ogous Gol gi resident pol ypeptide are
conprised wthin the host cell system some of them may be expressed under
the control of a -58- constitutive pronoter, while others are expressed
under the control of a regulated prgnoter. The maxi mal expression level is
considered to be the highest possible |evel of stable fusion polypeptide
expression that does not have a significant adverse effect on cell growth

rate, and w ) I . { . i i Expressi on

| evel s are dé‘%%‘?%‘ﬁ@ﬁ% %gﬁ%@g‘%@?{g@g‘ﬁ%\%&ﬁggﬁm@r ef i ncl udi ng
West er n bl ot patedd, sl the ofbérngtransigted immsahfisibnpylyptidd. fic for the pol ypepti de
havi ng ]l activit an _anti bady specifi.c.for.a ide tag fused to
the pol yp ii de Hatf" lcgﬁeirFlir&lm 8??9%??8@%%}%%}%?&?%%%8 using a

Eucl eic aci ﬁ(lpb-ﬁb@e@mbéahﬁn)ﬂmfﬁm@m(GgBHnedg'ﬁitﬁmd&di;npﬁsiﬁgtﬁe pol yplepti de .
aving G1Tl | activit r a nuclejc,aci pbe. specific.for a nucleic aci
encodi ng a pbf)tgi E’@allzﬁfi}{“? o BhFWQI?%H/SE{&l Fed'élmﬁé(?:w&? f1 activity, or
meaisure(rjne‘rllvfnI _ eﬁﬁre?ﬁgﬂle}aﬁmma@g_ ' eammymwwmédm@ram?dnyéﬁiﬁéﬁl?@nfeﬁti n maly be
enpl oye ic [ 0 biagsynthetic products. o : r exanpl e,

E4- PHA | ecti ?ESBWQMWEFV?JA}QTW%‘F&G d asatngle RN AR res the

i ncreased FcikigeapcOie didihgiseficites mAfbLRkedeitRf besal iblemalitsdebe Medi at ed by

ant i bodi es produced b¥ the cells engineered with the nucleic acid encoding

a pol ypept i d&isttp (REP) pq by ¢apgipdependsyt tsmslpfion snhauger{CT¥R) (The¥ al t er nat i ve,

the nuclei ¢ aG) ge FadscidORRME Aldnd® prohbtekREb HORNAI QBRGNS WhigNEe; the _
expr)e55| on | evels of the fusion polypeptide of the inventioqon are determ ned

by measur i niftestatyelysnlicedipfoseysral aenfiete mestrase ROV CaRIA) melgelesst the reporter

gene. The I QRRA iHeH ard BRA AR Yatd¥8nth HRAS&GHdcROCknb QR LR p¥lypiptitele nucl eic
acid(s) encoding said glycoprotein-nodifying glycosyl transferase as a

single mMRNA nol ecule; their respective coding sequences nmaybe |inked either
by an internal ribosoire enEfpressishBwtfdsRES) or by a cap-i ndependent

transl ati on enhancer (CITE). The reporter gene nay be transl ated together
with at | east one nucleic acid encoding a fusion polypeptide having

D( 1, 4) - NOESSEt y| gl Metbadsibinhl are welbirowa sethpdelskill@hifithe 3rt aptbe wsedyo and conpri si ng

the Golgi | ogald Rt 2sd0 Vs Qntfnillg he -84BY QRerTR o Pine 'pRstLifl G
interest and the coding sequence of a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase Il (GnTI) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide along with
appropriate transcriptional/translational control signals. These methods include
in vitro recombinant DNA techniques, synthetic techniques and in vivo
recombination/genetic recombination. See, for example, the techniques described
in Maniatis et al., Molecular Cloning A Laboratory Manual, Cold Spring Harbor
Laboratory, N.Y. (1989) and Ausubel et al., Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience, N.Y (1989).

[0156] A variety of host-expression vector systems may be utilized to express tlie
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,



pol ypepti de such that a single polypeptide chain is forned. The nucleic acid
encodi ng the fission pol ypeptide may be operatively linked to the reporter
gene under the control of a single pronmoter, 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 nessenger RNA -59- (nRNA) nol ecul es; one of the resulting nRNAs is
translated into said reporter protgn, and the other is translated into
said fusion pol ypeptide. [0154] If several different nucleic acids encodi ng
a fusion polypeptide having 0(1,4)-Nacetyl glucosam nyltransferase |1

(GhTIT) actg w e&%b b Sl i j i in of a
het er ol ogousg}é{of%lls’ resﬁ%ggﬁ?hlgga%bggﬁy(f@?%glﬂ’gi%ériéeé@esas&eﬁglganay be arranged
i n such way ctliraPER bells, BEReC6 cedlnardtybiiduanaaslis ntheronamrasiiag esisy ylastnrRNA nol ecul es.

If they are transcrihed singl e | ecule, otheir respective coding
sequences Mgy Semls‘?c?]?? a’Oélaﬂ[%ﬂtecfﬂ%\feﬁmogﬁgﬁys}%ossoﬁ%str site (I RES) or
by a cap-i nadzpegitaniystmearnat atlecion enéthsdzesre (dedchibgd il Hiry followingbe transcri bed
froma single pronoter .into an .R | ecul e whi is. . .alternatively spliced
into sever alrefggb%?ﬁ’ @relfreé% %?m%ﬁg(gﬁﬁ&}“%?%%?e@s?l(%ggﬁ then are each
transl ated i(@§00-2008) in Wespealal.V r-RRmadishséhing/DfugRYs y4%PES7088. | . Expression

Systens [015 t hods which are well known to those skilled in the art can
be used to (i%?ﬁg/gqéegaﬁﬁﬁ?wm 6%;58186’?{{"34 ‘H&‘ltzaém@%)d’i“ng sequence of

the protei n @Hadd indICREASE, QUL Ch B0 OGbI 12: 88193081 ) hnddn GutRlings, pol ypepti de
havi ng P(1, 4)-N acejt}/lfg"l57 cosam nyl transferase |11 éigﬂl 1) activity and
conpri si ng t4&" cBPgPioteriBiehI 2z 41061 @b I alemate sabadigeRisotfierGol gi resi dent
pol xpept i de eak@ndicVidsh celPBRERR! indd Be ldoRRMplated] idRdink! %eNdaAﬁ kallsi onal control
sighals. These nethods include in vitro reconbinant t.echni ques,

synt heti c t deRHPRIsd Vit Tacambimapt yrast CERTSTHIMYAEIPE fPYaBe e $9d88nbi nat i on. See,

for exanpl e,seilligﬁcet SR ippiteiR HeSekitbRd thé @ocﬁ@é‘iséq[h&ﬁze@f the fusiodbl ecul ar Cl oni ng
A Laboratory nual , Cold Spring Harbor Laboratory, N Y. (1989) and Ausubel

et at., Currrehipentidspiibeirsention fsed edll systembnirisdyith teeehiganbyiis shi ng

Associ at es aRgreMidnBctoft! @'5S Ba&iaus)NoxialndiSBe codik! sigtenfe ¥R ELT Y ,

of host - expressi on vector systens nmaybe utilized to express the coding
sequence of nrtenf drterpsh apd theppding sequense of e Ssionmglyperiide 9€&eof t he f usi on

invention; plant cell systems infected with recombinant virus expression vectors
(e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virss, 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 o 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).

[0157] 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, i.e., 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,




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
nyeloma cells, PER cells, PER C6 cells or hybridoma cells, other mammali an
cells, yeast cells, insect cells, or plant cells are used as host cel
system Sone exanpl es of expressiomisystens and sel ecti on nethods are
described in the followng references, and references therein: Borth et

al ., Biotechnol. Bioen. 71(4):266-73 (2000-2001), in Wrner et at.,

Arznei mi ttel h@ﬂisaﬁﬁtwﬂgéraiﬂagx ?s1yad%ﬁ§1&lon&?tes 3R, 3 408 A98)ctalOmAR@Er sen and
Kr umren, Bi ot echno 13;117-123 (2 02) i n_ Chadd, and Chanow,

Curr. p. Bi %Plé%ﬁﬁ%the mfroducgian gffareien A%, enaﬁfem dells iy begloweddnr r . (p.
Bi ot echnol . k%wﬂ:'i_’(i—z‘léﬂrs(nzﬁp&hche'd'}néﬂhéQﬁc{‘ﬁk@aﬁmﬁ&@tﬁde&{v@er eukaryotic

host cell systens nay cont enpl ated, includ |n8 yeast cells transforned
with reconbi Mgt ?éa%“@kbﬁ%]ﬁwhﬁl@é@@l?%w@m@ AenfEys rsistageRiPng  sequence of

the protein gl b5 ﬁﬂ@stsg‘écu%ﬁ‘i’:'f%gllss\%ﬂl\éﬁ@% éi’éb& Rfegdrdisd @R POl ypeptide

of the invention; iInsect cell systems i|nfected reconbi nant virus
expr essi on v@bﬁ@dsm(oeﬂlgr chrmwmes/mdlgywmmrm fQPlﬁﬁllﬂh@ twediapdesequence of the

protein of inRfSLLsH ?ﬁﬂd&d‘iﬁm%@ﬁjh sequence of the fusion polypeptide of the
i nvention; plant cel tens I nfected with reconbi nant virus expression

vectors lﬂl@] g. cémlmwr@wecmiit@n&m%!m usedaiviluding bainotlimitedde.c virus, TW)

or transforlﬁgech gn{p ckq,l;mg @V%}‘e? ﬁ sbgﬁl yggst@?éh %e g., Ti

pl asm d) cont al e cod sequenc the pro el n terest and the
codi gg sequemxanﬁnn@ﬁemyhﬁmhg@b%ﬁmfwe&&ﬁyh@h@&ﬁméhlsho?roc or animal cell

systens infe d t i V=Tl

adenovi rus, %gcf%da'?c\flﬂg%g Iilﬂ;gz):iui &H%Wﬁﬁl%@hgg??g 1neere}(’is(et o contain

mul tiple copl(wsoétail@llmﬁléﬁﬁw) gryes, bichoat b employd indk"grgpstorand t he codi ng
sequence of LB chHiSHaRoRMY BB il Bloli el AN BsefLlOEE,R1 201y anp! i T ed

(CHO dhfr) or*uns ronosones (e.g., nurine
cell lines). ofed&Hdn Enrdhfrhwhmmhﬁdsrasfstahd:uts mehhmmtat@ﬁmmabble expre55| on is

general |y br ol 465 b Al ANShAAbes5 GRS A S MASscd st Bisi™! |V achi eves
78:1527 (1981)); gpt, which confers resistance to mycophenolic 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 et 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,
which allows cells to utilize histinol in place of histidine (Hartman & Mulligan,
Proc. Nati. Acad. Sci. USA 85:8047 (1988)); the glutamine synthase system; and
ODC (omithine decarboxylase) which confers resistance to the ornithine
decarboxylase inhibitor, 2-(diflnoromethyl)-DL-ornithine, DFMO (McConlogue,
in: Current Communications in Molecular Biology, Cold Spring Harbor
Laboratory ed. (1987)).




also is nore anenable to |arge scal e production, i.e., production of the

gl ycoengi neered anti bodi es of the present inventioninproduction scale cel
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 elenments (e.g.,
pronoter, enhancer, sequences, -61- transcription termnators,

pol yadenyl ation sites, etc.), and aggel ectable nmarker. Follow ng the

i ntroduction of foreign DNA, engineered cells maybe allowed to grow for 1-2
days in an enriched nedia, and then are switched to a selective nedia. The

sel ectabl e marker in fihe raGRHEBRANDE PlhagdiscontREsResistace to the
sel ection and al | ows sel ecgyipals Phe pl%{elhﬁﬂwﬂl%)h Mé&NBePERBbY1atibE €gr at ed the

plasmd into their chronosgpyges and grow to Tormfoci which in turn can be
cl oned and expanded into cell lines. [0158] A nunber of selection systens

may be d, incluyding, put . not limted to, the herpes sinplex virus

t hymi di H@lesﬂ nase Mﬁqéﬂfg@%‘“ﬁl"?’“@é{ﬂe°?‘%Pé%°§“?nf%ﬂfl) mg‘?’f?‘ﬁ’ %1t hi ne- guani ne

phosphori bosmbh%faﬂgf@)ﬁ%gm{e%yﬁassh@& el Vi at 14360f0ur gidtal . Acad. Sci.

USA 48: 2026 (1962)), and adenlne_ﬁgos hori bosyltransferase (Low et at,
1RO B

Cel | 22:817 #wPoBeisH: Gehb¥-Dhwi ar P &Y (p)the presengg 9kt - or  aprt

cells, respemséﬁe;ebf'vma&ke%oﬁmﬁrfaﬂcﬁsﬁsam&s&ﬁmrg%ﬁ1%«}eaepﬁmféedpﬁlaﬁaysed as the
basis of selection for dhfr, whi ch confers resistance to met hotrexate

(Wgler et ameasurefhy the expreggion gfthe regpsativeanBN4 frapsegpiojn thehgsgheed et at, Proc.
Natl. Acad. g () ksltiod 8F the £énel pkSRL ds mERhred b?f immumoassay or by its

whi chconf er sresi st ancet omycophenolic acid(MilTigan & Berg, Proc. Natl.
Acad. Sci. Usploggalzgtty(1981)); neo, which confers resistance to the

ani riogl ygRsa) de Glﬂﬁf%ﬁ(‘%!p?c%:ﬂ,%e%?és@r@c@fiﬁ&ccira%nrgr;e]queﬂ\@%ftﬁéﬁbtcinwo: 1 (1981));

and hygro, which confers resistance to hyg cin (Santerre et al, Cene
30: 147 (1984integshand threeding sgquened dif theofvgion elypentigp oé thycReantiglve been

descri bed, j I kAl AL in place of
sCri RRERH Y bk ?@ﬁesgpfr 8%,;@ (%Wxgde@e%iehﬁypgggbm FONAGNE I n P

tryptophan; hisD,  whi € to uti tinol in place of
hi sti di ne ( Haybridiation usine probessompiisingnucirptide seqpenges thasare horydpe®s: 8047 (1988)) ;

the gl utam ng, SYNLABSE: UELE Ul (BUOLNLE BiiEadecaLhRINL ase) whi ch

confers resistance'to the o oxyfase inhibitor,
2- (di fl uor ontetepf.) - DL- omi t hi ne, DFMO (McConl ogue, in: Current

Commmuni GdiPnS 1 N U G B prBcR! B¥ecortithdhe SdsBn FEERRost system

can be identified and selected based upon the presence or absence of certain

"marker" gene functions (e.g., thymidine kinase activity, resistance to anfibiotics,
resistance to methotrexate, transformation phenotype, occlusion body fonnaﬁon
in baculovirus, etc.). For example, if the coding sequence of the protein of
interest and the coding sequence of the fusion polypeptide of the invention are
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



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 whi ch
express the biologically active gene products nay be identified by at |east
four general approaches; (a) DNA-DNA or DNA-RNA hybridization; (b) the
presence or absence of "marker" gene functions; (c) assessing the |evel of
transcription as measured by the exgg.ession of the respective nRNA
transcripts in the host cell; and (d) detection of the gene product as
measured by inmunoassay or by its biological activity. [0160] In the first
approach, t hesontesaa afilybd by RorkRe Y16t uSiBE B BRSEhdRolSJIEs RItRE &dhgof | nterest
and the codi ng sequence of the fusion pol ypeptide of the invention inserted
in the expre$8quspresy of thsrpretgin ofeiniseast andetye ispdimpsedpmase o¥ thfsima

hybri di zati o ?,gﬂ,?;gﬁﬁe Bf BPES ertOHBE %ﬁi&ﬂu RUGLAALLESR. AATMERGSS tihat are

honol ogous He respective codi ng sequences, respectiVveély, or portions or
derivatives nupleicagifls offigsll®st cell may e exfeasisd andgspayerhion hytridécationonbi nant

expressi on vggéh hlgst system can be identified and sel ected based upon the
presence or absence of certain "marker" gene functions (e.g., thymdine

ki nase al®d63li ty, methe Jowihcaproachaths txipressions of the pritein reducts of thet hot r exat e,
transfornmati i . | i ovirus, etc.).
For oxampre, Ty EERAP mAGELHBMERBRNY of &1 Wilod Bl B BEMLCY 115 (e

codi ng sequerffbdaf-atdidglhesaroinyledsfgyee (1 (& 'ToH) actratyiand eomiprisingdhee i nsert ed
within a marker .ge ence of. the v Q r.ec Ln s cqntaining the
respective c%lﬂgoc%ﬁgﬂg%%ﬁ%%ﬁalberéer?la%oﬁlg Ff’{gie{fmgg;/n?gﬁlgp %b%sleeﬁaélébeof t he marker
gene; funct i orussefied enmatologieklyy, fon exempltehy Westsen blats, ivenpdaamagsisucinast andem wi t h t he
codi ng sequencegs under the control af, t.he sane or diffetent.pronoter used to
control the eri%g? Ssung-ﬁreglpﬁ%t}%, c‘}%&’i“ﬁ%ﬂéf’é‘ql&%“é‘g??ayﬁxa’a‘? géegliﬂ%h ® the marker in
response to iultitna¢ tssnofcthe siebas bf dre éxpebssiat gystex hovesysi, davobies tiee codi ng
sequence of e.pratein.of (nterest and the coding sequence of the fusion
pol ypepti de. %gi%%]ogi}ﬁbf%%gw[ahy?"glvﬁﬁﬁ'eé’é%ﬁf’ts’t ranscriptional activity for the
codi ng region of the

b. Generation And Use Of Proteins And Protein Fragments Having
Altered Glycosylation Patterns

i 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-Hodgkin'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 results in phase II clinical trials. Deo et al,, Immunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
respective tumor cells and the antibodies mediate potent tumor destruction by



protein of interest and the codi ng sequence of the fusion pol ypeptide of the
I nvention can be assessed by hybridizati on assays. For exanple, RNA can be
-63- isolated and anal yzed by Northern bl ot using a probe honol ogous to the
codi ng sequences of the protein of interest and the codi ng sequence of the
fusion polypeptide of the invention or particular portions thereof.
Alternatively, total nucleic acids of the host cell nay be extracted and
assayed for hybridization to such-p#-obes. 101631 In the fourth approach,

t he expression of the protein products of the protein of interest and the
codi ng sequence of the fusion pol ypeptide having

0%1, 4) - INF acetf&btlgﬁaeuoﬁmﬂaddtmam]{ ﬁ[aﬁ&ask Imang(aﬂﬂdnlc&x?jagatddm%s and Cf)rrpri Si gg
the Colgi ali zati on Ln o et er gl ogous ol gi. resjdent pol ypeptide
can be asseCULiRT WM SPERTHESS SNt fREssk £ ‘F’% %‘9"%%%#?&81 8% s, i nmunoassays
such as raqiofﬁnmmec]&ﬁ@@ylﬁ‘séfﬂt Ffb@uer@mmn&rbwkﬁmlmrmﬁﬁﬁays and the Iike.

The ulti mate test of success of the ex eSSI on stem however,

i nvol ves t he# 6@{"@6@?”% ]é’flsﬁﬁé(k??@ @@T“‘é’&%"l"ﬁ ﬁb‘ﬁ’é welcts. b.
Generati on m&ﬁ%egpy%&iﬁhmeﬁ@%s%dommoﬂ §cﬁasﬁtda&te Atered

G ycosylation Patterns 1. Generation And Ant i bodi es Havi ng | ncreased

Ef f ect or Furf@iibeshy-deprdeny Pﬂbﬂmhﬁ@tae@yx@m&mcrmg the agtivitygadot oxi city [0164]

In preferre ug[f,bp e t - cof orms of

ant i bodi es i nt|ﬂﬁﬂﬁ&?r%Qﬁ%ﬁ%§§hgt?%gyﬁﬂé%gggeégﬁzqgégg% or bindi ng

and/or eff e‘blT@ﬁ ef ahoflfwmuFWédfrudP héd- ahﬁ%éblyA@é?ﬁ‘emd@m attack| enl ar

cytotoxicit lsanal anti bodi es
y )/ u{a&gv% etld Lk (i?{nsggér&ﬂr@m Canc eﬁrgcveg{&?s% ik

(mAbs) for t tnent o recently yielded
encour ag| ng meﬁ%ﬂtregmn (E!I)bfmhodlﬂsaﬁwtaBlfmmhmlogyZOMdBd%’hﬁB?ﬁ) 12 223 25

(19 7); et at QQH@ ) C, unconjugated
| gd haé been ap?b%lgve ovv- gradeaﬁ% &% é‘%%%zé\r[)(@ c%W%%n Hodgki n' s
| ynphona. Ditdoomgwgated Sghiteis 1Bi anginesr. th&FRaeB:lmphhﬂﬂmanﬂlﬂﬁd?ZSPI@Eu( 1997), while

anot et unconbiahs ol uOMTREREA A SEL HARTL BaigBlulal o2t (UL,
et at, | mundittedyG THdadymain. Lund ef al., J. Immunol. 15 7:4963-69 (1996). However

FcyR binding also requires the presence of oligosaccharides covalently attached

at the conserved Asn 297 in the CH2 region. Lund et al., J Immunol. 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,
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 FcyR binding lies
within the oligosaccharide core. Lund et al., J. Immunol. 157:4963-69 (1996)



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 specificities cannot trigger effector
functions of sufficient potency to be clinically useful. Frost et at,
Cancer 80:317-33 (1997); Surfus et al.,J.lnnmunother.19:184-91 (1996). For
sone of these weaker mAbs, adjunct _gytokine therapy is currently being
tested. Addition of cytokines can stinulate antibody-dependent cellul ar
cytotoxicity (ADCC) by increasing the activity and nunber of circul ating

| ynmphocy: Fros . ! : ; ustry 4 f“@fﬁ} at, J.

| munot hredri?s]lQ: 18%§%O%Q%W&%&?§96dgéﬁﬁ%c&%@?§%us n Hgn I gdy-target ed
cells, is trifggeedutiepaimbinngated ttefapbuiskoststrermallyepadrthe teguitdde  const ant
region (Fc) of. [ ies. -Deg e nol o oday,;48; 127 (1997). [01661
A different, %ﬁ@aécclg%%%éﬁ rrﬁn ‘;%‘r‘@s: mgfﬁ%{re%afgﬁﬂg’%?mlsﬁ%ﬁ%%g%ec gag{;’i vity of

unconj ugat ed Hog€es, thebitestienGicNae fount én 16w ameantoin sefunt lgGs.abifélperdy. Protein

engi neering stugdjes have.s CyRs interact with t | ower hinge
region of trei%@sbaﬂ?wﬁéﬁgfﬁ%% ‘EFXW?“W&FH?FBHQS?’?S %@.ﬁi‘%s- 69 (1996).
Howe}/er, | Feylt rbjr(]dltsdiﬁmgoaicﬁd; hi@ehiddIsGl (EANIPATHNIE dafriedlal ig@s@pchar i dgs
covalently at e at the conserved My 297 ip the CH ion. Lund et at,
J. I nmmunol . 1@E§Aﬁ%?m%§l?ﬁ§§8§’}’n§7vi 1l éﬁfﬁ"ﬁg‘f”f’gglé’ﬁlf g"lé{"@%o?g Bi ot ech.

%5: ﬁ6a_31 (lﬁQTQQS).SHQgﬁ%éﬂ-B@ivc% htibo®} redraed ﬂliﬁ)ﬂﬁj&mﬁmiﬂ\ﬁﬁomﬁ@m ypeptide

ot irectly caontribute . t e .interaction site or that the

ol i gosacchar iaﬂ’é“fys“r(gm?e)f‘gﬁ'ﬁﬁa‘?‘P&PWPSaPTHd‘%Pﬁ&)&bft?de@ bnss, Wb &t i de

conf)or mat i on. sigvibafttyCewbniRidy chfettatig@sacchari de structure can therefore
be explored as a neans.to _increase the affinity of the interaction. [01671

An 1 gG mfl&8ul e cdbs FAMPALS aqtipsnisramally Ryessntatiieh evrdson ynphamar: ¢ egi on,  one

on each heavyefid)ahd thif\Shidieic G R’ BECIADCE RctAty DAY alséncBldfduced as a
popul ation of glycoforns which share the sane gol pepti de backbone but have
i T1erent of IMESERECHRNAGeSAiab e ehodbeabialem HEFLH3Y (PP Gietis. The

ol i gosacchari i : } are of conpl ex
g 1H&8d AROTRA N p&@?&ﬁg a biRechREGERAL Egilldéﬁ bPhhe é&gh&?gdllgg nmp

bi -antennary type { Wr mal d , Biochem stry 36: 130- 38 ), with | ow
| evel of t er riffaedtylgineassramyiirpesiagsg Ibi{Gelc HDn §ohackiere Bipckaru CoB &aine (G cNAC) ,
and a variabyg 489 fRepf termnal gal actosylation and core fucosyl ation.
Some studies

[0170] Previous studies used a single antibody-producing CHO cell line, that was

previously engineered to express, in an extemally-regulated fashion, different

levels of a cloned GnT Il 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
\ . antibody.

[0171} Further antibodies of the invention having increased Fc receptor binding
affinity and increased effector fumction 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

(3622W94) produced by the methods of the invention, a humanized anti-human



suggest that the m nimal carbohydrate structure required for FcyR bindi ng
lies wthin the oligosaccharide core. Lund et at, J. Immunol 157:4963-69
(1996) -65- [0168] The nouse- or hanster-derived cell lines used in industry
and academ a for production of unconjugated therapeutic mAbs normally attach
the required oligosaccharide determnants to Fc sites. 1gGs expressed in
these cell lines |ack, however, the bisecting AcNAc found in | ow anpbunts
in serumlgGs. Lifely et al., Gycggiol ogy 318:813-22 (1995). In contrast,
it was recently observed that a rat nyel oma-produced, hunmani zed |gdQd
(CAMPATH 1H) carried a bisecting G cNAc in sone of its glycofornms. Lifely

et at, G yCORk Aoty 0253 ol B o AP mbBies e e iR AE Sy ant | body

reached a simlar maxi nl activity as PATH 1H anti bodi es
produced in sitakmeandmelehdmd japighwdy HR24adireotddy agafrist £/ \gabglingide ant i body

concentratio Jegg}ﬁtglwgﬁg@%yﬁhwﬁgh gg@m}n%?rp%mﬁu% ‘G‘E‘ﬁi nt at high

| evels on |y activity in
t he absence cﬂ‘ll @rcilsinsendronigndbacibady (3§-28 pyodateddty. the Eethodbofthegy 318: 813- 22

(1995). IntheN— I|n cosyl.ation pathway, .a_bi A cNAc is added
by the enzyn® ktl\lg"gggﬁagf\éﬂ@&gg WF’PF%?(%% Zple @boﬁy T P. Schachter,
Bi ochem Cel Im{lﬂbmd Systeﬁﬁ M&3k Kkéﬂﬁﬂﬁducec{‘ﬁﬂiﬁé)inetﬁmﬂ\ufmm&huﬂi es used a single
ant i body- prodycj n | J,.lin t.hat was Vi 0 engi neered to
express, in ﬁrﬁ"fé??“é‘r rﬁi’f’@%ﬁl YrRfomas HRGRgele Bﬁf f%ﬁ%’r‘# @g & s of a cl oned
GhT |11 gene(ieditaybmalf, UTaleeyr Pha;lmecteuﬁdals) Nentdlen B{Tetladélond, . Alpha: 176- 180
(1999)). Thigs, approach established for t Lrst. tine a.rigorous

correl ation @B?%&‘ﬁ‘g)efﬁﬁg i Bh lei‘f’dmtvﬂgmﬂD@C AEMPAR  of the

modiyf i edcI antduageys cefl Qéaﬁlalgld E&bktcbhﬁnoﬁﬂEﬂoh&d%xﬁﬁa:ﬁﬁodyﬁ@éﬁ}}hﬁﬂloh@n Pavi ng

i ncreased Fc_receptor ing affinity and increased effector function

i ncl ude, but S@ﬁteénsﬁB’E"'p?rF %Eeéh"déﬁ fhe pygaien, ﬁbﬂ’rt‘(a)lmnﬁé‘ B'ﬁa nocl onal

anti body (Ch@&ﬁcaquMoaanmbwm%&xqém&BBma [VébdebGlax@ chimeric

anti - human ren? cell carci noma nmonocl onal anti boc} (ch &50) produced by
the methods &fellporeeliprrpatd by fhe Bethodiithecveates. Aperd-tumah ovidRal  ant i body

(e.g., Trast b@am&m&mny@m%eqnmmmmmﬁﬁ he invention, a
chi meric anti-human col on | ung, and east
of the invention, an anti-human acute myelogenous leukemia carcinoma

<B

[

-monoclonal antibody (SmartM193, Protein Design Labs, Kanebo) produced by
the methods of the invention, an anti-human 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-Y2B8, IDEC Pharmaceuticals) produced by the
methods of the invention, an anti-human solid tumors monoclonal antibody

) (CEA-Cide, Immunomedics) produced by the methods of the invention, an anti-
human colorectal carcinoma monoclonal antibody (Jodine 131-MN-14,
Immunomedics) 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



carci noma nonocl onal antibody (I NG 1) produced by the nethods of the

i nvention, a humani zed anti-human 17-1A anti gen nonocl onal anti body
(3622W4) produced by the nmethods of the invention, a humani zed anti-hunman
-66- colorectal tunmor antibody (A33) produced by the methods of the
invention, an anti-human nel anoma anti body (R24) directed agai nst GD3
gangl i oside produced by the nethods of the invention, and a chineric
anti - human squanous- cell carcinoma gpnocl onal antibody (SF-25) produced by
the met hods of the invention, an anti-human small cell |ung carcinoma
nmonocl onal anti body (BEC2, |InClone Systens, Merck KgaA) produced by the
nmet hods of the inventi an. antj-human non-Hodgkin's.|ynphoma nonocl onal
anti body ( Be VRO AR e B P PR AT CAREPIA R ol ym

( Techni cl one makérahianclabom: apaotlén) datipsdy BreeitchAltaRex) pithedby e the i nvention

an anti-human _squamus cell head and _neck carci noma nopocl gnal anti body
(C225, |Ind oﬁ’étm%i/%%ﬁé‘)ve’&}"é‘pé‘i & Wgthﬁal%?"ﬁ%ajé’elﬁﬁe@%r%ﬁ%ﬁti on, an
anti - human r ahadlor@tiby (MBndeingl ARIHBY CuafEhie Tamuast) phraded bPanor ex

(edrecol omab), Centocor,. axo _Wel | cone), prepared by the _nmethods of the

i nvention, afhcapthodnefibminyntion ofn addition; thoinsentipnisdirssied toantthodydy ( Ther agyn,
Anti soma) pradseaR! ahy fubibs proRdiQdepristh, Eli’@%idnrl}iﬁ% EqivaleaPtcPlt Fo human acute
nyel ogenous | eukeni a carcinonma nonoclonal antibody (SnmartML95, Protein
Desi gn Labs, mgimabaynwpogiebelsd: by the nethods of the invention, an
anti-human mal i gnant glioma nonocl onal antibody (Cotara, Technicl one,
Canbri dge Anti body Technol ogy) produced by the nmethods of the invention, an
anti-human B cel |l non-Hodgki ns | ynphoma nonocl onal anti body (1 DEC- Y2B8,
IDEq Phar maceut i cal s) iipr odgefghtioy Anddse TFtRUSIHS PoteilidCorhptis@ipt AoOn, an
anti-human solid tunors noRE&::DNBuidnt bTEY An( GA-Kdgitd, dfMmunonedi cs)
produced by the nethods of InidighokPYEM THRfPro@éte B Mediaftd DRdtok@itgr ect al

carci noma nonocl onal antibody (1lodine 131-M\14, | nmunonedi cs) produced by

t he net of the inventi an anti-hunmap ovary,. kid , cDreast, and

pr ost at g?rl ci noma® r‘%loscr"lu&s: do%é}ive’gtﬁ? ipﬁegﬁj;; ’{‘Wﬂﬁ?ﬂzﬁﬁt& f\?e%&?eg@a f\%varti S)
produced by trvecasing theFsreadptor hiading wffinity and/or affecton funetivnodtherapailtior ect al and
pancreas carcino nocl gnal .anti body (TT Phar maci e j ohn) produced
Dy e et noguitBre. niEy i g Y s T em R Ppgect of te FE

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
Manl¥ activity, that modifies the oligosaccharides attached to the Fc region of
such antibodies. This strategy can be applied to increase Fe-mediated cellular
cytotoxicity against undesirable cells mediated by any molecule carrying aregion
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, (2) 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 Fe region (Stabila, P.F., Nature Biotech.
16: 1357 (1998)).



expressi ng carci noma nonocl onal anti body (MDX-220, Medarex) produced by the
nmet hods of the invention, an anti-human EGFr-expressing carci nona

nonocl onal anti body (MDX-447) produced by the nethods of the invention,
Anti - VEGF nonocl onal anti body (CGenentech) produced by the methods of the
-67- invention, an anti-human breast, |lung, prostate and pancreas carci nona
and nmalignant nel anoma nonocl onal anti body (BrevaRex, AltaRex) produced by
the methods of the invention, and an anti-hunman acute nyel ogenous | eukem a
nonocl onal anti body (Monocl onal Antipedy Conjugate, |mmunex) produced by

the methods of the invention. In addition, the invention is directed to
antibody fragnent and fusion proteins conprising a region that is

equi val efg1730 theld:ﬁe cas%gaf@au% ﬂl%ﬂﬁ}&%??&?lﬂlentﬁrg_r lg ddRRRLARdcison And Use Of
Fusi on Proteins Conprising A  Region Equivalent To An Fc Region O An

| mmunogl obul ﬁmdmaqfﬂrarfmmmmt%wwéh celfsspetossicenceycefig 1P2jn a8s di scussed
above, the p(rjﬁ 'fﬁk‘ﬁfoﬁtﬂooﬂﬂﬁéuﬁ&%ﬁ tithoQieft ”ﬁ%gﬁ?)ﬂhéa% of ?és ng the Fc

receptor binding affinity an ctor fun on o era utic
ant i bodi es. TdMCkJSfrdsn@lmdlt@mé'dndgjﬂm@ﬁ'gﬁmé@pﬂlqmgm@lhtbn@%ym@kwcmelhdar pattern of the

o hedion ofcRall AlLPAdkER ol BeRARLLAHL B ins ROl RE R A EN®

ant i body- pr oduci ng uce a yet| , e.0., GTM activity
or Gal T act ithctmythod)apphebdamﬂlempbunuanybodiehat nodi fi es the ol i gosacchari des

attached the F¢ region.of .such odi es r can be applied
to incr egislg‘“Fc- rregrf %’?gﬁse SEePLc-ag 393%1%1%:0&%;@” u%ga\é % abl e cells
medi at ed by aaeumlttedauﬂﬁhwatcrejq)f@tads ms arcochhg]ﬂm msmn@mtaqumabmnt to the Fc
regi on of an t on nti hodi es, since the
changes intro egﬁ%i hygﬂﬁ’ eé@’rylaﬁén‘?)‘%/'es 3@' {3 “PHe% only the Fc
regi pn and the\voehﬂraqﬂmhﬁdomlelmtomﬂsdmt‘s hx;hdssaofefthéﬁxsﬁntpmtanon t he surface
of effector cells i nvoI ved,in ni.sm. Ec- i ng nol ecul es
to which the P Qi Q:qsg@i?jc‘?)r@t?fo sml?%’faﬂgné‘bﬁ}e & s‘ude but are
not limited tgnetlcally @ghaab@tofmpﬂewmmb@m&mmﬁémﬁoé amesterng protein
domain fused tQ the N-ter of ap . Fc-r an v and hkenazi ,
Trends Bi ot ectfls Fpuldgaemy &;8 Fljdntf‘g 2"%& lﬁ%é’PD P& f usi on
proteins nade(emfapﬁlatementﬂeraw)awmbf@am@ot@eﬂedueyédhﬁytmlr@q&cwﬂs to the plasma

cellnlar cytotoxicity mechanism. However should the capsule device fail and the

escaping cells become undesirable, then they can be eliminated by Fc-mediated

cellular cytotoxicity. Stabila et al., Nature Biotech. 16: 1357 (1998). In this case,

the presently disclosed method would be applied either by incorporating into the

gene therapy vector an additional gene expression cassette directing adequate or

maximal expression levels of 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 standar@ or conventional treatment methods such as

chemotherapy, radiation therapy or can be conjugated or linked to a therapeutic



menbrane fused to the N-term nus of an Fc region (Stabila, P.F., Nature

Bi otech. 16: 1357 (1998)). -68- [0173] In the case of sol uble fusion
proteins (a) the targeting domain directs binding of the fusion protein to
undesirabl e cells such as cancer cells, i.e., in an anal ogous fashion to

t herapeutic anti bodies. The application of presently disclosed nethod to
enhance the effector function, including Fc-nediated cellular cytotoxic
activity, nediated by these nol ecul gg would therefore be identical to the
met hod applied to therapeutic antibodies. [0174] In the case of
menbr ane- anchored fusion proteins (b) the undesirable <cells in the body
have to express the gene.encodi ng t.he fusion.protein. This can be achieved
ei ther by ge‘ﬁgg’t"ﬁt@?‘lﬁ wﬁ%ﬁ%ﬁ@ﬁ@?‘?@?@&%’%ﬁ&%B%@#& cells in vivo
W th a pl asnddivay ofthé Blrapatic @gent fabe dicloetht Sareii@hessi on of the fusion

pr ot ei n- to undesirable cells, or b | antatjon in the body

codi ng gene el

of cell §01%8]eneti %&%“W‘l@rf@’f RasEesthdigrradic aﬁ%?é&bgﬁeiﬂ‘%‘t’@i n on their
surface. Thegdowhlee, oGS Arfior¥el. AMOREIHa] AntlbBdibdHot Bth@ibtirgeahpr body i nsi de a
pol ymer capsul e (encapsul at "eo[ cell therapy) where they cannot be destroyed
by an Fc- nedvaigei Ceee "Eheaqpwald‘tfwrlemlﬁnﬁé&*rﬁrﬂ"érﬁ?mm@wpys houl d the
capsul e devig&sshialet aﬁlf__lédsj,%, 28R SAPAIRORC Eisd, Ind OSYEHBINGISRI & @bl e, then they
can be elinmnated by Fe-mediated “cellular %ot oXi cli té. Stabila et at,

Nat ure Bi ot ec¥ntibadies Hgshrug1Beppry") in ContwliedJeug Rafueryr@ak@dly di scl osed

met hod woul dplienBRRI s £ inh H85-58 MR DR icl ¥97), Thdipd, MEninaBNe t her apy

vector an additional gene expression cassette di reccﬁ)ng adedquate or naxi mal

expressi on | eyraers QSCytotaxic fgintsningianges dberapte AoRewieve', imMderacianal or by
engi.neerin / ; i | r maxi mal | evel s
g 9 ot !3% B?ngoeglg%utqg @9&9:%%9”%3@@53%%?#@&%%&

of the fusion polypepti e 1 nvention. _ cations of

Ant i bodi es, 4£5t306 635 ruldikerpe ¢ alatiche Prepiration ARJ CytotopsiciPaepsttity @filuced Accor di ng
to the Methogs..0f.,. e e d P Fenrludi 7 Q% | hes (i.e., the

anti bodi es, gﬁ‘%@@%&% ngaﬁr%trﬁss’, an '&fg;s‘?"-oggﬁl%?%p??%' conprising a region
equi val ¢8i77} o t heAlematiedy, e rglyobengmeenadiatibady caipbed congled tohighderergyr esent i nventi on

can be used gligng, L9 1 kaSboAKLLL s LHBECELL S il MR pupdhe anti bodi es
can al so be used rnA~tonjunction wth an’appropriate therapeutic agent to
treat human gy esnivima kilug efsenahlocell tdmmetend fstxo dige Ordan"Amelyised i n

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
treatment of tumor 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 vitro and in vivo Antitumor Activites
of Phosphorylated Mitocycin C and Etoposide Derivatives by Monoclonal
. Antibody-Alkaline Phosphatase Conjugates”, Cancer Research 49:5789-5752
(1989); and Senter, "Activation of Prodmgs by Antibody-Enzyme Conjugates: A
New Approach to Cancer Therapy,” FASEB J. 4:188-193 (1990)].



conmbi nation wth standard or conventional treatnent nethods such as

chenot herapy, radi ation therapy or can be conjugated or linked to a

t herapeutic -69- drug, or toxin, as well as to a |ynphokine or a
tumor-inhibitory gromh factor, for delivery of the therapeutic agent to
the site of the carcinoma. [0176] Techni ques for conjugating such

t herapeutic agents to anti bodies are well known [see, e.g., Anon et al.,
“Monocl onal Antibodies for |nmmunotasgeting of Drugs in Cancer Therapy", in
Monocl onal Anti bodi es and Cancer Therapy, Reisfeld et al. (eds.), pp.
243-56 (Alan R Liss, Inc. 1985); Hellstromet al., "Antibodies For Drug

Del i ver }:waid N CoRt.yol L.ed. Drug..Delive nd E : binsgn et al. (eds.),
pp. 623@:?1( Mar cgf"ﬁ E%ﬂ???éﬁem?’%@_c “%ﬂg%&ﬁ%‘%‘ﬁ%ﬂ‘ﬁn %%&l}v{ﬁ‘@é?r riers O

Cyt ot oxi ¢ Ages)teithdriin Gangredendeélr dpiplem@nRervaseatt, ofian adiodgldaipadr Ant i bodi es
'84: Biological And.Cinical | i cations, Pinchera et al. (eds.), :

475, 506 ( 198850 AgR RS odD FHRYe SRHEoR EpRIEEPORY Ritox; ¢ Pr oper t | es
O Anti bodypatié@xd. Acéoedihgie @liespproadt) AsIORIs bERYaarroR2aay b8 p@Bed k982) | . [0177] :
Al ternati veg, a gl ycoengi neered anti body can be coupled to high-energy i
radiation, &by tgatmegtvaihdhs ahlodyaudihe azqwinused b“\R}ﬁP’é‘}ﬁ, CHWER | ocal i zed at

the tundr  Skdefo.g [TOSMRY & ol "BondtMartow Bir8hg SEMENBhoddhl AflibsdiRt er s [see, e.g.,
Order, "Analysls, Results, and Future Prospective of The Therapeutic Use of
Radi ol abel ed- Clihdmpgagl: BR):8kR8 &98%her apy”, in Monocl onal Anti bodi es For

Cancer RRBECT i ON FuAREnBB LAY RHoB, RocSibihnt ity@fifotdxinsdd 0893~ 16 ( Acadeni c
Press 1985)]. According to ¥et anot her enbodi nent, the anti bodies of the
Q

i nvention cdpcopinaglopensiuate gl dhe wvention rrenaming, hgyspeeifisityy pd ¢ ant i body

het er oconj U%jéigen wﬁdiﬁgg;?egianr@@h@%i;éaf moHEnafl Ghiltod P SnafCEE ubdaed by Segal in
U. S’ Pat. No. 4,676,980." [01781 Still other therapeutic applications for the
anti bodi es dherexsativally.dier pxamply, thelsingle-bainjupantionnsef the iakegien, e. g., by

r econbi nant ﬂ%etngﬁlﬁmé{glﬁmaﬁ&r&‘fbmﬁﬁ%%ﬁe capabl e of converting a prodrug
into a cytotoxic drug and the use of that antibody-enzynme conjugate in

conbi naf®18H wi t h Simmitarlyrafuvienpretein comprising af leest the pefibenrbindipg seetopt ot oxi ¢ agent at

h i . . " ARt | . f

At body.- al 107 LBty B e ineerlEAEhedih aboota ddRbAa iR oo 3% 0>
(1988); " Enlrasod prtein pfvinglanti-lumov aativity, agda lymphoking opmrchstatimsrn et i vi tes  of
Phosphoryl at egy i ¢ AFMER Seoffdtha T WRSH AR, Yab b iSnRelRQe! onal

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 1s 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) ir vivo. This method comprises administering to a
subject a pharmaceutically effective amount of a composition containing at 1east
one of the glycoengineered antibodies of the invention or an immunoconjugates

(e.g. the tmmunotoxin) comprising same.



Ant i body- Al kal i ne Phosphat ase Conj ugates”, Cancer Research 49:5789-5792
(1989); and Senter, "ActivationofProdrugsby Anti body-Enzyne Conjugates: A
New Approach to Cancer Therapy," FASEB J. 4:188-193 (1990)]. -70- 101791
Still another therapeutic use for the antibodies of the invention involves
use, either in the presence of conplenent or as part of an antibody-drug or
anti body-toxin conjugate, to renove tunor cells fromthe bone marrow of
cancer patients. According to this gpproach, autol ogous bone nmarrow nay be
purged ex vivo by treatnment with th ‘antibody and the marrow i nfused back
into the patient [ see, e. g 5 Ransay et al., "Bone Marrow Purging Using

Monocl on Ant i bodi es™ . in. | munol 8(2) 81-88 (1988)] [01801
Furt hern@m4 chi n@raiférﬂé?ﬁta%@dthééme?@é‘dwq‘%@ﬂf o ahRPRYE ieHed R d ot her

reconbi nant %ﬂ:ﬁfg%ﬂ%ﬁmﬁ&uﬁé@séaé\é’ﬁ%ﬁc@@ u:PQH&l@'oPhx{‘EarE P%p&ﬁ&‘é&hﬁ:' city of the
anti gen- bi ndi ng regi on_of desired nonocl onal antibody may be used

therapeutlcawm?anblb@ctleSmban @n ﬁ-@ﬂsﬂﬁgﬂ@ncﬁ@mwwnamﬁmww 8f the
i nvention, ffe&nﬁeaﬁ@ﬁmf&?ﬂﬁﬁm A% a8l Similarly, a
e anti gen-

fusion protein orrprl sin east region of an
anti body of tshhgedt rimemedoﬁw}mf,nw umratemeehwmanﬂummnstbﬂqg active portion

of a_ second ya ot gion /LR oAb of ol vt itreaa nCcebpgfiNOKi ne. or

oncostatin can tran carcl foma 1N vi v t her nor e,
reconbi nant tiesheriguewith the owthodsofthvenwntonc e trefersbantiodinpotiter uct  bi specific

ant i bodi es |f| 0 ntibody is
directed towégﬁb%ngrm?grgg%m cfmanct%?gen i‘tm‘rgﬁlfehﬁlsga% | ng specificity
of the anti bdalibprdes irichele, buf aranuﬁhm@dltcetmmhtwmednmdthmbdcytepmnas associ at ed
antigen. [0182] The pr. [ [ QVI des 24 t hod. .f el ectively

Ki |)I ng turmr% Jhcel S é@%ﬁ%@g o ocygo llggé’ﬁlptuﬂ t sggt:"u“ﬁ it T‘ﬂﬁl%bl nds to the
nonocl onal  arrotbetytopénic tﬂmmupsaeschnhatmmymtﬂs; (Slyd@maxhundtolr&andhpteqw valent. This

met hod conpri ses. cti engi.neer antd bodi.es of the present
i nvention or m%%lﬁ‘(ﬁ E‘Qfgt’%sp(’l)%@éﬁarfﬁ’gml ?%‘Sﬁ ﬁ? 2O ng same with
Zg:jdt t urmlrI cqioftﬁtrepTdmeaﬁhtaphﬁxﬁs agthbmanmytmt'tﬁkagmt? aftem&snt Addisopisnona. [018?]
itiona is inventi rovi de nmet.ho reating..carci nonmas or
exanpl e humﬁ HPct FFH%)m't? oﬁﬁ&ogyf‘ﬁﬁmrfﬁdﬁ%d fgsmespon ‘g'(‘fﬁf’nl steri ng(to a
Goodpasture's syndrome, thromboangitis ubiterans, primary biliary cirrthosis,

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, rapidiy 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;
encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration of T cells and
chronic inflammatory responses; atherosclerosis; leukocyte adhesion deficiency;
rheumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus (e.g.
Type 1 diabetes mellitus or insulin dependent diabetes mellitus); muitiple
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-



subj ect a pharmaceutically effective amount of a conposition containing at

| east one of the glycoengi neered anti bodies of the invention or an

i mmunoconj ugates (e.g. the inmunotoxin) conprising same. -71- 10184] In a
further aspect, the invention is directed to an inproved nethod for treating
an aut oi mmune di sease produced in whole or in part by pathogenic

aut oant i bodi es based on B-cell depletion conprising adm nistering a

t herapeutically effective anount of’7'b_m'runol ogically active antibody to a
human subject in need thereof, the inprovenment conprising adm nistering a
t herapeutically effective anmount of an anti bodyhaving increased ADCC
prepared in cor da with the nethods of the invention, In a preferred
enbodi nent , fﬁ@unearﬁnagﬁh?pﬁlgcyi\% %WP?JEC%%‘? %tt?qn%c&&sxs,&g%@o&s, of aut oi rnnune
dihseﬁ;es or pélixagdsies ?ai;]ﬂ&httdﬁs aﬁw_tva@m&isnﬁ_énﬂcidﬂrk taﬁn%niaO(,AdHﬁBi}me- nedi at ed |
t hr ombocyt openi as, .. such as. acute idiopathic thronbocytopenic purpurea an
chroni c idi oglé?aﬁ?%@lseﬁs}‘??lé‘ %%@Blmﬁeglaa §i CErsr mf%ﬁ??ﬂ@ﬁ s, Sydenhani s
chorea, | upumflaf@pidry Biksrder! RALPE bfzal @Y&Y. syR@biS] RARUHARS afeindr ONesS,

Henoch- Schonl ei. n_purpura, .post-streptococcal nephritis, erythemanodosum
Takayasu' s afpayding dut nl dinyied ta GI'BG’BE’E%%? BryRoFLRRORYS FISBYHe, pol yarteritis
nodosa, anky hgssia BRORBALbdnldhtibodyROHRSShatifod st B i BomérilP TDOANYI Ti S
ubiterans, primary biliary_cirrhosis,” Hashinoto's thyroiditis,

t hyr ot oxi cosPagemet mewiteang cdipapss; Heprhoprbokpid syedrgrRgodlierdis maititat onyosi ti s,

pol ychondr i t iGeayed AIERAIE; OUSHHEHIFAR HyashBdE SRldroine; PeAPMEATRLASIsS. Menbr anous
nephropat hy, amyotrophic |ateral sclerosis, tabes "dorsalis, polynyaglia,
per ni ci ous aRdRRbigus; aypigmpge apheadioripongthisse Reltas edibress | SiFmaM i br osi ng

al veolitis, bﬁﬁ%oﬁfé‘,@&lﬁ%ﬂfdésre%ipgﬁﬁ%éu %ISS;M& ¥rigkidh di seases

i nctudi ng psoriasis an ermatitis ( atopic dermatitis); systemc

scl eroder ma_avpiropathisdgd pelynquropathies; dmmunatbrembacytepeia e ( t or ybowel
di sease (sugh.; &Fﬁﬁr'b% 'Pseg@ . & ierfifl elaftlbodleESPI ratory
di stress synﬁ&%‘rrp “%_l nc ugjﬁbg a%%ft rggg ??gf)%ry%gﬁgé’yeess sglﬁsgrorre; ARDS) ;
dermatitis; nfthemyéntiosare veedde gipddts the blood efaotmad B-agt$ for pextepidesher ul onephri ti s;
allergic conggrfoidons such as eczenma and asthma and ot her conditions

|

involving in tration of T cells and chronic inflanmmatory responses;
at her osdPHiSpsi s; Theclootapecevitivihe pragicedd thicingentiyn, the subjectmngi s art hritis;

SYSU e | UPYS&r Yf AETRRSSSovkmlineiaARE 85 TRk biikt iS5 Brter

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 1o a cytotoxic agent. Generally, the joining of the fumor 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



Type 1 diabetes nellitus or insulin dependent diabetes nellitus); nmultiple
sclerosis; Reynaud's syndrone; autoimmune thyroiditis; allergic

encephal onmyelitis; Sjorgen's syndrome; juvenile onset diabetes; and inmune
responses associ ated with acute and del ayed hypersensitivity nedi ated by
-72- cytokines and T-|ynphocytes typically found in tubercul osis,

sarcoi dosis, polynyositis, granulomatosis and vasculitis; pernicious anenia
(Addi son's disease); diseases invakying |eukocyte diapedesis; central
nervous system (CNS) inflamratory disorder, nultiple organ injury syndrone;
henol ytic anemia (including, but not limted to cryogl obi nem a or Coonbs

positive anem a) . astheni.a gravis; anti -.ant i,.bo copl ex nedi at ed

di seases; ant a%;l i i ac:ampﬁlgs RAt e &%ﬂ%‘%‘??&&g&é; ogn?f%f’?osphol ipid
syndrone; alhamgalianmendrictllss; G aves' disease; Lanbert-Eaton nyasthenic

Rt ter AFCcnse IoE P gt R B pB Rt RPaRE cel | arteriti s
i mune conpl eptmeptuiok bells, tt@ifing HRpLF BRAUBYE, drdMepalginslifapitdhi es; | mune

t hr onbocyt openlcﬁ Eﬁg{%ﬁ;{)ur ,eél TP) or Qﬂ?m oi mmune, t hronbqQcytopenia etc. In this
aspect of t h&PSHRFRIFIR divbietty Shesempthesycoaprisg pdmpigsteripg fa fesdiect®® used to

depl ete the o stlouR@f MRlcoBpsilonf e linvemMioaxt ended period. [0185] In
accordance with the practice of this invention, the subject nay be a human,

equi ne, [P8%ki ne, Mooy icprarertythessfore that; the presspt dyentignq caspmgssseubj ects. Ot her

war m bl oodedstanhddBltRalodofipadiSshs] SlbiuthEohsl dhdhdtSods TERati®Nmuhd186] The present
i nvention al'so provides a nethod for treating a subject  suffering froma

cancer. The fomss- Fepgrampls, theingptionderiudegpharmaceiisal copppsitionsfpihi t | hor se,

goaty, sheep, 36 QW thé BetieRt- of TREnMEHES o8 eoRPritifle Bl frbhinelediealf breast,
bl adder, retinobl astoma, papil]l cystadenocarci noma of the ovary, WIns

[ - ar . . -
turmor, or snﬁ@n‘@émou?tlﬁ'ﬁgn@&b?ﬂméﬁ‘ﬁpﬁﬁ@t1@%’@%@%@9’%%@@&i zed as a
group of  celdgddRvdaffdrt unor associated antigens on the cell surface. This
met hod conprises admnistering to the subject a cancer killing amount of a
tunor t 39398t ed arfibp pereppsitipes maysortain theaptihody of antibggy frgmensneier |y, the j oi ning
of the turmr}ﬁh&;d%heg) L@ Y theMobitid DEntClOtRxd G leSofrade under
condi tions I ch per m'nﬁﬁt he antﬂllb(?dty s%%nj%itgﬁec%%’oo@%ﬁsotarget on the

V)

cel | surf aceseceyl ablitrodi)ny i & rgcanebinpot form (eeg- tchimsric antibodies, fragments
of chimeric antibodies, bispecific anfibodies). The compositions may additionally '

L

include other antibodies or conjugates for treating 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 tumor. Intravenous administration is preferred.

[6192] 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
ﬁhannaceutically acceptable carriers 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 salts or electrolytes

such as protamine sulfate.



targeted antibody acts directly or indirectly to cause or contribute to the
killing of the cells so bound thereby curing the subject. [01871 Al so
provided is a nethod of inhibiting the proliferation of mammalian tunor
cells which conmprises contacting the manmalian tunor cells with a

sufficient concentration of the gl ycoengi neered antibodies of the invention
or an -73- inmmunoconjugate conprising sane so as to inhibit proliferation of
the mammalian tunor cells. [01881 The subject invention further provides
met hods for inhibiting the gromh of human tunor cells, treating a tunmor in
a subject, and treating a proliferative type disease in a subject. These

nmet hods rise %gm i i . b f i nmount of the
conpositﬁ%%ﬁof t he .nggﬁﬁg%ﬁegfﬂﬁ%%i |§&?§&§%§§@gﬁ§f%%§%g¥gﬁg that the
present i nvenrpmprsitent ofrfhas pwentiop [epamdscenoni tha keventypadi coimsan of theonbi nat i ons and
met hods for treati uma arci_nomas. Fo t he i nyention includes
phar maceut i czijl'l S%%S’r%ggg%q&e?tgnmgajﬁ]oﬁ’nﬁ ToPRESE F]o ??%én%rt(g%?ﬁr}gmdg%fmtﬁg n carci nonas
conpri si ng a tehdanpnehyscihn cAdcoydingdy, fllecddsvges afithentorgiositicnsashbaidady of t he
present invention and a £h.rﬂac ut.i cal | acceptabl.e garri ﬁi [ 0190] The
conposi ti ons TR HBn0%; Yﬁg aﬁ’*f'ﬁfnﬁo V%%e Tt i oW ?ﬁ?n‘f’i, ®ei t her
unnodi fi ed, compesihest thioinedtion frapbiib e rége of fdneat@ut 1 tdabtgit 2600Xi N, enzyne or
b age

second anti bod or in a reconbinant form(e.g., chineric antibodies,
fragments of®&H neric antibodies, bispecific antibodies). The conpositions

nmay addi tuils:s(]al Iy Th@ﬁbh&ﬂﬂd@@ibe&ﬂi&ﬁqlﬂéjyeﬁe @ra %ﬁiyhkﬁ&io@@eg&gnst reati Bgd

carci nomas (e..q.,. an_anti bo .cocktail). Q1911 The anti bady, anti body

conj ugate an k&ﬂ’rﬂﬂ‘ﬂ % 'i‘trf"r'cﬂgfﬂ’é‘_éqéit%ﬂigmﬂfmglﬂﬁm F AVRBRET Gy tebletS.he admi ni st er ed
usi ng conventgii glowdBrele SuppbsiRess, Molnietic Mitrodapiled dbr ehicrbetbicRet |imted to,

i ntravenous, jntraperitoneal, oral, intral g@_ﬁg{tﬁl c or_  admnistration

directly int dPesoEes.gadinject PLTSBlg solufigs- PSR SePERdB IR ed.  10192] The
conposi ti ons i mbR&T hMMRIRrhtN @ he BRrdpButR pPUdaidry Of dosage forns which
include, but are not limted to, liquid solutions or suspension, tablets,

pills, Hdders, dhpmedictisrivemodspl isteatipn anpdlogageapai@enfor ficcr ovesi cl es,
| i posones,  ghéleduith SOh&RERnQhvenRldRpRldSusnl i 1bQRsr of theuibfefipr €d form
depends upon the node
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. J., 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
) response, 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 carrier may be a phospholipid. Further,
the lipid carrier may be a fatty acid. Also, the lipid carrier may be a detergent. As
used herein, a detergent is any substance that alters the surface tension of a liquid,

generally lowering it.



of adm nistration and the therapeutic application. [0193] The conpositions
of the invention also preferably include conventional pharnmnaceutically
acceptabl e carriers and adjuvants known in the art such as human serum

al bumi n, ion exchangers, alum na, lecithin, buffer substances such as
phosphat es, glycine, sorbic acid, potassium sorbate, and salts or

el ectrolytes such as protam ne sulfate. -74- [0194] The nost effective node
of adm nistration and dosage regi memysf or the conpositions of this invention
depends upon the severity and course of the disease, the patient's health
and response to treatnment and the judgnent of the treating physician.

Accor di t he dosag ( GRRGS teO e i.ftrated to the
individ g*doz)ati enls. \%%Jrnﬁ%e fgtg%, an ef %Heec@?/rg&gg{léag t%fatnhll]eﬁnglgorrposi tions of
this inventi detengent. Beaniplest dfenonimnigedetsfgehtsancladeo bt dre oot &ifmited t2000 ny/ kg.

[ 0195] The cul es descri herein may. be in,a variety .of dosage forns
whi ch i ncl ugg{)@%%a%argg ﬁ%ﬁo Rﬁcﬁﬂ é%et%e,enl ?%ucfrd o1t lrlf’ém(S’FJ':’I%'HSpensi ons,
tabl ets, pi kdoagol@ma)diijsandhitgm(fir examipds Triton MR 3I9and Tatondapdul es or
m crovesi s, |lijpos S,.a i nject.able or, infusible solutions. The
preferr 33]5413 m de%gﬂﬂag‘%othe é]egqﬁ%en{‘m@ébeﬂl%ﬂeﬁﬁ€é?f’wpi% ®he therapeutic
appl i cati on. ida@lRG}gedtincladss, busf fid tinitedto Mabic Sritk thaldiinbhiginbadni@ and dosage
regi men t he .ecul.es of the present inventjqn depends upon the
Iocatiodﬁgb]the t o Y¥&Fm?%@ﬁfgﬁ? H@ﬂ§§Wé£Fdeﬁﬁﬂgﬁ%ﬂigé of the cancer,
the subject’ siphomk! As agd ih @5PQpEeation, a ipdsdnent adntleshbiand betgdent of the
e D BT et o ey SRS B B BRHED 5 o doncges
for \ani nekes] of vaThedusmpleRfowtsrplamlRCiRti oA thod BeslS ThemBswmp ny/ kg of
surface area is described by Freireich, E. J.,,ﬁt al . Cancer Chenot her.
Rep. 50 (4): PERY2T0M 2pd EEples A ST i frable; those kil biadbpart odBitfren may be nmade
to optinize thedt)whiBiktab®Ald t9HaWMcB tHe phiskit trdveioaN hprbdehiifventi@§ ponse, e. g.,
doses may be _divided and adm nistered on a_daily basis or the dose reduced
proporti onal P?W@’ébéﬁﬂ?tﬂﬁmt?ﬂd‘hs‘ioﬁ"eb%Fﬁetféﬁmwﬁe@é@é@“@%e‘ﬂﬂﬁ #¥Pvi ded doses
may _b? admt R'ixftérﬂ&@tgs_ ﬂﬁbt}a}(ﬁo&[qf&in%ﬁ%ﬁéc&%‘tﬁé/inﬁr&ﬂi% eflydgRenshdd on the
specific erapeutic situation.

P which are fumctionally 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
L. Construction of antibody expression vectors.

Anti-CD20 antibody 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



[0198] It would be clear that the dose of the conposition of the invention
required to achieve cures may be further reduced with schedul e opti m zati on.
[0199] In accordance with the practice of the invention, the pharmaceuti cal
carrier may be a lipid carrier. The lipid carrier may be a phospholi pid.
Further, the lipid carrier may be a fatty acid. Also, the lipid carrier may
be a detergent. As wused herein, a detergent is any substance that alters
the surface tension of a liquid, geperally lowering it. -75- [0200] In one
exanpl e of the invention, the detergent nmay be a nonionic detergent.
Exanpl es of nonionic detergents include, but are not limted to,

pol ysor bat e .(al s S,. n r | yoxyet hyl enesor bi tan

nonool eat e) , ¢ r!’jm,le %ﬁ@gﬁyg?%ﬁb}%ﬁeﬁg%ﬁp & #@f?ﬁoﬁg‘wﬁb‘%ﬁ%ﬁﬁa Triton A-20).
[0201] Al tgr{geﬁel anéltoyx; fdzrlhhgdmheggéhﬁnpgem).yfhlg_a@s|am;mmcde¢1impgeﬁme_ Ant ﬁx?rrpl e of
an ionic detergen nc e ut is no o, alicyltrinethylamoni um
bromi de. [ 03I ERGHE S eratts strforb s (P e e AR Fon . the |1 pi d
carrier maybeo@edshpRhRienylafitn sgedddited o tha pelyhdeajlhtith sighal of fposome” is any

menbr ane bound. . vesi ¢l e which contains any nol ecul es of the invention or
conbi nat i ons "3PHE P 8MB203] The exanpl es bel ow expl ain the invention in

more det@ags) The éﬁNh@%dBQinEﬂa%Qﬁﬁﬂe}]ﬁﬁ\%(@'@ﬁa@&%ﬂﬁ’éi@%glﬁ(ﬂ)%ﬁﬁn to enabl e

those skilled in the art to nore clearly understand and to practice the
present i nvetEiea. of he aplLdR2At antihodyn C2BH were gsgembled fragm oset|9fni ted i n scope

b_y t he exe”plojvéria?ﬂnggﬂ?,%lg-ism&@mﬁéﬁﬁﬁc@éﬁﬁ@és% alofl-8 Eﬂc@@ uéﬂ]é peRrati ons of
single aspects of" the invention only, and nethods which are functionally
equi val ent afBotayashi, N, e4ré. Bletsphmioses 3100 9AY Db The prigiodgequensar i ous
o2t oSy o L 1, A1 AR, el sogoled o i
and acconpamitmiontlantes application nfiatematonel divblicatien i Nurebrted@o fall within
e nscrs Couea A g PO B NG Sl 25 0
expressi on veBluscripEKR(H02 give pBlue-C2B8VH and pBiue-C2B8VL plasmids and

sequenced.

[0206} The variable chains of C2B8 were amplified from the corresponding

pBlue-C2B8VH and pBlue-C2B8VL plasmids using primers that introduce an

Ascl 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 ievkocyte

c¢DNA library (Quickclone, Clontech) using primers that introduce suitable

restriction sites at the 5° and 3° ends (BsiW!I 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 C2B8

heavy chain (pETR1316). In a second step, a neomycin resistance expression

cassette (neomyecin resistance gene derived from Tn5 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



[ 0204] The C2B8 anti-CD20 anti body expression vector, pETR1502, consists of
four independent, separate expression cassettes (one for the C2B8 anti body
light -76- chain, one for the C2B8 anti body heavy chain, one for the
neonyci n resi stance gene and one for the nurine dhfr gene). Al genes are
under control of the pronoter of the nyeloproliferative sarconma virus
(MPSV) and contain a synthetic .consensus pol yadenyl ati on signal derived
fromthe pol yadenyl ation signal ofthas. rabbit (i-globin gene. [0205] CDNAs
encodi ng the variable heavy (VH and variable [ight (VL) chain regions of
the anti-CD20 anti body C2B8 were assenbled froma set of overlapping

singl e-stran i 201 il NaRR: < | PCR

( Kobayashi %ﬁaﬁz’hﬁ%&o&?@%ﬂ?%ﬁ’éggﬂﬁﬁaﬂues %%Q%S%hggeg%%?)a?OH%@ﬂ%rl gi nal
sequence codi theplpamid gBBRISPE. and VH regi ons were obtai ned froma published
international patent application (International Publication Nunber: WO

94/ 11026). Assenbled VL and VH cDNA fragnents were subcloned into

pBl uescri pf f ArisCD20mptibody expsessign veshas@BIR LA pB| ue- C2B8VL pl asni ds and
sequenced. [0206] The variable chains of C2B8 were anplified fromthe
corresp i,hg  pBlue- 8VH. and ue- 8VL. nl asm ds using. primers that
ot roduddote® AR o CRRAA A Reprasan U G ot o
restriction shbegn of replitipt!fi6 ited Epsttin BREvivar (o for dpsof@Nedcrnt regi on (Bsi W
for the light chain and Nhel for the heav haLng. The Ig const ant

regi ons wer e TRARAPR BRASE L ﬁpﬁﬁﬁﬂﬁ%%T pst I Y3 Qui ckcel one,

C ont ech)  USittheR(EBFR)SFdrbatstridtioh OFHEE2 BBk praddlof vect® PPTRESA0OMe Si t es at the 5
and 3' ends g:%%iw and BanHl _for E’:#e const ant 4igk&té_ (ﬁ?%and Nhel and
BamHl for th&4E8FATSHOD Rogwls SomaETRI41nipsereq asra High n of the
corr'ect DNA sf6UEPCeRaininp eiSBPERIALSONOTHE vdciod RETRIMI 6 aindil#hal ns were each
conbi ned with_t he MPSV pronoter_ and . pol yadenylatjon signals. In a first

step, two di PEEREE Witk Jresxesption theldy this plagtuid the neamysingesistaBec 26858 for t he C2BS

l'ight chain Gpdef Bkdbbof ti 1L ARMLAARF the Minitnae MPARGrofi&8yY chain (pETR1316). In
a second step, a neonycin resistance expression cassette (neonycin

resi stance gene derived from TO transposon and put under control of the

m ni mal MPSV pronoter) was introduced into the vector

Anti-fibronectin antibody expression vector pETR1546

—Eh =

22E

[06209] 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 L19, a human antibody

recognizing the ED-B domain of fibronectin. The variable 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) expression vector pURSI28

[0210) This vector is the same as vector pETR1520, except that the variable
heavy and light ché.in 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 human 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



pPETR1315 resulting in the plasm d pETR1481. A dhfr gene expression cassette
under control of the MPSV pronoter was inserted into the vector pETR1316 to
give the plasmd pETRL 328. In a final step, both expression nodul es
(C2B8-1ight -77- chaintneo and C2B8- heavy chai n+dhfr) were conbined in one
vector resulting in the plasmd pETR1502. Anti-CD20 anti body expression
vector pETR1520 [0208] pETR1520 conbi nes a C2B8 anti-CD20 anti body
expression vectorwith an origin of .pgplication fromthe Epstein Barr virus
(oriP) for episomal vector replication and nmaintanance in cells producing
the Epstein Barr virus nuclear antigen (EBNA). For construction of the C2B8

expressi on vegkighs ofpcﬁél_?%%éﬁaﬁb&ﬂﬁ(ls%ﬁﬁgs B LRRILR, a{%ﬂﬁ&ﬁd %o?t@ﬁ'? PETR1416 was

inserted as a HnDIl fragment to oriP-contalning vect pETR1507. The
vect or pETR14psliqaorivith intenational prbictignpumier WQ $£403%¢ Ejgsilémd Hat in this

plasmd the r}fm[%ﬁ i .St Eg%g@ ! ol of the full, instead
of the m nimal, Aé t%ﬁgjﬁ%@?&qﬂn |-fE|ln§bir11 negﬁhﬁga %c:hg% y expression vector
pPEETRI 546 [0209] This vector is the sane as vector pETR1520, except that the

variabl e heavy and | i ghsrahiahor GRANEsELA RS0 eciope C2B8 ant i - 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

vari abl e regi sETRANES OV dethr EMAonstitubige®pi-ssices syt hesi zed by overl ap

extensi on PCR net hod using synthetic oligonucleotides based on the sequence
of the variable regions of the L19 antibody (Pini, A et al. J. Biol.

Chen: . 2TB1BY) : 21 Feeonancli@d&)the Griill iexEeician aedoripEdR 1 (662@6¢GnHKpr essi on vect or

pURSI 28 [0210] . Thi s.vector | as,Mect 0. _except that the
vari zbl e heaJ\f%/s aglﬁlc?]ﬁ?l g%?g%%gﬁgggg?‘%r%g%ng%c%ﬁ% %gn ANt i - CD20
ant i body hav ec-hngeppitopefpk seesldidimniediatehapetctinwéthe stop cvgorr eftfiegae of t he

anti body C225, a chineric . ni zi ng.t hunma idermal growth
factor recept %’Fnofﬁlg S%‘F‘Fﬁb@‘*ﬁ%@%’%@%ﬁ%ﬁ il 6%53[&%*8?%)6 r'orgﬁ{legﬁ:(/j\er e
synt hesi zed by Westerh Blote AftertenfirmafRERf theethent sagsenogofGnTIl dieigene
ol i gonucl eoti des _based on t of the variabl.e -78: regions of the
228 ant 1 bocy ™ EoRREn e setotsd TR pivmets) e F Siigtc bEipers

globin polyadenylation signal was added. The final GnTIII expression vector also

contained a separate puromycin resistance cassette for selection, with the

puromycin resistance gene also under the conirol of the MPSV promoter and

synthetic rabbit beta-globin polyadenylation signal.

pETR1425: Replacement of the first 76 amino acids of GnTII by the first 102
amino acids of the human GnTIL.

[0212] The construction of this hybrid glycosyltransferase gene was performed
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 GonTII 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 vsed as templates in a third PCR reaction (primers GAB-179 and
GAB-178). The resuiting fragment was purified and digested with AscI and



application with international publication nunber WO 96/ 40210, Figs. 16 and
17 of that patent application for the heavy and |ight chains,
respectively). 2. Construction of G1TIII-fusion expression vectors
PETR1166. Vector for constitutive expression of GTIII [0211] For
construction of the G1TlIIl expression vector pETRI 166, rat GiTlIIl was
anplified froma rat kidney cDNA library (Contech) by PCR A Ctermnal
c-nmyc-epitope tag was added i mmedi afgel y upstream of the stop codon ofthe
gene (am no acid sequence: PEQKLISEEDL) for |ater, convenient detection of
GhTlIIl by Western Blots. After confirmation of the correct sequence of
GhTI T the gene, i ; tr t he V propoter and a
synt hetic rgﬁ':fgttosé%t% ét&éﬁgrg?ﬁ“lggfi%%g%%@ @?P@ﬁ“ﬁw@&?&a’%}gﬁd. The fi nal
GnTl I expr BSR4y Afterothe abgencecdnbeaineidha wep asrdineed theViPEV N r esi st ance

cassette for _selection, W h ci,n r.esj.st.ance e.al so under the
control of ngoﬁfﬁg{?nﬁ?l q&%\ﬁ?‘i&d;@T@%{)%yé‘?hédr(’éﬁ;tdlgﬁ&%?%l n -
pol yadeny| atfiagiiers iygiiadg in pleTiidsddd pE iR 3 CEHFESphI /BstX MRagnichtfor6 anmi no aci ds of

GnTIll by the first 102 amno acids of the human GhTl. [Q212] The
constructi oﬁﬁ-@?‘h@i?%VSW%%@V&B@W%&&H%‘W&%%S@EWLB@H ormed by

subsequent  @ypRictPIRPIhE Borfishdnig FHabMa of PRTIOIG3 FRAMehE Bthe blBgnig8t em r egi on of
human GnTl was anplified us%ﬁﬁﬁ riir)rers GAB- 179gand f(-;’E»A\B- 180. During this

e :
PCR react i oREERKE? fen@Bgethe -@w&ﬁ%é@%@%cml of tetMPRYi on site were
al so i ntr odyggehtértind NPremy@NfbsisthitR chRstd thi REcEER fragment has a 23 bp
overlap with GTIII starting at position 229. In a second PCR reaction, the
GnT1lll region fromposition 229 to 380 was anplified with the priners
GAB) 177 and pehRr sed@ncgenerating a PCR fragment with a unique BstXl site at
the/3 end and an 22 bp overlap with the GhTlI stemregion at the 5 end.
Both PCR fragnents were purified and used as tenplates in a third PCR
reaction (pigaBei sy CARGrEScaPteTdRBrlé8ecditerdcatthbttofdrRgaent was purified
and digested with Ascl and -79- |ligated to the vector pETR1001(cut w th Ascl
and Smal) r&38ri7hy PRACHITETEH@ ICHEFRIATA. After the sequence of the
insert has baen;senfisdiRacEREcMIM cRIeFPEScRlRARPETH S R‘ded to pETR1404
as an Ascl (partial digestion) / Pnel fragnent yielding in the plasmd
pPETR1423. TIK&BSpBP:/ Bst Xl fragment from

GGGGACAGTAGCTECGAGCAGGGGCGCEGGEETCACAGGCACACGCEGT

pETR1506: Replacement of the 76 N-terminal amino acids of GnTTI by the first
100 amino acids of human mannosidase II

[0213] The construction of pETR1506 was performed analogously to the
) construction of pETR14235. The stem region of the human mannosidase Il gene
was amplified with the primers GAB-252 and GAB-253 using the vector pBlue-

man as a ternplate. During this PCR a Fsel site and a Kozak consensus sequence

were introduced at the 5” end. The resulting PCR fragment overlaps the GnTII

gene starting at position 229 by 23 bp. In a second PCR reaction a part of the
GnTI 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 pETR1484. After the correct sequence of the insert has



PETRI 166, an expression vector carrying the original rat G1TlII| gene, was
then replaced by the correspondi ng fragnent of pETR1423 resulting in the
pl asm d pETR1425 containing the GhTl-GnhTf fusion under control of the MPSV
pronoter and a puronycin resistance cassette for selection. Priner
sequences: GAB-177: GCGTGIGCCTGIGA GCTCCAGCCACTGICCCC  GAB- 178:
GAAGGTTTCTCCAGCATCCTGGTACC GAB- 179:
CTGAGGCGCGCCGCCACCATGCTGAAGAAGCAGTCTGCAGEEC  GAB- 180:

GGGGACAGT GECT GGAGCAGGEECGECEEEEGT CACASCACACGCGEEC  pETRI 506:  Repl acenent  of
the 76 N-term nal am no acids of GTrll by the first 100 am no acids of
human mannosi dase Il1. 102131 The constructi on of pETRL506 was perforned

anal ogously to the_ caonstruction.of pETRI425. T temreqi of the human
mannosi dase f’f%@ﬁ@m‘%én}? céiﬁ‘BIefef ‘&nﬁﬁ%?ﬁ’a‘i ‘F?é‘Stf}P_feHgVigéﬂ%ﬁ?%l?g]gnd GAB- 253

using the vemt@rfrapfbitef pETR1486wih the SR A8 LnHIRHgmest fob E1RIRs@nsel site and a
Kozak consensus sequence were_introduced at the 5 end. The resulting PCR

fragment overth&pectar PETBAYL 7| (Fsel  RamHly  Theygsultinggdesmid @ETRIGOQy 23 bp. In a
second PCR 1 &3fihinedthd hHAlmRiT-GRAT JReI(SED 1929616 PQREL dofflolof B1e#60) was
anplified with the priners GAB-254 and GAB-255." This PCR reaction generated
a fragment cAAPRY piomgtes Fapselpstionafithepiasmid nmanrealisn pells givdweswycinl gene at the
5' end and a U@ casieHt js ' ] were purified
and used as trgér;%%giges |%1W§1{1%P€&das tFa> cIv%a?ﬁg?ﬁgm%%ﬁr?‘%ér@ﬁ@%%%Z and GAB- 255.
The resul ti npldsmidpRIRISMas i nserted into plCl9H giving the vector pETR1484.
After the correct sequence of the insert has -80- been confirnmed the
conpl ete fusion gene was constructed by ligating the Fsel / Stul fragnent
of pPETR1484 \frinkersdyger@el / BanHl fragnent from pETR1166 in the vector
pETR12177 (F _/25??;1”1'")- The resulting plasm d (PETR1500) contained the
hybrid manl | - I'TI "gene (SEQ ID NO 14) Linder control of the MPSV
pronot er. ForGERAGECCHHPCHICACKHE TRABGTH AAGCACAERFETQAUTGEETTEGE pur onyci n,
resi stance ca&%%s«éwas inserted as a Spel fragnent fronpETR1166, yi el ding
the plasmd p 06.

GGGGACACTGEGCTGEAGCAGGGGTCAGCCAGCACCTTGEGCTGAAATTGCTTTGTG

AACTTTTCGG

GAB-254:
TCCGAAAAGTTCACAAAGCAATTTCAGCCAAGGTGCTGGCTCACCCCTGCT
CCAGCCACTGTCCCC

GAB-255: ATGCCGCATAGGCCTCCGAGCAGGACCCC

pETR1519: Combination of the hybrid manll-GnTIIl 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 inserted 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 manll-GnTTI expression cassette from pETR1510 was inserted into
pETR1507 digested with the same restriction endonucleases giving the plasmid
pETR1519.



Primer sequences: GAB-252:

GCTAGGCCGGECCGCCACCATGAAGT TAAGCCGCCAGITCACCGTGITCGG  GAB- 253:

GCGGACAGT GGCTGGAGCAGGEGT GAGCCAGCACCTTGECTGAAATTGCTTTGTIG - AACTTTTCGG GAB- 254:
TCCGAAAAGT TCACAAAGCAATTTCAGCCAAGGTGCTGGECTCACCCCTGCT  CCAGCCACTGTICCCC

GAB- 255: ATGCCGCATAGGCCTCCGAGCAGGACCCC pETR1519: Conbi nation of the hybrid
manl | -GnTI Il fusion gene with the replication origin oriP fromEpstein Barr
virus. [02141 Using the priners GA 61 and GAB-262 a 2 kb fragment
containing oriP was anplified fromfthe plasm d pCEP4 (lInvitrogen). During
this PCR reaction at both ends of the fragnent Sspl and EcoRl sites were

i ntroduced. For sequencing, the oriP fragnent was inserted into the vector
pl C19H. Af t ePrIEFeqUeRter-ect sequence has been confirmed ori P was inserted as
a Sspl fragngs- idﬂ(3GC&H&AT&%%GA&T@@E@%H%%%G&@Tﬂﬁé@é%&d@c&BAﬁﬁéﬁy and 5’

overlapping ends filled in wusing |I{l enow pol ynerase). The resultingplasmd
was desi gnat eB pSER1 FHECARTATSGARTT COFAHCPRABACEACRVIJAGCERPAREE| on cassette
from pETR151g,M@s inserted into pETR1507 digested with the sane restriction
endonucl eases giving the plasm d pETR1519. -81- Priner sequences: GAB-261:
GCCTAAATATTGAATTCCCTTTATGTGT AACT CTTGECTGAAGC (GAB- 262:
TAGCAATATT MG AR EINIAAAAATTIT flefifeGend¥ad Riirbdied Conbi nati on of
t he hybrid n@theﬁiﬁa&m&ggg@ﬁb gene and a truncated CD4 cell-surface marker
gene [0215] The pETR1506expressi on vector was nodified for additional

expr ess of a ru cell -surface Briefly, the hybrid
it R B A B T TR T A
nonoci st roni 6f :itﬁmaated CD4 cell-surface marker gene. Briefly, the hybrid manll-GnTII

y fusion gene expression cassette was converted from a monocistronic to a

bicistronic expression cassette by inserting, downstream of the stop codon of the
manlJ-GnTTH fusion, a polio virus IRES element followed by a cDNA encoding
- atruncated human CD4 protein (comprising the human CD4 leader sequence for

secretion followed by the transmembrane and extracellular domains).

3. Transfection of mammalian cells with GnTII-fusion- and
antibody-expression vectors

Transfection of BHK cells

[0216] Exponentially growing cells (viability 90-95 %) were seeded in the
appropriate mumber of T75 flasks at a concentration of 0.9 x 10° celis/ml 24 h

) prior to electroporation. As culture medium, Invitrus (Celt Culture Technologies,
Switzerland) supplemented with 10 % fetal calf serum (FCS) was used. Cells

were counted prior to electroporation. 8 x 10° cells were harvested by
centrifugation (5 min, 200 x g} and the supernatant was discarded. The cells were
resuspended in 800 pl Invittus 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 IT (BioRad) with the following conditions: 400 V, 960 pF

with two pulses in a 30 sec interval. After the electroporation the cells were
immediately transferred into a T25 flask containing 5 ml of outgrow medium
(Invitrus / 20 % (V/V) FCS / 1.25 % (V/V) DMSO) and were incubated at 37°C




bi ci stronic expression cassette by inserting, downstream of the stop codon
of the manll-GhTIR fusion, a polio virus MS elenent foll owed by a cDNA
encoding a truncated human CD4 protein (conprising the human CD4 | eader
sequence for secretion followed by the transnenbrane and extracel | ul ar
domains). 3. Transfection of mammalian cells with GaTM fusi on- and

ant i body- expression vectors Transfection of BIdK cells [02161 Exponentially
growing cells (viability 90-95 % weye seeded in the appropriate nunber of
T75 flasks at a concentration of 0.9 x 106 cells/m 24 h prior to

el ectroporation. As culture nmedium Invitrus (Cell Culture Technol ogies,
Svmtzerland) sy I t. %-f et er F was used. CeIIs
were counte prlggr c%gh}%ro%él%% |oIIr§E du%ﬁ%ﬁ ?dlf/i\ie%l] Rar vest ed by
centrifugat |gbycoéﬂ'gnmmd) ﬂﬂﬁod(esg)headsﬁllstv#m auqmcteatcmm vmmswdbmiyar ded. The cells
were resuspended in 800 m and we .%r%ns erred to a
sterile el CCPEHRSEPPEHE MTP %1 SPPERFT ‘H’{? gor Hning 8 g

circul i’:lr pl aﬁmukreia%nd amdedmlumee tpﬁdmidﬂ{onEfdi‘hxm( baﬂy%xj@ﬁﬁsuﬁrﬁtﬁﬁﬂfealtulrle The cells
wer e el ectroporaf.e a CGene Bi o wi t e follow ng
condi tions: @E@‘sﬂ#ﬂgmqﬂnﬁ%\gﬁﬁp&%)ﬁxge%‘ﬁ%ér@ﬂE’g lal . After the

el ect roporatrb@ect;vag cells were imediately transferred into a T25 fl ask
containing 5 m. of outgrow nedium (lnvitrus / 20 % (V/V) FCS/ 1.25 % (V/V)
DMSO) and were incubated at 37C -82- in a 5%CO2- at nosphere i ncubator. For
producti on dfransfesrish SOHRK20-EBNANdelicoengi neered) anti bodi es, the cells were
transfected only with anti body expression vectors. For the production of

t he gl ycoengi neered anti bodies, the cells were co-transfected with two

pl asmi di218ne f oExpoventialiy growsipg HEERHHEBNG tclie werst thaasfeded byidieon GnTl | |

pol ypepti de E& Ihﬁ @@ i respectively.
Transfecti on&g E%@&d eéﬂ | &2% géx po%g%l{)goé%‘%ﬂrmg\smmng HEK293- EBNA
cells were tTﬂwksmgdlMBMmmewéiumwlpmw@mtel%F@&md%M S were grown as
adher ent rmgg gf%g | fﬂg IDygth medi um
suppl enented 'w ﬁédl‘@%nb%%%mb v%?éd lr%ﬁ"s?ec ﬁ%f/t%\?/er e between 50
and 80% confdfiadii fladkep8 milliven celoms seetied 4 hours before transfection in 14 m]

DMEM cuiture medivum 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 ul
of a 1M CaCl, solution, and adding water to a firal volume of 469 pl. To this
solution, 469 ul of 2 50mM HEPES, 280 mM NaCl, 1.5 mM NapHPO, 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 giycoengineered
antibodies, the cells were co-transfected with two plasmids, one for antibody
expression and the other of fusion GnTIN 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,



of a T75 flask, 8 mlIlion cells were seeded 24 hours before transfection in
14 m  DMEM cul ture nmedi um suppl enented with FCS (at 10% V N final), 250
g/m  neomycin, and cells were placed at 37C in an incubator with a 5% CO2
at nosphere overnight. For each T75 flask to be transfected, a solution of
DNA, CaCl2 and water was prepared by mxing 47 g total pl asmd vect or DNA,
235 1 of a IMCad 2 solution, and adding water to a final volunme of 469 W
To this solution, 469 Nl of a 50mMMHEPES, 280 nMWNaCl, 1.5 mWMNa217O4sol ution
at pH 7.05 was added m xed i mredi ately for 10 sec and left to stand at
room tenperature for 20 sec. The suspension was diluted with 12 m of DVEM
suppl ement ed i t . 296. FCS e existing

medi um The %' : ' 5% to 20 hours,

t hen medi um #R&S=FEpl aced vvlth 12 i | DVEM 10% FCS For production of
unnodi fi ed (non-gl ycoengi neered) antibodies, the cells were transfected only
with antlDH8lly expBBEsielln (BHERbi13¢c) Were ttamefeqetcd)diuoildctmpmm;lhwit@l ycoengi neer ed

anti body e B ERER CoRERES PRBRIT S48 WhlehcriBiod o SBBinac” e pr cssi on

at a rati o ofesistindg, genesqxpxesmoneb@sctté\t Neomybinpestarit r(ﬂxme& ectd @irst super nat ant

was harvested trif.u ed f t d,by a second
centrifugati Bﬂeﬁtﬁfﬁp gptaip;a,s Af&ﬂ?ﬁs %%ﬁﬁ %{? dp“g;tu 4‘6‘! %‘% e eneration of a
st abl e rrammbE’@RliD&MectdmmEQImﬁlmctrélgleﬁscEr&medrﬁirEeaﬁthblaﬂitlanmaﬁ ant i body
[0218] BHK cell.s @ﬁﬁ were_tr cted b | ectroporgtion with
DETRIS05 CopgraRtPBONGE BEisA Rth Beth.of Poympest Seegmesrire: B4Eomyci -

resi stance geﬂﬁm@mﬁmmm@lﬁa@ﬁ@naﬂﬁmﬁégm ﬂ@éi'm&{edlhﬁrc&hﬂﬂgfs were first
selected to gbtain a set_of gnes tnat had c¢hrqnosonal | tegrated the

pETR1502 vectBPreHsRi o 8#1@5’? fle coutioh cleetroparilien fione Ytk & ht anti body

producti on Ugkpiessidn v&kdr@%uaﬁaamlméﬁ mwms s&léchb@hh&ﬁmﬂ@&ﬁtatﬁin@@@ roporation,
viable cells were counted and the transf ecﬂﬁﬁ }a{ﬂ fici enc% was determ ned by
ﬂ) 5

counting fl ubFe3wddimedelqf seqgpycip. Yspally pight 96 wgreseededpEP ati on done with

a pEYFP- expa&&%neébnuaﬁ&mnsoﬁﬁwlé m&tﬁlckw(@ﬂwmkw énﬁq%c @@l ection nmedi um
containing 10 % FCS and 1 of neonyci n.  Usual | ht 96-wel | pl ates
were seeded welistper well) and mcubated at 37°C until clones could be iden: ﬁed nce 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. ARter 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 celi clone (BHK-1502-28) was isolated that produced
13 pg/ml 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, conpstitutively expressing anti-CD20
monoclonal antibody genes and the neomycin resistance gene, was transfected
with the pETR 1537 expression vector by electroporation. pETR1537 is a vector
for constitutive expression of the ManII-GptIll gene and a truncated 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



di fferent concentrations of viable, transfected cells (1 x 103, 5 x 102 and
1 x 102 cells per well) and incubated at 37C until clones could be
identified. Once the clones had grown to al nost confluent, the supernatants
were anal ysed 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 growh in T25 flasks, the final antibody
titer was determ ned using an ELI SM4-assay. Using this el ectroporation and
sel ection procedure a C2B8 anti-CD20 anti body-expressing BHK cell clone
(BHK- 1502-28) was isolated that produced 13 g/m of antibody under the

above cul t UenGRAAITH4 QUD4), GRANGIseivePik Dinatkes f RkFredfRATRel aNtheel | | ne
expressing a,reconmbi nant anti-CD20 antibody and a GnTl I -fusion 102191 The

cl one BHK- 1hissstropic MagHLn T {04 Spne supresdien pRjt: dhecpmbingny aoaddcl onal ant i body

genes and tliaﬁodﬂaﬁywhﬁsa@&é&me&@a%ﬂﬁem%gahmm%aﬁd with the pETRI 537
expressi on vect og _%hel ectroporation. pETRIB37 is a vector for constitutive
TG

expr essi0&lof th PETRISBHIveqgerriaNa s dinearigerowitie dombr Mcontrolhunan CD4, the
| ater | RES- dapendsh ik Qxﬁwse‘igressyﬁev it Rhs 3 Bm%ﬁ’%i""]%a??lggi stant ¢l ones

puronyci n-resi stance gene expression cassette. Puronyci
were first Tewisfctiandeffioiendyt wamn detersdnedodfier | ¥nbours it cotatihec bellsnosonal |y

integrated t 5531,5 V. . ed for surface
expressi on o PSE?%-E ruﬁb&gﬁt@tﬁf%&@%ﬁ%?ﬁ%%&?ﬁ%@g@.?%r ker for

expr ﬁ;Si on Ivabdity ofas tdf 1% @rstdaanf%f@r NeandfectiGn Tédlls %fa@tjdctgbméthexpr?ssidon unit.
Reconbi nant I ti ec: ) verified using
an ELI SA asg%?h‘lf%%&i‘?ﬁf?@%s%/r?ﬁlg%lﬁ%%ﬁ@&f%ﬁ@&Rﬁé\)\%@d Wgari zed with
Xmml,. A contdilgtions andasesdeddt Powelliptates ain EYiER! elpnesSl.2ml ofeelbdionnas perforned in
paral lel. Transfection effigci.ency was determnped after 24 hours by counting
cells expr é%‘??f“ﬁb&%‘%‘?ﬁ" g{;éébg’&? éfﬁ%%lé’ﬁog{yc%sg/glgpfrﬁé‘ﬁm@é% éloﬂﬁgr e expressing
EYFP. Cel | vwredbibletafierwas watksOMidy widntexgaded hddaserebficdiiof @kate, cells

transfected Wt ETR1537 oy pEYFP were serially diluted at 1:100, 1:500,
1: 1000 and é%@gmra%%ﬁgé@%gc’ cEBE ™™ 96-wel | plates, in a final vol ume

of 0.2nfnpf] sel epbdtRdberetiAl $MTIHA %&ﬁiWLev&Q%ﬁ%ataﬁsmm cdidr onycin, 1 ng/n
neonycin). Clones were visible after two weeks. They were expanded and
scr eened f orwer ?‘ﬁﬁbﬁ*\@élFACS buffer and incubated with 5 pl of FITC anti-human CD4

(Becton Dickinson, Switzerland) for 20 min on ice. After two washes cells were

resuspended in 0.5 m] 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 2

final titer of 17 pg/ml, as determined by ELISA.

4, Production and purification of unmodified and glycoengineered
anfibodies

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 GnTHI-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-



CD4 (tCD4) expression and anti body expression. [0221] For the screening of

t CD4 expression | evel, approximtely 500,000 cells were washed with FACS
buffer and incubated with 51 of FITC anti-hunman CD4 (Becton D ckinson,
Switzerland) for 20 min on ice. After two washes cells were resuspended in
0.5 m FACS buffer and analyzed with a FACS (Figure 17A-B). A clone with a
good expression |evel of tCD4 was isolated (BHK-1502-28-11). After 5 days
of growth in a T25 flask, it produged about anti-CD20 anti body at a final
titer of 17 pg/m, as determ ned by ELISA. 4. Production and purification of
unnodi fied and gl ycoengi neered antibodi es Harvesting of culture nedium
[0222] 1 1t iiof 38edibn BEMOC Bld o ARARE YGE xhdcb 89 Y] Lipgy expr essi on
vector or co-transfected with an antibody expression vector plus a

GnTl H- f usi omediur ppresdnaely & beusy postmmsiectiongnéthe lagsemedivamas thes har vest ed after
culturing t : r ection. Depending on

t he expect e%?veg%%%%%ﬁ%?g}h%ggbsz?%ﬁcgl?sﬁfgﬁ%%@%r{il:ngﬁ%g( 10-15) were done for

t he sar@2dkct or .Fof theadile BAKt1502-284 bcdiflinkiBKBDSe EBNAcded bl 300,00ansf ect ed with an

anti body expression vect or, coxtransfected w.th,an ression vector plus
a GhTIH - 859&?f5§ F’bdgsu%?%apglgéﬁ??w@@%‘frof&y? ?ligcugﬁff‘”mmﬁﬁﬁli?éﬁsﬁv‘és repl aced by
fresh cul t uwss 1.TmetdCurinbhmplaml auttied oell VRbitiustSoM0St - t ransf ection and the |ater
medi um was then harvested after culturing the transfected cells for a

further 120 hours. [0224] For the stable BHK-1502-28-11 cell line, a culture
was seeded Antidppatigatianel | s/ml and supernatant harvested after 4 days of

culture when the cell density was 1.7 x 106 viable cells/m and the cell

viability of 69% Antibody purification [0225] Monocl onal anti body was
pur fi d€E2Ft om cd¥iengrlanal apthody vanpurfied diym qiburesupmRatigt #Mg fFD mat ogr aphi ¢

steps. The §dyi@tialSiRRnAORSI SepOf THE Gr&tl Repcorsbiean® PREAPNY USing a _
pH gradient elution that effectively separates bovine and human 1gGs. This
was f ol | owetfirpfatograky nops antt-aadise chitippheicHetisplnspagicebpving andx change t he

sanpl e Duf f RimdnQg @ LR s oIl B & Btk indo BiBinatcrapflclsigncohar 1 de
i
Y .exchange the sample buffer o phosphate buffered saline (PBS).

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

) either prepared directly for MALDY/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 PYDF (Immobilon P, Millipore,
Bedford, Massachusetts) membrane were wetted with 100 ul 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 thres times with 300 ul of water. The wells were then



[0226] A igosaccharides were enzymatically released fromthe antibodi es by
PNGaseF di gestion, with the antibodies being either imovbilized on a PVDF
menbrane or in solution. [0227] The resulting digest solution containing the
rel eased oligosaccharides either prepared directly for MALDI | TOP- M5,

anal ysis or was further digested wth EndoH gl ycosidase prior to sanple
preparation for MALDI /TOF-Ms analysis. digosaccharide rel ease nethod for
PVDF nenbrane-i mobi lized anti bodi esgs.[ 0228] The wells of a 96-well plate
made with a PVDF (Imobilon P, MIIlipore, Bedford, Massachusetts) nenbrane
were wetted with 100 | nethanol and the 1iquid was drawn through the PVDF

?ﬁ/lmljlrfiggrg?i %g?jt} %H%ssacﬁus%ﬁ%?ﬁe%w ggﬁﬁ/‘grane re]c %ghed t hree

times wth 3BRivweewB0-Y@peamtibddyewasddaldsd mm&lltchamnmgase RGHadffa. th 50 | RCM
buffer (8M Urea, 360 Tris, ,3.2 A, 8. Bet ween 30-40 g anti body
was | oaded iﬁ%&h%‘ﬂ“%&#&aﬁ#ﬁﬁn%q%%% Y PPIFREVIPELAdi n the wel | was
drawn throug&éﬁ&m@%bﬁqu@wwﬂw W6 Wit 5090 RV e Ml ane was
subsequently washed twice with 50 1 RCM buffer. The reduction of disulfide

bri dges was peiustanmidlitifida daidgssoresarerfogogd tyf additiomof §0tHA o6t t ol in RCM and
i ncubati on am%7 mtgglﬁkdﬂ,{ m{dogcug%uopgu.pwfnrgl }%.eductl on, a vacuum was applied
i otnr rom

to renove the el i On he well. The wells were washed
three tifo229]wi th Bﬂﬁwhng\mtuemn bedcanm wae afptiediongndvedhcchithinthesirabt hyl ati on of t he

cysteine resi ues 0 1 i odoacet i idin RCM buffer
and incubati § “‘3&“ véeﬁ?pﬁcd?’?ﬂsewqrﬁwai%ﬁémﬁrtﬂnqs%&ﬁ r'rﬁﬁ'ate[0230] Af ter
car boxymet hy lhafoteQRrfortdifs thdat tox WREtBYISHA WL fshind g iduesbaadhiticnspsequent | y
vvash}ed three tines vvlth 300({&1% wat er. The PVDF nenbrane was then bl ocked,

to prevent adfsthiVanlopretiorsidinBEY Yuffsandancabation alroQuiSHPFHTEIN0 | of a 1%
aqueous sol utgoRaokPsd ¥ Nyl pyrrolidone 360 at roomtenperature for 1 hour.
The bl ocki ng reagent was then renoved by gentle vacuum followed by three
washes W0EHI300 44figiaeaioxypehgatjonNthe wrltsdWerei Gjovmadthardcass aidr e rel eased by

addi tion of %ubréedﬁejnt%%sh%ﬁree times with 300 ul water, The PVDF membrane was

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 pl 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 pl in 20mM NaHCQ,, 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 assi ent of hvbrid bisected oligosaccharide structures to I/TOF-MS

neutral oligosaccharide peaks



N- gl ycosydase F (reconbi nat N-d ycanase, GLYKO Novato, CA) and 0.1 nU

Si al i dase (GALYKO, Novato, CA), to renpve any potential charged

nonosacchari de residues, in a final volune of 25 1 in 20mM NaHCO3, pH7.0).

Di gestion was perfornmed for 3 hours at 37C. digosaccharide rel ease nethod
for antibodies in solution [0232] Between 40 and 50 g of anti body were m xed
wth 2.5 nlJ of PNGaseF (dyko, US A) in2 mMTris, pH7.0 in a final vol une
of 25 mcroliters, and the m x wasgj.ncubated for 3 hours at 37C. Use of
Endogl ycosi dase H di sestion of PNGaseF-rel eased ol i gosaccharides for the
assignment of hybrid bisected oligosaccharide structures to MALDI/ TOF- M5
neut r al {2B3j90s ac aiapNdesePRMaSed ol asa&cﬁ%?d%lw&@@ub%&@aﬁ] i E@éd%ﬂ&ed

ol i gosaccharl des were subsequent gested wth Endog gcom dase H (EC

3.2.1.96). HndoglheospasedHES b%é@ﬁbéormsﬁn@%ﬁlgaﬁa@mn( BrdoHswi t zer | and)
wer e added t e e B od above) to
give a fi nal(g{)& u%‘e?m?mg“%e%r%g%dit%ﬁli gF %nﬁ%ﬁrinsl ncd?bat ed for

hours at 37CnetEudaigve) wagivs 2 Hmplvecdwme hémlrxmgmhtpthbmi:tksamn@as resi dues of t he
o1 gommnnosd AL MPLE B ST o A o B S ST B pe.

ol i gosaccharresdéss af the mmtodeemé yﬂﬁdmk&mﬁgb&cﬂraﬁ@esr Bkd @nyheotanVALDI / TOF- M5

[ 0234] The e ests gont e released ol sacchari des were

i ncubat ed foﬁyﬁiﬁ@@ﬁ@cﬁe n?°8§’r¥$ﬂ$8’8?g é’gjﬁfef’?‘ﬁ)ﬁ’pgefg‘ etic acid to a
final concestighgtitand@farekbbhyiMiyaad were subsequent| ypassed through 0.6 n
of cation exchange resin (AGOWX8 resin, hydrogen form 100-200 nesh,

Bi oRad, Switzerland) packed into a mcro-bio-spin chromatography colum

(B qRad Barpda Preparition for MARIETIMSons and proteins, One microliter of the
resulting sanple was applied to a stainless steel target plate, and m xed
on the plate with 1 gl of sDHB matrix. sDHB matri x was prepared by

di ssol viH§4 ny die 2ngymalic Higgsto cqppinng the ralensgd sligrsacsharidsgy were

5- met hoxysal jngibhic 3G frthed 3% fHro@h aﬁ&ttﬁ@mamohfbf%étﬁqaawﬁ gagdi um chl oride
1:1 (v/v). The sanples were air dried, 0.2 et hanol was applied, and the

sanpl es wer @mcmuwxﬁlﬁmm@emww»wéthmgho 6 m of cation
exchange resin (AGS0W-X§ resin, hydrogen form, 100-200 mesh, BioRad,

Switzerland) packed into 2 micro-bio-spin chromatography column (BioRad,

—

D":

Switzerland) to remove cations and proteins. One microliter of the resulting
sample was applied to a stainless steel target plate, and mixed on the plate with 1
ul 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 pl ethanol was applied, and the samples were finally allowed to re-crystallize

under ait.

MALDI/TOF-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 aud 80 us 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.



under air. MALDI I TO~-Ms [0235] The MALDI - TOF nmass spectroneter used to
acquire the mass spectra was a Voyager Elite (Perspective Biosystens). The
i nstrument was operated in the linear configuration, with an accel eration
of 20kV and 80 ns delay. External calibration using oligosaccharide
standards was used for mass assignnent of the ions. The spectra from 200

| aser shots were summed to obtain the final spectrum -88- 6. PBMC
Preparation [0236] Peripheral bl ood.ggpnonuclear cells (PBMC) were prepared
using Histopaque-1077 (Sigma D agnostics Inc., St. Louis, M63178 USA) and
followi ng essentially the manufacturers instructions. In brief, venous bl ood
was taken wi th heparpgiieslesyditoRdes fromvolunteers who were asked to run
for I mnute at full power in order to increase the percentage of natural
kKiller %%I NK |n th? bl ood. The blood was diluted 1:0.75-1.3 with PBS
not cont%3§ ng W%moav@ﬁlé%r gris HEBMS g atiers- Progared usipg gr adi ent was
centrifuged ﬁismﬂ,%eno@ (Sfxgﬁa:l"ﬁa%bﬂm@tlncrOQWLBQMDGBWSGUS hngM t hout Dbreaks.
The interphase containi ng BMC was col | ected and ed with PBS (50 m
per cells fr&¥owing essenptighy dia mapufaeerersapstradions Ipjrict vigpqusplogd™aon at 300 x g
for 10 m nut gRedlialeparfifcAloyrif @5 UMM Ofhol Ao BRleh & nitichfy PBS, the PBIC
were counted and was Second tine by centrifugation at 200 x g for 10
m nut es at RWinukna fidkpaver weerder tp nsreagecthe pereenthed of patwiabkilpnmeipri at e nedi um
for the subsg@gﬁﬂﬁwm&,@ﬁﬁmﬁédwzmﬂ}ﬂédP@'vk 1SR ESH (R Eliman NK cel |'s
were isolate rom PBMC a negative selection rocedure usi ng
magneti c beaqtsMamdlwewdpnghst@am -1087. ﬁndl‘ammemtmfm@i&téﬂmsg ( MACS system

LLE%‘ R R A S e T TS
resuspended the EEMG/vas @ellldcmdped weshedf with RB3 (50 ol peecdls fR@Stwnd MACS buf f er
"0 | par ot of oy B YRR I BBRERE NI B0S T Then 201
Hapt en- ant i bosyspeisiontof gre H@HctvStI@PrBﬂ;lth@HBM@ were weuntedaadedashdhe cel s were

I ncubated f Ogecgﬁg)d 691&%; c%ﬁtnﬂgaﬂc% Wzbblx gefg ﬂ)tmldnué\sMatrﬁT nﬂm%ﬂ »@e?e tube. After

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 cell§ per 80
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



two washes with MACS buffer in at least 10 x the |labelling volunme, the cells
were resuspended in MACS buffer containing 10% FCS at 10 mllion cells per
80 | and 20 1 anti-hapten-nm crobeads per 10 million cells were added. The
tube was incubated for 15 minutes 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 pl MACS buffer and | oaded onto a LS MACS col um
which was placed in a MN -MCS magget and equilibrated with 3 ml MACS
buffer. The colum was washed with 3 x 3 ml MACS buffer. The cells in the
flowthrough fraction were collected and subsequently used as NK cells.
Purity as de ¢ 8. ADCC Assay
[0238] PBMC tgf% agsgﬁ%ﬁoaﬁéﬁtg?%%%%é%ﬁe %%s%?dlléed above. The
effector to Mmmmma@evm ee’;lﬁhﬁratauhmtlimmﬂvliéaﬂs HBBMCThﬁmbhﬁikﬁml | s,

respectively. C red medi um at the
appropri ate éﬁ}}?@é‘ﬂtg eﬁ%ﬁwﬁﬁgﬁi’ﬁg oglthrﬁgéx%hpngf: ®round bottom 96
wel | pl at es. cofldted@hd eistmedtBf used BBNKmellb@dngﬁasv@feﬁnﬁw\ﬁy €136 Nanmal wa B

| ynphora cel | s rown |n ntai ning 10% FCS. Target cells were washed
in PBS, couﬁmasg’éﬁd”?b%t‘ﬂf%%lbgé in AMV at 0.3 nillion per m in order to

add 30'000 <cells in 100 | per mcrowell. Antibodies were diluted in AIMYV,
added in 50. sl te thAﬁ{?@A%.l\ﬁted target cells and allowed to bind to the
targets for 10 m hutes a Thent he effector cells were added and the
pl ate was i ncubated for 4 hours at 37Cin a humfied atnoshpere containing

5% Cco2. 238li ng oPBMEroje¥K exeffestofaells veeseprepasell 45ydepasihed ploetheof | actate
dehydr OgenaS%ﬁéétm taf%'tﬁ%%a; fﬁ%ﬁ@ﬁ%@Bﬁé'aﬁ@Nﬁ%@r&sﬁ% %Ot oxicity

Det ectl on kit (Roche agnostics, Rotkreuz, Swtzerland). Arter the 4-hour
i ncubati on t ﬁ@emf&tﬁes coisr @feEemeparﬁng@d\M-VBO@dlxmgat ﬂ@O@Pﬁmngwper natant from

each wel | was,, @9& £t 6 well plate.
100 | color su]%cr rat %S@Frt (rigfsn\ﬂtl he k| &rvfg@%l lgclggﬁdgéj‘g%ﬂ 81\% 1. The Vmax
val ues of thé&acget eeils foe &2B8 mubadabewdeﬁﬁﬁ\fﬁ hadNamzlvenB Blnirﬁémaeaiﬂer at 490 nm
for at least 10 m Ml e i ces,
Sunnyval e, cASAGsY, @?%c’é @éo%é Lﬁgﬁér{\ﬂcldz é’ ?H?f’ég'sﬁ%d fromwells
cont ai ni ng orthyntédoand edsuspantied ixf ATM-OT at 08Inhifioh pér midn arder tbadd #¥000Maxi mal rel ease
was 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
agsessed by measurement of lactate dehydrogenase (LDH) release from damaged
cells using the Cytotoxicity Detection kit (Roche Diagnostics, Rotkreuz,
Switzerland). After the 4-hour incubation the plates were centrifuged at 800 x g.
100 pl supernatant from each well was transferred to a new transparent flat
bottom 96 well plate. 100 pl color substrate buffer from the kit were added per
well. The Vmax values of the color reaction were determined in an ELISA reader
at 490 nm for at least 10 min using SOFTmax PRO software (Molecular Devices,
Sunnyvale, CA94089, USA). 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 antibody-mediated killing was calculated as follows: ((x —
SR)/(MR — SR)*100, where x is the mean of Vmax at a specific antibody



determned fromwells containing only target cells and 1% Triton X-100.
Per cent age of specific antibody-nediated killing was cal cul ated as fol | ows:
((x - SR/(MR - SR)*100, where x is the nean of Vnmax at a specific anti body
-90- concentration, SR is the mean of Vmax of the spontaneous rel ease and MR
is the nean of Vmax of the maximal release. 9. FclRII1 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) | act-P& acid solution (140 mM 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. Inmunol. 156: 2948
(1996)) . [ O2etiitentatidnsSRUBIE ritdas BEm AT tHeisporsaned s el 28Eend Q1R istheBSA, 0. 01 %
sodi um azi de an(g concg&tﬁrati OaP yias adjusted to 2 x 106 cells/m in PBS,
0.15 BSA, 0.8l G0Fghig Aagmal 68581 05" cel |'s were incubated with 0, 0.1,
0.3, 1, 3, 10 gg/m antibody variants for 30 mn at 4C. Cells were then
washed two tinmes and aptibody. bi ndi s detected by incubating with 1:200
fluorescein i sotghi ocgawg'%ﬁ‘?ﬁg;ﬁg‘%n%?ab' )2 goat anti-human | gG (Jackson
| mmunoReasear ch, West G ove, PA? and anti-human CD56-PE at 5 pi / 5 x 105
cel | s (B933Fhar m deeshly isdatedNEgslls wap cewfrifiged frimiputesat200 4@ agdshi el ds R et al .
J Biol. Che 2R3 : . scence intensit
”ﬁr?ﬁ%%g%% (??cg ﬁ%@?f’a@u&&%@%ﬁh QQB@: NLBE sfggﬁ?&ﬁ, y

referring to oun y varlants wa ermn or CD56+ cells on
a FACSCal i bupH @B teiiamibitingdex 1 Baslisiuis roo@Aempert@re foe§animudl tb bi ndi ng on

mn ar 37C | EnBEd R eelaiubitet, e\ T B0 1T C Then T o
resusper6fdd] at 2.CxHs werdelwiaghed tvetivhes fith PBR, PBSBSA., 1.94 ‘BSAludazdide’o NaN3, and 180

524050 Dol EACS Lhgio, JSRababP N ROl LUORas G ok, O3 1, 3 10

30 g/m) of coengl neered nondcl ohal anti bodi es
were added tmdiumeail S x &0’ slmwere inqubatbhivithl 020.14C3f 3,30 pg/m! (final cells

S0t hi ocyanabEoEBr TRt & I RE Y ¥ G R s o IR Pt oo
| mmunoReas eafigibody\baidifg cwee, ddtdtedwds mdatrtng owithel: 20 |fRioresdeth | ncubated at 4C
For 30 M N AL LRl O0S I8ec® blE ' Sar CEREAE 18 Cpfekson
ImmunoReasearch, West Grove, PA) and anti-human CD56-PE at 5 /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.  FcgammaRIIb 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% NaNs, 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
ml PBS, 0.1% BSA, 0.01% NaNj3 and the fluorescence intensity referring to the



m PBS, 0.1 %BSA, 0.01 % NaN3 and the fluorescence intensity referring to
the -91- bound antibody variants was determ ned on aFACSCal i bur (BD

Bi osci ence, San Jose, CA) for living cells. 11. Conpl enent dependent
cytotoxicity assay 10243] Target cells were counted, washed w th PBS,
resuspended in AIMV (Invitrogen) at | mllion cells per mM. 50 pd cells
were plated per well in a flat bottom96 well plate. Antibody dilutions
were prepared in AIMV and added i m1.50 sl to the cells. Antibodies were
allowed to bind to the cells for 10 mnutes at roomtenperature. Human
serum conpl enent (Quidel) was freshly thawed, diluted 3-fold with AlMV and
added in 50 ] 2 AR WW : boratories) was
pr epar ed asbggﬂgg?éﬂggﬁé%??‘ﬁe manu g%turer, |1ud'gﬁé§g§ﬁ{§%l@§ﬁgg\?\jth Al MV and
added in 50Jpset@Axfrlivigg qells. As a control, conpl enent sources were heated
for 30 mn at 56C before addition to the assay. [02441 The assay plates were

i ncubated for 2h at 37C. Killing of cells was determ ned by neasuring LDH
rel ease. Brieflyll t h&opplemest deerderiapplorciiya®i®at 300 x g for 3 nin. 50 Id
supernatant per well were transferred to a new 96 well plate and 50 | of

t he asspy43)eagenTarget @ellst e CyindddDwhshied WitkiPBS( Readpendedvai aMadded. A kinetic
measurenent with the EL] SA rﬁader deterni ned the Vmax _corresponding with

LDH concent CRFHTERD #f % mEben fsds petemnd0 Mivels were plated @sckellige et er mi ned by
i ncubating %Bgors 84 W&l piite PRASERCEIAbns el pléatdadn Al KOMhd JREIYR t s and

Di scussion [0245] d ycoengi neered versions of an anti-CD20 chineric |gd

anti body (GO BBtoghsicrYs: Astikadics pistpallowsdse bivd dantre adlsdort 1diinHes)at wer e produced by
co- transfegtdn NRRRLd W gsq}ﬁ,r expressi on of
antj body geéles&gﬁgga%%&\ﬁ%t ors #do g)%%{r L@lsleﬁ%}nag%/ﬁge e@a‘x’eér?(g:odi ng vari ous
pol)ypepti desgliluted 3-Foldwith AIMEC ardAddsd in Ad i iteedivdlis RebPH commtnyenbengi neer ed)
versi on oft ant.i bo was produce ransf.ecti mral i an cells
only with theqS/aIg%:nr?(I)‘ i b %t? esg‘}r({%slpﬁ%na‘%dase&né%mgﬁﬁye&s% 'ghu.facﬁ"ﬁeé"r@lrug sfected cells
wer e kept i r3-foldlvithrAM-Srandtaddedas 50 ult th tigewdlisyAss actrbl) eomgiémeit ed, reconbi nant
anti bodies were purifie

fromth ulture nmediymby Protein A affinity
chr omat ogr apP§Fees st @ﬁ3§%§%€’s€b"§%‘9 addition to eass)afly.
[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 supematant per wéﬂ 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 supernatant. Maximal release was

determined by incubating the cells in presence of 1% Trition X-100.

) Results and Discussion

[0245] Glycoengineered versions of an anti-CD20 chimeric IgG1 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 GnTHI 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



encodi ng pol ypeptides with GTlIII activity did not have any significant
effect on cell viability, cell growh or antibody production, relative to
cells not producing such polypeptides. [0246] The purified antibodies 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 subsgguently analyzed by MALDI/ TOF MS. Usi ng
this technique, it is possible to determne the fraction of different

oligosaccharide species within the total, original Fc-oligosaccharide
popul ation, gfgdih pdlﬁeﬁk&@wﬁ@@ﬂl@@ﬁﬁ%f@ﬁt%sﬁﬁfwgﬁe&&l di fferent peaks
in the spectra (Urana, P. et al., Nature BiotechnolL. 17:176- 180(1999)).

[0247] Fi gur elyviabidywsell gewhey aptiedoppdistan etlaive theeeNapmpIotHng/s profi | es
fromthe recg@k%&%% anti-CD20 chimeric 1gd antibody produced in BHK
cells. These cell re transfected with anti body expression vector
PETR15040246] gur esThz puyifisd shighedieh evero thea sppalyaidnfpr phaf glyeesylaben he sane

22::Ioglogépo%ﬁ%%%‘?gggﬁéﬁhg@éﬁﬁgjc%?ﬁéﬁ%g%dregkﬁcg% %ﬁ%it%ur e 2 results
fromthe useAsi293 resibieaif ghabyingen kgd di regioni | Thetolipesa@hatidés exqpe essed from
oi d_encodi ng Al Heabiel Suis bl by Y BB GaE D, O P €1 €
| ocal i zat i onsubesmmenilyehal@ed by MudBI TOF-MB eUGag thisnevhwmiahe, it &tpabsitle c domai n of
Flgure 4 rest IpRENE MBROEARLRRER LY b AMNRE ool i e U, B0 "
g?lnépepti de omgipal Fsoligpsathdridepdguiagomiamdisishliepdseibizltd @sign smctudonmai n of Gol gi

Gene was. expiouttanaedimt BE ey Ianaoh ™ th st MRl e ant i body has.
a typical ol iggsephari de profile (Fig. 1), wth peaks at mz ratios of
1485, 1 nd 1810 bei consistent w th . bi core-fucosyl at ed,
conpl ex%ﬁ"gosacc gt Eegggﬁ @ﬁn ?‘mﬁ&lg&ﬁa&d?ﬁdam'&@swa{i@%, respectively.

Sim|ar prof gbeashareohbigf (2BR ahh€DEO -ch®@kio NgG D hitposdppolaei des of

non- engi neer ti boq{ges rodyc '%Di ot her standard panmal i an,
i ndustri al cgﬁiIg ?‘?ﬁﬁes A4SV ‘Ef? % REPTESIPSY e T f el vy,
pETR1502. Figures 2 to 4 show the corresponding profiles for the same antibody

produced by BHK cells engineered with nucleic acids encoding polypeptides with
GnTHI activity. The profile in Figure 2 results from the use of a nucleic acid
encoding wild-type GnTII expressed from vector pPETR1166. The profile in
Figure 3 results from the use of a nucleic acid encoding a fusion polypeptide
comprising at the N-terminus the localization domain of GnTI fused to the C-
terminal catalytic domain of GnTHI. This fusion gene was expressed from vector
pETR1425. The profile in Figure 4 results from the use of a mucleic acid
encoding a fusion polypeptide comprising at the N-terminus the localization
domain of Golgi a-mannosidasell (Manll) fused to the catalytic domain of
GnTIU. This fusion gene was expressed from vector pETR1506.

[0248] The unmeodified antibody has a typical oligosaccharide profile (Fig. 1),
with peaks at m/z ratios of 1485, 1648 and 1810 being consistent with
biantennary, core-fucosylated, complex oligosaccharides with 0, I- 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,



-93- MR et al., dycobiology 5:813-822 (1995)). Engineering of the

anti body producing cells by expression of wild-type G1Tlll leads mainly to
bi sected, core- fucosyl ated, conplex biantennary oligosaccharides (Fig. 2),
with peaks at mz ratios of 1689, 1851 and 2014 bei ng thebi sected
counterparts of the non-bisected, fucosylated oligosaccharide peaks found
in the unnodified anti body. Engineering of the antibody-producing cells by
expression of a nucleic acid encodi%g a G1TlI-GTl 1 fusion pol ypeptide,
where the GhTlIIl catalytic domain is localized via the G1Tl Col gi

| ocal i zation domain, also leads mainly to bisected conplex biantennary

ol : gosacchar hﬁE.Set(dllgwcpﬁalbgy 318184822 1@8?)).arﬂi1gﬁ18€rﬂngi of the fgntiboas). I I—b\(/jvever,
relative to t wild-type GaTlll,, use GnTl-GnTl ] | sion leads to an
increase in B]i°§‘é’&"cgé’81,ls ﬁ%ﬁ;@g@@ﬁ%@@%@ﬁ%p@?&@ﬁ O%f 1 uct ur es
(conpar e t hefiRbResd! éoiexOfiand@dles odshechirzde® {Fid 85 Awithlsbhis at 1326 and 1973,
relative to the total, bhetween Figs. 2 and 3). The synthesis of bisected,
non- fucosyl BetPfAft: b3 dend 2014 beipsihe biseoied gountrmasts PR Rop-disestesm t he

conpet i tion, alcedytatddn bligdtRethhidd pelid IRRAE ChA e QnilBsitd 24Body0et Ween the
reconbi nant GhTI'll- catal ytic domain and (i) the endogenous core,
al , 6- f ucosy| Epgiresring ate apjibody emdysing sellsehyrrpressiereod 4 nydpihagd and (iii)

GnTl |, si nceyRRgits 20n PlLGAPRGESHAREtdS, wHtRAhS GRAMWhER8ddhaeCt i Ng G cNAC
added via a GhTM cat al yzed reaction, these three othér enzynes can no

| onger act t & lopstigelyiathrGnfil Solet bogelisptiogdsmeinrmoilepds maintyidisseiod e bl ocki ng
action of WEM#&@QH&&&?BHQJ%&H&M@& @%Nglﬁalﬂclg (268 #9951 iRkfgect i vel y bl ocks

GnTlIl, since GnTll acts downstream o In the NNl nked ™ ol i gosacchari de

bi ogynt het i ¢ 3palomgesy. relitive tpthgrslddypefnZ 1, gerpla TGt fneondesds f ucosyl at ed,

whereas the : i reqf I sttt gl ycosi dase
di gesti on, vma)legﬁ%gggﬁsegﬁ?ﬁg‘%gegi S ﬁﬁé%&ggﬁjﬁ#%g&g’ngﬁggﬁm ex 3

ol i gosacchar (aaparg Rhegproposfions\ef peks it w/zcunlioo#.n % Aal826 had 19B% ease in these
peaks is dugy Qe?d“th%@&ﬁle@&@#nrﬁé%?iagag}?oﬁé ﬂﬁiigﬁfﬁlaéc%g,ee _bi sected,

non-fucosyl ated and "bisécte . i gosdccharides (: el ow). [02491
I n contrast fusosytatedoand driseChad;| Hybrid gtriofiresyreanits drbirm thermompelitonafor ds used here,

encodi ng. & AT EEARA bRRAREREHARLE B SRR G A D T P T 1
catal yti c dorsalpid drlamead (iyteendogenbibsoidhah6-Gabsyltrdnefemke, i Golgh donmai n, | eads
o-mannosidase II (Manll) and | (i1i) GnTH, since once an oligosaccharide is
modified with a bisecting GlcNAc added via a GnTIII-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 GnTII, since GnTH acts downstream of Manl{ in the N-linked
| oligosaccharide 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 GnTIII activity-encoding nucleic acids used here,
engineering of the antibody-producing cells by expression of a nucleic acid
encoding a ManII-GnTII fusion polypeptide (SEQ ID NO:14), where the GnTIII
catalytic domain is localized via the Manll Golgi localization domain, leads
mainly to bisected, non-fucosylated and bisected, hybrid structures (note peaks at




mai nly to bisected, non-fucosyl ated and bi sected, hybrid structures (note
peaks at -94- mz 1664 1810, 1826 and 1973 in Fig. 4). Therefore, relative
to the wild-type G1TIIl and to the GhTI-GnhTlIl fusion (SEQ I D NOCS: 12 and
13), the ManE- GnhTlIl fusion was nore efficient in the synthesis of
Fc-attached bisected, non- fucosyl ated and bi sected, hybrid oligosaccharides
(conmpare the proportions of peaks with nfiz of 1664 and 1810 relative to the
total between Figs. 2, 3 and 4). JPhe proportions of the bisected,

non- fucosyl ated Fc-ol i gosaccharides resulting fromthe expression of the

nucl ei ¢ acids encoding wild-type GnTllI, the G1Tl- GiTIII fusion and the
ManE- GnTl | Im?#memnsmum&a@nmllmgehy ﬂ:eﬂe%ore,&adm?e&%hew ¢tively. No

bi sect ed ollgosaccharl es were detected in_the unmodified (non- engi neered)
anti body. 162bBhande fhe{aThEnTRR ﬁ@i@ﬁr@@@ﬂ@ﬁq% 12 prd Nantbe t11 fusion

construct i gntiensisfhdnck cﬂcfe%ﬁlmyﬁtﬁésks%ftseqﬂacae& BisdcRI ndnICT €ases in the
proportion of bisected, non-fucosylated oligosaccharides. This was

denonst r at efcpylatsdmd biseqtnd, hybaid ojedsrcclprides (comppistirerreparionned vect or

(pPETR1519) b JfPeéPmagRIGR HeR tbfc%HééﬂFi fected HEK293- EBNA

cells. Th|s$%§p?g§g%%n gyste21}s ﬁgﬂn t% ad tO!%I %ﬁ§ el s of

expr essi on, Tbmﬁomonaloﬁ@e biseated, gﬁn-@kwb@érﬁ@whmsaccﬁnmdeamsulbogly genes from

vector pETR}S r fied, unnodified

(non- glycoenglnee}gﬁf Eqﬁgﬁgf%@§§§£§£%#ﬂﬁkéﬁ e@gﬁ§¥%¢ this systemis

shown in Fi goT8l ﬁsmmmdcﬂh%l\é gai-onElHdvaon wese spppixaadtelp i @o&d@é%&rl de profile

u L non- b1 ReRbSiy bRARLCLANSBRRIARIS, RERKE AN R. O 1, 2nd 2

oI|gosacchammmaapdbmhhds’of the unnodified antibody expressed i nBHK cells or

| evel 9 Eag ni,L body produci ng

ceI I s %0“1 t he Iﬁﬁﬂg{.&lﬁgﬁ%%p§§g%:§§#%ﬂ I%FM@]‘%D tPFEF usi on expressed at

hi gher | evamtﬂioﬂﬁpmmcmgs:pﬁsb(}rtd hdhttronctrdraeespm ﬂx&tpmdpmdwnoﬂf baediédpodi es where the
majority of th chari des wer ,..hon- f syl ated (see

Fi gure 6, wher Emo ﬁ% ?g a&% PuggéfYafﬁ %%f §9§Fmﬁs ul%’%aride peaks at

mz 1664 anMahHZEhTDII ogmu-melfronmmtot (HBIRAYEY) vﬁm%ncﬁriPt faeapmmmll

ol i gosaccharides). .[ 02511 BN, i ove,. endo co dase H (EndoH) was
used to confﬁpgﬁaf%? HLgs%si?b“ﬁﬁéﬁri%fﬁﬁgégﬁeﬁ%ﬁx?f&%@ﬁy d®and bi sect ed,
hybri d str ukhewres ldad td 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
higher Ievels in HEK293-EBNA cells). Engineering the antibody producing cells
with the nucleic acid encoding the ManII-GnTIII 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
MALDUTOF-MS neutral oligosaccharide profiles of PNGaseF- and of



di fferent oligosaccharide peaks observed in the MALD profiles. The
MALDI / TOF- M5 neutral oligosaccharide profiles of PNGaseF- and of -95-
PNGaseF+EndoH- di gest ed gl ycans derived froman anti-CD20 chineric |gG
anti body, produced by HEK293 cells gl ycoengi neered by G1Tl I (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 ated conpl ex, non-bi sected. -Fhe different structures show the sane
mz ratio due to the sanme nonosaccharide conposition (Figure 8B). [0252]
The di gestion of the PNGaseF-rel eased gl ycans with Endogl ycosi dase H
%iggr?}: es nem;@asw%ﬂmg;digfeml ily&ahﬁddiﬁb@&oﬁ?ﬁlﬁnﬁlem hg chiltlefi¢ gfd}lf r%rln rllle z 1664 to
igure 7 e differ corresponds .to the nass a GlcNAc
resi due. Asmﬁégﬁﬁdﬂ%@m3£60biﬁ%ﬁgﬁHw@%ﬂﬁHPmEW§§V€ Phggggﬂﬁﬂ€k type
ol i gosacchar ¢@egpressknesre ki in big@re MG hedkko/Aloc Bt bbaoAmedtd be assigned to
t he non-fucosyl at ed hybrld bi sected type after Endoglycosi dase H di gestion.
[0253] O hert™oe dileranh lycans, | wEslya $89-§ivetylatel dybrsd-EsecAhghmPRt bi sect ed
gl ycans. Atfusésglaéeé%Qmpléi,heﬁ-biﬁ&%mcﬂﬁéédt%&ﬂ@s sReAthedbmeppear ed so the
structures can be assigned to the fucosylated hybrid bisected type. The
subt ract i on 8o dyrcdo thesrpne mopgsarcharide corapestiop(Fighe BBE core a- 1, 6 fucosyl at ed,
reducin Ac i L6l : &gﬁg- generates a
structu?%so nizN?%%%sﬁkgHﬁ%???%%%@ﬁﬁ%ﬁégﬁ%%gsgﬁﬁédo tﬁ?%ggéak by EndoH
di gesti on (CResRAkes pevs plansbires) with thameapr pastobeingrbified fomrmaiadéodio a peak at n z
1298, denons : k on-fucosyl at ed
Mﬁg"ﬂt‘%gg,%rgﬁ‘h)A. :rﬂﬁ?gf’é%ag@&?&ﬂ 2 %ﬂi@ (tjolbtge m%%%?gaﬁ:gmtc?es?dft]l@.

hybri d bi secte appearance of the peak after
EndpH di gest AomerfonehaboraFador ¢ranotrclere theedmnlex tipe dligowespadesd hybri d

bi sected str : : f Eé&d resi due
generates a E%ﬁé@htpgﬂlg}&ﬁ%\égé‘gg%?ﬁ% %e% at %]rr?l f(ﬁ%%g)ggﬁ%%n- fucosyl at ed
hybri d bi seckybtidbispeied typesafidi Badoglychsidgsedh digestioThi s generated a structure
with m 2. T f i [ i n be assigned
to the ﬁ?zéglzrrannggg&? %%&%@b%%g%@d&% g%mﬁe"%?@&%&ﬁﬁ%ﬁf‘%@ﬁéﬁpeak at. rﬂg z
1689 (conpl eXthi/skd0edpr BwisH digestiart the ptaddishypesfatiokthedingbistscambe as expect ed.

I n synthesis

fr he da bt aj.ned. in T Ie”}I we con t hat 88% of the
ol i gosacchar ?Salgnés%lt ?'E'Jhgsjt??s ga?egg'?%dbése tleég'g%‘ialﬁﬁ Eﬁ{fﬂ%??oélﬁgilcyﬁc\/\hi ch are non-
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 (GleNAc 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 myz 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 afier EndoH digestion can be
assigned to the high mannose type (1257 m/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
oligosaccharide structures carry a bisecting GleNAc, 60% of which are non-
. fucosylated hybrid bisected structures, 22% fucosylated hybrid bisected and 6%
fucosylated complex bisected oligosaccharide structures.



fucosyl ated hybrid bisected structures, 22% fucosyl ated hybrid bisected and
6% fucosyl ated conpl ex bi sected ol i gosaccharide structures. -96- Table 1.

A i gosaccharide assignnents m z Possible Relative% Expected Cbserved

Rel ative/ Assignnment structures before mlz mz after EndoH afterEndoH
aft er EndoH EndoH 1256 Hi gh marnpose 9 1053 1053 11 Hi gh mannose (9% 1502
Non-fuc. hybrid 7 1298 or 1298 13 Non-fuc. hybrid bisected or 1502 -

bi sected (7% Non-fuc. conplex 16%7 Fuc. hybrid 7 1298 or 1298 13 Fuc.
hybrid bisected 1647 - bisected (7% or Fuc. conplex 1664 Non-fuc. hybrid
49 1460 or 1460 60 Non-fuc. hybrid bisected or 1664 - bisected (49%
Non-fuc, corfablex. %@&ccﬁmdeasnmnimts 3 1689 1689 5 Fuc. conplex bisected

bi sect ed (3%@ H0—+de—hybrt+a15—3460—or+—1460—-60—tte- h,brL bi sect ed
bi sected (13%,, |07 pil8h0 1RA{ved:| Akl Ol!:é}&d RARRLg %.ﬁ x (29 1826
Non-fuc. hybrii 4 162guhd2| /veian 1 k. hybrid |bi gectie | sect ed 4% 1851 Fuc.
conplex 3 1@51 1851 2 Fug¢.Esaedpifexenddl st bEseEtled (3%
1256 |High mennose 9 1053 1053 11 |High mannose
(9%)
1502 | Non-fuc. hybrid 7 1298 or 1298 13 [Non-fuc. hybrid
bisected or 1502 - bisected (7%)
Non-fuc.
comnplex
1647 |Fuc, hybrid 7 1298 or 1298 13 |Puc. hybrid
bisected 1647 - bisected (7%)
) or Fuc,
- | complex
1664 |Non-fuc. hybrid 49 1460 or 1460 60 [Non-fuc. hybrid
bisected or 1664 - bisected (49%)
Non-fuc, .
complex
1689 |Fuc. complex 3 1639 1689 5 Fuc. complex
bisected bisected (3%)
1810 }Fuc. hybrid 15 1460 or 1460 60  |Fuc. hybrid
bisected bisected (13%)
or 1810 1310 2 and Fuc.
Fuc, complex complex (2%)
1826 |Non-fuc. hybrid 4 1622 1622 7 Non-fuc. hybrid
bigected bisected (4%)
1851 |Fuc. complex 3 1851 1851 2 Fuc. complex
bisected bisected
) (3%)
1972 | Fuc. hybrid 3 1622 1622 7 Fuc. hybrid
bisected bisected (3%)

Mass balances (in mo) fraction in %)

a) Peaks at m/z 1502 and 1647: 7 + 7% = 14% (expected). EndoH digestion for both
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 (cbtained

60%)
¢) Peaks at mv/z 1826 and 1972: 4+ 3% = 7%. EndoH generates m/z 1622 (7%)
Summary. Total relative percentage of structures

bearing a bisecting GlcNAc: 88%

Non-fucosylated hybrid bisected:  60%

Fucosylated hybrid bigected: 22%

Fucosylated complex bisected: 6%



1972 Fuc. hybrid 3 1622 1622 7 Fuc. hybrid bisected bisected (3% Mass

bal ances (in nol fraction in %: a) Peaks at mlz 1502 and 1647: 7 + 7% = 14%
(expected). EndoH digestion for both peaks generates mz 1298 (obtai ned 13%
after EndoH) b) Peaks at nmiz 1664 and 1810: 49+ 13 % 62% EndoH generates
mz 1460 (obtained 60% c) Peaks at mz 1826 and 1972: 4+ 3% 7% EndoH
generates nlz 1622 (7% Summary. Total relative percentage of structures
bearing a bisecting OlLcNAc: 88% Nonysfucosylated hybrid bisected: 60%
Fucosyl ated hybrid bisected: 22% Fucosyl ated conpl ex bi sected: 6% -97-
[0254] The above data (Figs. | to 6) show that both the |level of G1TIlIlI

expr essi nd th o] | et d to target the
GnTl I I@%ﬁ@l yti c gnﬂé)}l%l%w a(hgs Eo+ 65%5 ?ﬁ’%%@e k%g%gz Ok%qlﬁﬁl on for

GnTIl - nodi fi edxpredsmgamcahqumuﬁelo&lhsttdndbmlﬁmtimmdtctthxgetrﬂmc(hﬁtm nant

GhTM cat al yti In.and_ t n S core.al_6- ransf erase,

(Manl 1) and @ﬁli’?ng?f??ﬂé%the (Eﬂq%} H’gl %853@%%‘111&9%?%‘%“ %ﬁﬁ“iﬁ s it in this
conpetition, oligadéchgtideSuitirgéidktvicevit fecotindi GETlegalyliydvmath aad bi sect ed,

non- fucosyl ated ol i gosaccharides and to a concomtant reduction of the

| evel s of bi sd eMog@ap ere ghd¢-Beosdbansirase. Al sp¢ GuTH sgy@sechari des. This
vas al so 1ot sl atiouel %@gﬁ%sw&skwuﬁg leRindARAR s ot at., Nature

Bi otechnol . 177176-180 Yet, In s eading to simlar over al |
| evel s of bi ©édisedteds [yerisk andichiseeiedenon-fuensalated iofigesadsbarder land to sat al yti c domai n

via the Ol fcotintoliBhul RFQl dORLINARPLABLAG hodiBlol  €f fective

conpetition, ative to the wld-type nodi fi ed
ol i gosacchar ioligossesharidesit é’blsagfalaiﬂstnqdd@redd@b!efooﬂs it type GnTII

fucosylt r hi gher
eff%m ency of@%@%ﬁ#?@w ﬁ%@gﬁlﬁ% goﬁ@g%?ﬂ(s e\%n"{%ﬁ%aheam TI 1, for the
synthesi s of thisswlat edsralhiewels df hisebtdsi d@t@@md@nl@d&m@yﬂmt(kﬂm .
ol i gosacear i e ¢ &l ffig KRS Viate AP AL Hon Bolnhs flaf fbRUL T on. T the

cl s-to-
effective competition, relative to the wild-type GnTIII, for the GnTI-modified

oligosaccharide substrates against the endogenous core o l,6-fucosyltransferase,
Manil and GnTTI 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 GnTIIL
The fine Golgi distributions of GnTI and ManII 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 cistemae. The fine quantitative
spatial distributions of core «1,6-fucosyltransferase, GnTI 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-GnTIII fusion
for the synthesis of bisected, hybrid and bisected, non-fucosylated
oligosaccharides, since both GnTT and Manl have identical spatial distributions
along the Golgi subcompartments.

[0256] The higher efficiency of the ManII-GnTIII fusion indicates the existence
of relatively organized functionat glycosylation reaction subcompartments within



trans direction of glycoprotein substrate transport, of G1Tl relative to
GTIIl. The fine Golgi distributions of G1Tl and Manl | have been determ ned
previously by quantitative inmunoel ectron m croscopy (Rabouille, C et al.
J. Cell Sci. 108:1617-27 (1995)). Both enzynes co-distribute along the

Gol gi, being localized mainly in the nedial and trans cisternae of the
Gol gi stack, with a higher levels in the nedial relative to the trans
cisternae. The fine quantitative spgtial distributions of core

al , 6-fucosyltransferase, GTll and wld-type G1TlIIl have not yet been
determ ned. The above however does not explain why the Manll-G1TIII fusion

is signific LCl I - | SH _for the

synt hesi s O?ﬂ%#%yg%ﬁ?&&&y@%ﬁﬂaﬁ g’?eg}ea??g@ r?o(h%:t ﬁ%lgggfg’apgé(}o

ol i gosacchar ¢alled “medinlc@ologlnco@yidtionaendyives’t) Gnaly €Grildemid bahllspat i al

di stributions.. al.qng .the | gi _subconpartnents. 256], The higher efficiency
of the I\/anl—l-%%lﬂ'eldﬁo?’ﬂgi W%ﬂ%f%if%?@%@iaé%e@t}ﬁg%%x%ﬁ ]I'Pgﬂ’ﬁf:ilta y organi zed
functional gihy&esldatitn doniaacilow thesddaenngas fotpas oMbkl dmpRRes, t he physi cal
subconpartmepts of. the nedial - trans: Gol gi ci.sternae. The so- called
"nedi al - Gol gﬁ“sdT %W’M@i@@é%“%@sﬁﬂ 1 °hre believed to
exi st in theofQpk gécombindhtObn TIGrILN figdion\EH Gt le6@ PP leNEEmetcyRHEr , I f the

| ocal i zati on donmai ns a|l ow_these enzynes to form part of t_hege conpl exes,

this woul d bendpgrmousyild-tyes GrHengsme to auy fytephieniicny to ts syathesis 9§ ons.

Expression  pé-oligh8ackRERBD iR GRT cofdttictsusddhiete®ed t6l4 #lajp@y of 8ad tO.
di spl acenent of the , endogenous w |l d-type G1Tl _enzyne to any extent

signi ficant PEBopacehasides heugimodyted beth by Gndb and Gl Hirepsonssi nce” al | OnTl | |

constr ugmwsed h©irQata §lichids Bat B tlcof 1R MR localidaSSRaRMA fdes bei ng
nodi/fi ed both by GnTl and GhTII reactions. [02571 Qur data indicates that,

by virtue of Tppongknairing perugs betreen Bpcardvhividemags pftheqndogepepsGodhal pairi ng

occurs bet vegly fnbGedibfladi MenflORRIN fusRh. (ISt RAGARERY B Ghlines and t he
reconbi nant Manl | -%BnTI Il fusion. Orggni zed pal rings of en%ﬁsés cat al yzi ng

subsequent r exdlyzingabsedquant sedioprinadiosyntheticipafhyay.ima wanpt fvae favors
transfer of Er%’cﬁ'e? EPtﬂHﬁng@t oftﬂﬁﬁjfsll rEagch'oﬁ foafrd éeQ@FtS%al{yﬁ@sit%‘?Elﬁ’:m ggatalytic site

relative to diffusio such product away f e enzynmes, is known to
occur in ot hérfusibi oEsnoh heodiiat apay fiom ke ea@phesais kybyn & gosiusinathdr pol yket i de

bi oSyt hes o GHeg M dR0lch of SRS G JoROELSbeliodl Bhrihg o1 gomers”. at
ManlI 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 Manll. We have
| identified similar residues at equivalent positions of the stem regions of the other
Golgi glycosylation enzymes involved in this part of the N-linked oligosaccharide
biosynthetic pathway, namely core ol,6-fucosyltransferase (same charges as
GnTI instead of complementary charges as in the case of ManIl), Manl and
GnTH. Wehave 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



of these enzynes to the endoplasmc reticulum (N lIsson, T. et al. EVMBQJ.
13(3). 562-74 (1994)). A pair of charged amno acid residues in each of the
stem regions of these two enzynmes was found to be critical for this kin
recognition. The residues in G1Tl were of opposite charge to those of Mani.
We have identified simlar residues at equival ent positions of the stem
regions of the other Golgi glycosylation enzynes involved in this part of
the N-linked oligosaccharide biosynphetic pathway, nanely core

al, 6-fucosyl transferase (sane charges as GnTl instead of conplenentary
charges as in the case of Manll), Mani and G1TlII. We have also identified

that these resh@STRICcRMTELIMRENAGoRESnMRCH Pairing AkdwiRHdRA thd has been
suggested that these residues are not essential for, incorporation into the

hi gh nol ecul s GHREYHE B3Ete KEaver ey sydonybutne te A sRatHls Cul-Mydh for ol gi
| ocal i zati on fERat froht ca&ﬁytﬁ!domﬁiln o@gﬂnﬂ v&EJia]gﬂSe lo#t iR fkGrcolb@af 45 (2000)),

it is possible that they are involved In a finer pairing of the catalytic
domai ns dur i nigsien beganmibe Fatl el dis@ampiesi s. Such pairing does not need to be
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and |ocali zce)@eto)élg?sﬁ%c%&)‘#@fo f{}? ‘gﬁ%qée%n@ﬁu%g}’é%%?o ggﬁ @g{:ia%sﬁy omain i s shown
in Fig. 9. Thigurebigshser mititg.i 1d€hertighsabehanide frdifile obthe glotoeapinedoaidy used for the
ADCC assay of__.Figure .S in Fig. 1. The aligosaccharide profile of
the gl ycoengi%E?‘g'dmedaﬁfhﬁd@?&gnﬁayf’%@f‘ﬁél %@ndgi%goﬁmﬁ?a@?fe 9 i s shown
in Fig. 3. |napeaseshitirDikm raxprebsionnef fetqibifinp pelypeptide orithr @a®Mbi nant
Ol yeos, dase, AP oot o 8 ol PR oo ALl SRR RIARTY, 10, The
ol i gosacchar i @gnaii 9 btidwa 19Fig! 106 TEOBligoSdcctaritlé HYOfM 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 10is
shown in Fig. 6.

[0259] Fig. 11 shows that expression of a recombinant polypeptide with GnTIII
activity and localized to the Golgi via a Manll Golgi localization domain leads to
increased ADCC activity relative to the use of the wild-type GnTII polypeptide
with its own GnTIII Golgi localization domain. The oligosaccharide profile of the
antibody glycoengineered by expression of wild-type GnTIII 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 ManllI localization dornain, 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, non-
fucosylated oligosaccharides, have increased ADCC activity compared to
antibodies with complex, fucosylated, non-bisected oligosaccharides. It should

be noted that all of the bisected oligosaccharides of the more active antibody used



used for the ADCC assay of Figure 10 is shown in Fig. 5. The oligosaccharide
profile of the gl ycoengi neered anti body used for the ADCC assay of Figure 10
is shown in Fig. 6. [0259] Fig. 11 shows that expression of a reconbi nant
pol ypeptide with GhTIll. activity and localized to the Golgi via a Man
CGol gi localization domain | eads to increased ADCC activity relative to the
use of the wild-type GhTIIIl polypeptide with its owm GTUL ol gi

| ocal i zati on donmai n. The ol i gosacchapg-de profile of the antibody

gl ycoengi neered by expression of wild-type GiTIlI. and used for the ADCC
assay of Figure 11, is shown in Fig. 2. The oligosaccharide profile of the
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activity, localized to the Golgi via the Mani |ocal]zatjon domain, and used
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that antibodicgmthdifity HasRaiiAE 10thd GRS A SoalitRich 4ethPledt SECL €d, hybrid
and bi sected, non- fucosylated oligoSaccharides, have Increased ADCC
activity conmprreete eBicieahiynbedd efshevankfuensiipled bisettad oligasapchatidesaon- bi sect ed
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previ ously, f f 1S, I i hth. .GaTl | cti,vity and
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ef ficient symtithemirasefin thivdisected, hoe-Geydydat el lighdasdetiddfrasliomgwilac char i des, and
Fig. 11 sho that antibedi es. w.th |ncreas |l evel s of these bisected, non-
f icosylategé%lgg %ﬁ%% aﬁ%ﬁ%@“ﬁ@agﬁﬁﬁﬁmaé?fgﬁePﬁ% eﬁ%ﬁﬁ@F@e to anti bodi es
Wi th) | ower Ity frhctionfs Hidhestharol Stg@8%cchar i des. The ADCC activity increases
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ot ossl i niki ng TBFPPRABAD: b EbeRf SoBuEh SN AT ADGT THBSBRER: i nducti on of
ADCC. Ther ef @iportant foSevaluate 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

FcgammaRTNA. 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 GnTII activity. The NK cells used in this assay were from a donor of a

genotype that does not express the FcgammaRTle 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 FogarnmaRITA

receptor. Fig. 13 shows that the binding assay measures specific binding affinity

to this receptor. This is shown by competition with a FegammaRITI-specific

blocking antibody fragment (3G8 Fab2-fragment).



inportant to evaluate the binding of the antibodi es produced by the nethods
descri bed here to Fc receptors, in particular to receptors in the native
formin which the human i mmune effector cells display them Figure 12
denonstrates that glycoengi neered anti bodi es produced by expression in the
anti body producing cells of a nucleic acid encoding a fusion polypeptide
with GhTIIl activity have increased binding affinity to the human
activating Fc receptor FcgamaRl |14y, As nentioned above for the ADCC
assays, these antibodies have increased |evels of bisected, non-fucosyl ated
oligosaccharides that result fromthe expression in the antibody-producing
cells ofg fusi cells used in
this asgeghiere f$@%§§$§%§§%¥ﬂ§1m$&§Qf%@%%%&gﬁgpkdgééﬁﬁg &%ggress t he
FcgammaRl | ¢ oeicept of antirtumbredntibody thmpys:om(ewﬁ'bmsthe Emredtion| foundl, ml munol .

Met hods 258( 1-2): 85 2001 Ther.e receptor on the
surface of the 01515Ip?tleng eﬁﬁ)ﬁ&ﬁ?’i‘%@ eﬁ%@?ﬁ%ﬁdﬁ]% BEEIor . Fi g. 13
shows that t highataffihingFaasmaRiibasetessr gaooipe i(CadaofdGneg &f Bigsdty to this

receptor. i y etition with a Fc amaR ecific bl ocking

anti body fraaggh?&€ggﬁﬁgﬁ §ﬁ¥r§§h§ © ppFgneter S F’gFF%ﬁﬁwggﬁdence of the

i npact  of enhasﬁ@edhalﬁeedﬁsbj%cumneipaﬁdemaanaﬂcr%&sed b&ﬁﬁiﬁoﬂﬁol&ﬁﬂldr tunor anti body

t herapy cones fron1é$e c§£ | ation, foun atlents recei vi ng

rituximab, bETRRABH: SRFFE 'ifg%?ﬁlﬂ ’t"erfgeﬂ{?ﬁif% migraelignst y FcgammaRU A

recept or genghyfeie fedn@ibe flacti®ls catiedo® B v &s 'S was
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the single parangter 2@ nd to correlate wth a vas Iy enhaﬂéed obj ective
response rat dCHIREALF 5 racERhages. mangetisgpd d | ncr eased

effi. jcacy due &&smﬂmrwaﬁa&ﬁmmﬁﬂrﬁmrdcéﬁt&mmcemm&aﬁag& derived from
t he ‘functi ons carrled out varl ous txPes iymune cell's, ~ including

natural kil &pd FWK%YEEWméﬁlﬁﬁ@Fﬁbﬁﬁ§§§ YibeRfcle (el beligverdndr thei ¢ cel | s,

Crossl i nki ng@hhﬁ%ﬁtdey@%ﬂwﬁfggﬁémaﬁénmw@ 8:( qﬂd\%aeselnﬁn nacr ophages
and nmonocytes can lead to tumor cell |ysis mndeli§belleved to be

the prime Freee g2 dBRPL RY: ?‘ﬁl(ﬁ%ozﬂre@ﬁwm%ﬁﬁhn" \ﬂ"R/d)fff?\/dPéﬂ 13p. G et al.

Sem n. Oncolgg oégenld M@Lnnbaa spendet QBN ar pR{EL SRR B azenbos WEXR:  Med.
195(1):FI -3 20 also t0 anti body- dependent cel I'ul ar phagocyt osi s

(Hazenbos, . I@tmuneh 16105) 302 E98), BGﬂ’(M)E getteagh C1G98ey Oredlf |, M E. and
Heard, C. CridBeYo @6§55-35(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 bi.r deprivation of oxygen and nufrients, 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 vivo 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, AM. and Ravetch, I.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 cells,
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.



Hem awl . 40(1):25-35(2001)) and to cytokine release in the vicinity of tunor
cells (Carson, WE. et at Eur. J. Immunol. 31:3016-3025(2001)). These
cytokines can in turn lead to direct cytotoxic effects on tunor cells, to
anti-angi ogenic effects which inhibit tunor growth by deprivation of oxygen
and nutrients, and to enhanced tunor antigen presentation as part of an
active T-cell nediated i mune response against tunor cells. Dendritic cells
are crucial for antigen presentatlonzto T-cells, and cross-I|inking of
FcganunaRI Il A on their surface (e.g.,” from antibody-bound, dying tunor
cells initially attacked in vivo via ADCC) can |lead to enhanced dendritic

crossepr i m QRN e S pel Bhel {SnbaR 3 Cooi chiw alTy very
ef ficient nﬁﬁ%ﬂhﬁm6ﬂ%ct6ﬁ&d1!r’@¢1€ce@l§lﬁlbnéﬂé§§é§sohWWanFéﬁﬂnﬁﬁR@”a S., J. Exp.
Med. 195(1):Fl -3 2002) Kal er g and, Ravet ch V. J. Exp. Med.

195( 12) : 16530nthgopiaessin thegpthes ﬁmssofmeﬂ%me%&hvgiﬂﬂgﬁsawm%ﬁwm22(3) 124-
130(2002)) . {dhebs it imabithy @g{aﬂlﬁfaRE@Hceﬂ?&%@nﬁﬁEﬂthﬁﬁn@éch receptors on

i rune effector cells can also to increased direct killing of the
target cel | soffectosfunetioapisputsdiom anosipyoialascs of the@etivating evist inkibithyy medi at ed

cross-1inking.of. the target-antigen nolecul es (Reff M E. and Heard, C
Crit Rev Onco Herratol -102- 40(1):25-35(2001), gi MS. et al. Blood
101( 3) : 1643} 1052 lelé)sﬁow@atéhqmcr@aset@rm@mn@ms:ée estiveferthe, NK cel | s

al one posses Eg%mgﬁﬁa, ta t he ot her
types of cel ﬁ%ﬂaﬁé&g@ﬁé@a ng’ cgamma ]I: 'S pres"?(’al%]{:'?l %cogg% er wiwth the
i nhi bitory Fbgmmm@rleﬁeqt@@@phmscamiﬁdmithﬂmmnelb*fommws ef fector
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sigrials. [0262 sho e |ncrease Cc recept binding is
sel ective f ogIYGMgm@ung tha Ft amfibody egicosusing theametiebds desciigedibets) 43¢ t or v

Fcgat nmaRI | by a:f'g%’ cho ﬁl%ﬁtgo%é %%:]ste}/‘)eﬁngafu@?rf&atﬂé h&ﬂ& Mse]ﬁ ;6§ﬂlﬂﬂ§t| ons carried

out by immune Ce as ex al ned above. Moreover, the
i ncreases i nthannhaBQI@cgmetvw nayentagdquomewgmmgrstargmtdhemﬁmdﬁndl body region,

usi ng the net |b ere r. than, t ose observed
naturally forrl}%ﬁgy@ yg%%%rhﬁ?’% of -4 Frf?lsls%%e%ﬁn alﬂcﬁ%ﬁ?qﬁ g not ype

pati ents/ donofmhrmambq:hest(ﬁhﬂlmnm wmmmndpqgm)?sa;&(ab@my (Fig. 16) and that
have al r[ﬁftﬂ}/ beenIhae it mg toglgm of %a‘ct?v%{mgafc%gnﬁf re(Yeptor 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 FogammaRIIB, 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. Annu. Rev. Immunol. 19:275-90 (2001)). _

[0264] Figare 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 GnTIH 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 GnTII (see Table 2 also). These
structures are not found in non-glycoengineered antibodies produced by non-

glycoengineered BHK cells (see Fig. 1). The engineered cells expressing the



of anti-cancer antibodies (Cartron, G et al. Blood 99(3):754-8 (2002)).

[ 0263] The bi ndi ng donmain of the activating FcganmaRI | M receptor is al nost
identical to that of the FcganmaRI I 1 A. Therefore, the above data al so

i ndi cates that gl ycoengi neered anti bodi es descri bed here can lead to

i ncreased effector functions nediated by effector cells displaying the
FcgammaRI | | B, such as pol ynor phonucl ear (PMN) cells, including rel ease of
toxi ¢ products and phagocytosis ((Beff, ME and Heard, C. Git Rev Oncol
Hematol . 40(1):25-35 (2001), Daeron, FM Annu. Rev. Inmunol. 15:203-34
(1997), Ravetch, J.V. and Bolland S. Annu. Rev. hnnunol. 19:275-90 (2001)).
[0264] Fi gurgyTif mhenexibtifd HondRSgewiteln dRpdkioh 2 Rbd anusday - CD20 anti body
produced fromBHK cells grow ng in suspension and engi neered for

const it uti verodupligli- | evel expression of both the reconbi nant antibody and a
f usi on pept i ki (RYY ' ide profile shows
i ncreas Eebglsflyjevel sq*g? rel’é%%i"peegé g%ééﬁgﬁﬁ%ﬁg%éss%ﬁcg%ggs gﬁ%g%?cg}g%%{egybri d

ol i gosacchameheslona antittedy arpditeddyy the siahletBIEK-d802-28-thgelhlne e wi th t he fusion
Tl (see ‘%Qitgdiéi%lﬁ)' These structures are not found in

non- gl ycoengi neered anti bodi es produced by non- gl ycoengi neered BHK cells
(see Fig. 1). The, engineered cells expressing the -103- G1TRl fusion

265} T 2 | | ' ductivity.
[0265) The' riPRe; LRl BRIF b AR By RS P "

gl ycoengi neered nonpcl onal amnti body prioduced by the stable BHK-1502-28-11
cell line are presepnted in TabPekPn2lgRebtitpeReliage | ve percent ages of the
peaks obtained by MALDI/ TO--Ms. Peak (mz) Relative percentage 1 1257 2. 5%
2 14}86 2.8% 3 1647 p% 4 1664 221230 %j 5 168042. 5% 6 1689 4.8% 7 1705 3%

2 1486 28%

3 1647 6%

4 | 1664 2230 %

5 1680 25%

6 1689 4.8 %

7 1705 3%

8 1810 278%

9 1826 10 %

10 1851 7.5%

) 11 1972 9 %
12 2012 1.75 %

Total bisected: 88.6% (4+5+6+7+8+9+10+11+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) -

Hybrid 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



8 1810 27.8% 9 1826 10% 10 1851 7.5% 11 1972 90X 12 2012 1.75 % Tot al
bi sected: 88.6% (4+5+6+7+8+9+10+11+12) Total non-fucosyl ated bi sected:
37.8% (4+5+7+9) Total fucosyl ated bisected: 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 GLcNAc residue, 50.8% are fucosylated and 37.8 % are non-
fucosyl ated. The digestion of the BbaseF-rel eased ol i gosaccharide with
-104- Endogl ycosi daseH denonstrated that nost of the peaks obtained are of
the hybrid bisected type (Fig. 19). Fig. 20 shows increased binding

affinity of En ly@hﬂﬁeﬂﬂ&hﬁﬁﬁétaﬂhﬂwm peaR¥ Syl dredytht @riBHK- 1502- 28- 11
cell Iine, act j vatj n% Fc receptor FcgammaRI 1| A on human NK cell s.

Cel | lines @FSBW%&’PFr{Flgsdgbe A SRy irartpsedo pading ARy of 881 e expressi on

of both the aRkh&RHKeBEARDBoA) Jrodhd bhyUs EHK%EMQ)QM%B&& gdeper e i deal for
| ar ge-scal e production of therapeutic antibodies. Using standard cell

engi neer i ng 2ptitetia s reqepter g I\K’;ﬂ‘?ﬂs Gell lipgsigeovirgind ei t her by
i ntroducin ing the anti bod
g sﬁ%&sﬁ&%&%ﬂﬁgb}h@%ﬁ%ﬁghg&ﬂ&m@n §%bih thhe2Bbod fgéﬁ%fdnﬂ g y

genes, or by rntro enes into a ce ne containing the
fusi on GnTl IthefgmreGlQHHppl’yeerglldyemEh@lfwé@g%d:a]sr;mﬁueuqn@tﬁtm@pwhcI ine"), or by

i nt roduci ng pty ;Eé E%';\‘r‘rlg time. 102671 An
anti-CD20 ant &g"éi%y %9‘8%%*@%‘%?%%@” ngi neere C%En%&%ﬂé vel expression
of the nucl érdmplementeheitidi bygingrodusingahe fiisioy SaFTll dencvintorn @H‘Iﬁnbl activity and
| ocal i zed t Qg tested al so for
conpl enment %{‘11 ggle%uﬁ’dd?(g%)%ggﬁfﬁﬂe&%%@% {én\(lz@fion that is not
dependent orlmFgommeg)therﬁswmrﬁnTﬁﬂum (efrreglyorengipbdral pﬁdu@‘nomﬂ majority of the
ol i gosacchar. S co 5??[1 r | sect ed hybrid
non- fli cosy Qf) oé(g{(i/nérg&?%gﬁ%%ngg%@@gg l'ali}éﬂn\l/\%glgso\évglgrgé\’/lﬁe)dm:?or this anti-CD20
[0267] An anti-CD20 antibody produced in cells engmeered for high level

expression of the nucleic acid encoding a fusion polypeptide with GnTII activity

and localized to the Golgi via the Manll localization domain was tested also for

complement mediated lysis {(CML), a different effector function that is not

dependent on Fc receptors on immune effector cells. The vast majority of the

oligosaccharides 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 cells to express
the GnTIII fusion polypeptide at an intermediate expression level that leads to
mtermediate levels of bisected hybrid non-fucosylated oligosaccharides (higher
than 15%), but with a significant fraction of complex oligosaccharides within the
Fe oligosaccharide population of the glycoengineered antibody. Such complex
oligosaccharidés ‘are associated with normal, pot reduced, levels of CML.
Therefore the data indicates that antibodies with increased ADCC can be




anti body conpared to the unnodified antibody (Fig. 21). For sone
applications antibodies with increased ADCC but with reduced CM. may 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 Haematol. 115 (4):807 -11 (2001)). However,

t he ol i gosaccharide profil es above .1g4.so show that is al so possible to

engi neer the antibody producing cells to express the GTlIIl fusion

pol ypeptide at an internedi ate expression level that |leads to internediate

| evel s of - bi ?ﬁﬁh&qmw@Wﬁ%ﬁsﬂdﬁ&ﬁﬁﬁﬁtﬁh%%gﬁm%m%ﬁfmg&lv{tfi' gher than

15%, but with a significant fraction of Conplex oligosaccharides within the
Fe oI|gosaccﬁamwﬂﬁﬂpaﬁhﬁémﬁﬁﬁﬂGmﬂ@ﬁ@igIycoenglneered anti body. Such conpl ex
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Therefore e data |n cates ant1bo I NCr eas DCC can be
- 105- produce@omeshths hiayanMwldbmahmdﬂEthnﬁdctWatmem@r yE@m lves | evel s of CML

activity W@%&&e({'%& E{%glmréﬁlgﬁse%ei%ﬂgécp eS: F1%0% hows s]%gond chi meri c

I gGL anti bod Wi as CetUxTmab. t ha recogni zes the human
epi der mal grmhghmﬁhﬂwopmﬁhmeﬁﬁaumﬁ&ﬁﬁ%&mmﬁﬁFRghMmdgﬁ@ﬁﬁmﬂméﬁeby t he net hods

descri bed hereg. | sho he S rlde roflles of the
unmodi fi ed a ylcoeﬁ ¥er% V\Bf'%ﬁ%‘ t&’%g\(a@ﬁz THNYE g‘Hg&dr‘i%%ruéd version of
thedsane 3nthhﬁ&wngImﬁmﬁ@mxﬂm¥£:;?mﬁmﬁmqe%§$rff@thmﬂﬁfameggmm? a Puclglf
acid encodin Y £ %ﬁ 1) i %%%Wg an ocal i ze 0
t he Gol gi g %’%ﬁfﬁ Tg@ ‘Y%’;\ ogrRlioR domaly. Figg nt8¥8ased ADCC of
tGI he janti - EG:Rmttd |obqgg/ ahie PETRI gglbbglyog&smng @nquengy@a@ginegg% ] .
ycoengi neer, ant i bodi r o e e ere, an
havi ng i ncr Qﬂ%ﬁgﬁﬁ% &ﬁﬂ?@ﬁ@%ﬁwé? %ﬂgFé qﬁpg %ﬁ%@vatlng Fc
receptors, aﬁ@rea&rdqmscm@dﬁﬁﬂemwbﬁamgefﬁn&md ishytidg R réRptosf areancer and of

aut o-i mmune di seases [ ould |l ead to increased efficacy,
relative to PH@““@%FP@? ﬁ ? ug%#bﬂ?ﬁ?%d’Cﬁ@ﬁ”jP d%éﬁ BrHEBPed) version of

those anti bodiseses, fice thBESokilbCkaDItESncréded tdffdaay,| yldive SBOftd be possi bl e
to reduce thetherapeutlc dose for the glycoengineered antibodies conpared

to the unnodicPFERPRImEsnmadifed [onsalyensugineersiiersiopof hoseapeticy, i econoni cs of
anti body pr oqugs thétpies. 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 chimeric monoclonal antibody prepared by the methods of
the present invention and having increased ADCC is administered to the subject
as described in Ratanatharathomn, 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.



EXAMPLE 2 Treatnment of | nmune- Medi ated Thronbocytopenia in a Patient with
Chronic G aft-Versus-Host Disease [0269] Autoi mmune thronbocytopenia in
chronic graft-versus-host disease represents an instance of B-cell
dysregul ation | eading to clinical disease. To treat i nmune-nedi ated

t hronbocytopenia in a subject with chronic graft-versus-host disease, an
anti-CD20 chi neric nonocl onal anti body prepared by the nethods of the
present invention and having increaggd ADCC is adm nistered to the subject
as described in Ratanatharathom V. et at, Ann. Intern. Med. 133(4):275-79
(2000) (the entire contents of which is hereby i ncorporated by reference).
Specifically, a weekly infusion gj(ﬂ_@% g,ntl body, 375 ng/nR is adm nistered
to the subject for 4 weeks. The anti t hera roduces a marked

depl etion of B Tewimpeyt pfidevere mgh@d@twmme@@@fﬁmmed | evel s of

pl at el et - associ ated anti body. HemelyticXatwPeE 3 Treat nent of Severe,

| mmune- Medi ated, Pure Red Cell Aplasia and Henolytic Anem a [0270)

| mrune- @Ikt ed, Iamqué mediaqad;rmquiml pEd lredapﬁllaa;ﬂaia( PRCY) s mrgr are di sorder

frequentlyaso th oth u trgat

i mune- nedi al et &eraé Wﬁ&ssﬁm? Eléelrlauto Lgleé’hc%onﬁmguﬁoet{:ef’ an anti-CD20
chinmeric rmnmhmaﬁedami; quryed)pn&@mde@ﬂhplamhén muﬂsjauﬂ,saminmmchr esent

i nvention aving .n sed A ad red ta th subj ect as
descri bed i nr}%gbcefmngﬁ}f’ agf“s@?gy% chb@‘%g?%é?&ﬁ @ﬁsf?t’{“feﬂ entire contents
of which ar earld¢meibyincriessed APCCAS Rithikiyteredfoaheznbiegt as &paribed inZetday, a subj ect

wi th PRCA an aut0| ne | Y LC, anem a i es of antibody,
375 ny/ n2, lgﬁ‘ &@nggﬁ{%%gh@hﬁ e Wengd%ﬂ%?thlﬂrf’ ggsl? Y eatnent with

i nt navenous inmﬂﬂdﬂﬁlgdlB’Jbl'dt‘dr@cde)sSpeciﬁch]llﬁhaﬁ;ecﬂ'\hi‘&SPR(waﬁd‘ﬁatﬁin@ﬁmuces a mar ked
depletlon of ells and a signific |n rg_etlcu yte count
acconpani ed lﬂ)eg?jq? e PRAUA Y %%%ngﬁeﬁgf%@dlg BB YW f"@FT al s and Met hods
1. Constructmﬁmo@ftheaﬂﬂsﬁmmme G¥JUNER SHONNKHRhs SImmMeSdIcHulih @ constitutive
expression of tlated Thls treatment produces a marked depletion of B cells and a significant -

rise in reticulocyte count accompanied by increased hemoglobin levels.

EXAMPLE 4

Materials and Methods

1. Construction of GalT-fusion expression vectors

) 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 upstream 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 MPSV 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



[ 02711 For construction ofthe GAT expression vector, GaiT cDNA is anplified
froma cDNA library (Contech) by PCR A Ctermnal c-nyc-epitope tag is
added i medi ately upstream of the stop codon of the gene (am no acid
sequence: PEQKLISEEDL) for l|ater, convenient detection of GalT by Western
Blots. After confirmation of the correct sequence of Gl T the gene is
inserted under control of the MPSV pronoter and a synthetic rabbit

bet a- gl obi n pol yadenyl ati on signal -i&- added. The final GalT expression
vector al so contains a separate puromycin resistance cassette for
selection, wth the puronycin resistance gene al so under -107- the control
of the MPSV meormiher anches MBS et premotabland  Hathatigl abbin bepagdgpatdenyl at i on
signal. Repla of am no acids encoding the |ocalization domain of GalT
with the anPM$ HOn88Ydi ng the | ocal i zati on donein of the human GnTl.
[0272J The constructl on of this hybrid gal act osyl transferase gene is

per f or med, 16%%}% A pt'hﬁ’) C%C'[IO lreutlnglnthe
pl asm d cont %n%lia 94 & %jf qn%;logl gg} ot @_ﬂ% of "t he MPSV pr onot er
and a puronycin ‘resis as;et 0 eé‘?la% epl acenment of the am no

aci ds encoding the localization domain of GalT wwth the am no acids
encodi nd3 Rk | ocalhiezenstroetionofthishybid galasteaylivensiroase gensds nerformgdp273] The

construction ﬁgﬂﬁgﬁ@ resul ting

pl asm d cont gﬁgfﬁéﬁiﬁee%ag ns %T#ﬁ%réér%gk%% p(ﬁé 185?#1 Q? ;LPS% MPSV

pronot er. CotheiGrdl-GelT fufsmn hraden gontiot ofthe YIRSYI ﬂfomam ard geuemyit h t he

replication g c (f[el%o;gegég%&ostel n Barr virus. [0274] A DNA fragnent with
as

ori P is subclone escri In Exanple 1 into the hybrid Manll-GlT
expressi on vector described above. Conbination of the hybrid manf-G1T

fusi on gene R@ﬂao%m%ﬁtlb@%ta&ﬁho%sﬁﬁohin%ﬂﬂﬂéeﬁﬁ&ﬁﬂ@&&ﬁﬁngﬁﬁeﬁ’l‘[v%75] The
expressi on Veelapino! a8id £ thel\GValiAH6NM dd f Hihiah ARdddeidaRiT. @ truncated CDA
cell -surface marker gene. Brie theé hybrid manlT - @II fusi on gene
expr essi assetf.e | s _conver m a_nonoci stronic icistronic
expr essi@%ﬁcasse H %%??gz,}a@o%ﬁgef?% d ’FrP@rfg’F’beﬂ '{B%Ion of the
manl | - GI1T f psiléig plasxmd contains the hybrid manlI-GalT gene under control of the

MPSYV promoter.

o

Combination of the hybrid manlI-GalT fusion gene with the replication origin
oriP from Epstein Baiy virus.

[0274] A DNA fragment with oriP is subcloned as described in Example 1 into
the hybrid ManTI-GalT expression vector described above.

Combination of the hybrid manll-GalT fusion gene and a truncated CD4 cell-
surface marker gene

f0z275] The expression vector is modified for additional expression of a truncated
CD4 cell-surface marker gene. Briefly, the hybrid manII-GalT fusion gene
expression casseite is converted from a monocistronic to a bicistronic expression
cassetie by inserting, downstream of the stop codon of the manII-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).



polio virus I RES el enent foll owed by a cDNA encoding a truncated human CD4
protein (conprising the human CD4 | eader sequence for secretion foll owed by
t he transnmenbrane and extracel | ul ar domains). -108- 3. Transfection of
manmal i an cells with Gal T-fusion- and anti body- expression vectors
Transfection of BHK cells [02761 Exponentially growing cells (viability
90-95 9% are cultured, harvested and subsequently transfected as descri bed
in Exanple 1. For the production ofjggthe gl ycoengi neered antibodies, the
cells are co-transfected with two plasmds, one for antibody expression and
the other for fusion Gal T pol ypeptide expression, at a ratio of 3:1,

respectively. Transfeg] : hjﬁg%gﬁ B . 7, > nentially grow ng
HEK293- EBNA cel | g ar gﬁ:&%ﬁéﬁ% asaﬁescrm#ﬁ#%aéé@g&g For the
production ofthe gl ycoengl neered anti bodies, the cells are co-transfected
with two plasm ds, one for antibody expression and the other of fusion GalT
pol ypept i de Tsssfeationiof BHKggellsy ratjo of 4:1, respectively. At day 5 post-
transfection, supernatant is harvested, centrifuged for 5 mn at 1200 rpm

fol | oned a second ceptrifugatjon for 10 min at 4000 rpm and kept at 4C.
Gener at loﬁa‘)’/]of a Ernopeatiaiiy growmealiciapilipy 9e?5c hite s€iurg barvssteBnbi nant

anti-CD20 a8 kdbedherdly Gradséondd b tibkerinea il Bxdafible 1T hebr @lePRenBtids-ok502- 28,
constitutively expressing antj-CD20_ nonocl onal anti body genes and the
neonyci n r edheloensingeied antihodies, fhecplcare ep-rasfrcted with &wp plagadyn vect or by
e'ePtrODOVakhgﬂwmﬁﬁ&h%ﬁﬁ&@%nﬁhhﬁwﬁm&gﬁﬁ%ﬁﬂikﬂ%%?b&ﬁﬁe%&ﬁ%ﬁ&i'0” of the
Mani - Gal T gene and a truncated form of human , the "latter Ms-dependently
expressed. Phargaef Ll 18PEBiVEInt ai ns a puronycin- resistance gene expression
cassette. Puronycin-resistant clones are first selected to obtain a set of
cl ones that,fhr nDSO0 | rat.ed the vector DNA. Clones are then
screened f or-&H] 5 'Fbtruncat ed CD4 (tCH), which serves as a
mar ker for expression |evel of the bicistronic Manll-Gal T+t CD4 gene
expr essj unit. oRe LD . ' 0 ion.of ih | gcted clones is
NAER (i) hg ag%@?@ﬁh@@%ﬁ%@@%smc%HsCatret?ansf%cte&asﬁesér?beﬁ

in Example 1. For the production of the glycoengineered antibodies, the cells are

co-transfected with two plasmids, one for antibody expression 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, counstitutively 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 ManII-GalT gene and a truncated form of human CD4, the
latter IRES-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 level of the bicistronic Manll-GalT+CD4 gene
expresston unit. Recombinant antibody production of the selected clones is

verified using an ELISA assay.



-109- [0279] Transfection and subsequent screening of tCD4 expression |evel
is carried out as described in Exanple 1. 4. Production and purification of
unnodi fi ed and gl ycoengi neered antibodies [0280] In the case of BHK cells
transfected with an anti body expression vector or co-transfected with an
ant i body expression vector plus a Gal T-fusi on expression vector, the
culture supernatant is harvested after culturing the transfected cells for
96 h post transfection. Dependi ng amst he expected productivity, several

el ectroporations (10-15) are done for the sanme vector. (0281] In the case of
HEK293-EBNA cells transfected with an anti body expression vector or

co- trangpest ed WrihsREHR%AI SERL QA REAIRE oACTIPexPrekdioh laveliStadied €XPressi on
vector, the culture nmediumis replaced by fresh cul ture nedium

appr oxi mat el 9t asgieprsipedindixgrpled.ansf ecti on 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 cel | s/ nf* andPeawsarhardpvrifipation of pepodifiedand Alygesreinggred ul t ur e.

Anti body purificati onm{“@%?ﬂ Monocl onal antibody is purified fromculture
supernatant using two sequential chromatographic steps, Protein A
chromatd {gseiphy ﬁﬁdﬁﬁwsémﬁmemhamg&cmmwmmo mﬁbﬁphypr?s'oﬂmfcbrbed in Exialrrpl e
1. 5. i gosacc i Ana i 0284 | gosac ri des are.enzymatically
rel eased fr o“t‘?ftfaﬂ‘gt‘reﬁ ‘T”Hb%%@boaﬂ’/éxl’ ‘é‘i‘—*{"gl’%%%@g@‘rﬁm‘?ﬂ?ﬁmfsﬁ’é‘ ant i bodi es

bei nlg eit hg_rvebﬂafmiaicilﬂniredlpaﬂatmtR}ﬁaﬁestmw@nl&dnyth%m?‘@kdd&mrm 10385] . The
resulting digest solutjon containjng the rel eased.oljgosaccharides are

ei t her prepa%eﬁ pBFtr%@Fﬁeﬁu@or%E%’lE@ SHPEFISS POV SS¥ IRl her di gest ed
vvitFu EndoH ddcpegusritibas € 05 e dée feahpiatnepeapar ati on for MALDI/ TOF- M

anal ysi -110- The oli go [ el ease t hod, for PV

rrenbranzqzis}ﬁmbi | 1% &RF § i‘% 3- t9vES Wéegcﬂﬁ%ra?oeé‘ug&yease met hod for
anti bodi es i dpfesdidtieOtBr RHcEtrEREdricd dith bl exprBsiGieteRiol Pask GATBxpp! e 1.

expression vector, the culture medium is replaced by fresh culture medinvm

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 celi line, a culture is seeded at 500,000
cells/m! 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 antibodies being either immobilized on a FVDF
mermnbrane or in solution.

[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 to sample preparation for MALDIY/TOF-MS analysis.



Use of Endogl vcosi dase H digestion of PNGaseF-rel eased ol i gosaccharides for
t he assignnment of hybrid gal actosvl ated ol i gosaccharide structures to
MALDI / TOF- M5 neutral oligosaccharide peaks [0286] The PNGase rel eased

ol i gosacchari des are subsequently digested with Endoglycosidase H (EC
3.2.1.96) as described in Exanple 1. MALDUTOF-MS [0287] Sanpl es contai ning
the enzymatic digests containing the released oligosaccharides are prepared
for and subsequently run on a MALDL{{DOF nmass spectronmeter as described in
Exanple 1. 6. Cell Preparation and Isolation [02881 Peripheral bl ood
nononucl ear cells (PBMC) are prepared using Histopaque-1077 (Signma

Di agnosti cs tiRGligosRicharlde tldhse A 1t B VOB Menitpink AninBidlize8 af®Bdibal | Y the
manuf acturer's instructions and the Erotocol described in Exanple 1. [0289]

Hunan NY, cedddhepligosagchprdegelesse gyih ibpflios ingolutionagraarmied odle| ect i on
procedur e as,desehidEExhdnEranple 1. 8. ADCC Assay 102901 PBMC or NK as
effector cells are prepar%d as descri bed above and assayed for their
ability to nmediate cytotoxicity in an Anti body Dependent Cellul ar

Cyt ot oxi Ci t YUk PEalioArdalias8 3 dHes6dd JTPNGaReFEeRARE Slidosacellatilles #r Fcgar maRi | | A
bi ndi ng onNKpgehdsenmad €9 B4 NGlioRRkchaide HhR@ma cel | s 102911
The bi ndi ng bitdafoifasdc RS Yeaks Ol at e K cells and the binding
of FcgammaRITbh on Raji Tynphonma CelTs I's determ ned as described in Exanple
1. 10. enent,d dent cytaqtoxicity ass 10292 |.enment dependent
cyt ot oxi assé?@?§§g$$§%?ﬁ¥ﬁgﬁmﬁﬁﬁﬂﬁ%ﬁﬂFﬁﬁ%ﬁ?“m@Y%ﬁ%@%ﬁ@gbccording to the
met hod descr ElapdivtatidasecBEE©3.2.1.90psuleicaibanid Fmaslessi on [ 0293] Assays are
carried out in order to denonstrate the inpact of the expression of genes

encodi ng pol ypeptides with GalT activity on cell viability,
) MALDV/TOF-MS

[0287] Samples containing the enzymatic digests containing the released
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. Louis, M0O63178 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

procedure as described in Ei:ample 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.



cell growth or antibody production, relative to cells not producing such

pol ypeptides. [0294] The purified anti bodies are anal yzed for their

gl ycosyl ation patterns by MALDDTOF-MS as described in Exanple 1. Using this
technique, it is possible to determne the fraction of different

ol i gosacchari de species wthin the total, original Fc-oligosaccharide
popul ation, and it is also possible to assign structures to different peaks
in the spectra (Umana, P. et al., ure Biotechnol. 17:176- 180(1999)).

[0295] The unnodified antibody ol i gosaccharide profile is determ ned.
Specifically, it is determned if the engineering of the antibody producing
cells by expression ofwlds e | T |.ga knly t l.agt osyl at ed,

cor e- f ucosyl at ed,ﬁ' co%ﬁ%%%ﬁ?ﬁl%oﬁ?&%%%qﬁng s al so
deternmined i f the endirEEYTRIGP “the anti body- produci ng cells by expression

of a nucleic acid encoding a G1Tl- GI1T fusion pol ypeptide, where the G1T
cat al yt [9Homai nThs bindinalof FeghmmaRIAen fEshly iGddtef NKowsHk iagditicon domai n, | eads

mai nly to gal.agt oSyl bi. ant ennar i charides relative to
The w1 d t o RO ST U KEl pn s SRR sl BABEABRLACS, 10: Osyl ot el

hybrid strudxamgk lare synt hesi zed, these may -112- result fromthe
conpetition between Gal T and ot her glycosyltransferases or glycosidases. It
i s expected that once an oligosaccharide is nodified with a  gal act ose added
via a GalT-cat al y¢ed Curplemeahdepaiidest eytntexidity@emy| t r ansf er ase, Col gi

a- mannosi dase Il (Manla) and GhTIl can no | onger act to nodify the

gal act osyl ated ol i gosacchari des. [0296] EndoH g_l ycqsi,dase dj gestion, which
can di si®RYui sh GCebpismsrtdsasnient cteloxisilpsrEsargie SEPEHIR is used

eval uat e t hesiRfiGHRAEdok B 1B khehetiat ReR66h indBbaME @S| at ed, non-fucosyl ated and
gal actosyl ated, hybrid ol i gosaccharides. 102971 Tests are carried out to
determne if the engineering of the antibody- producing cells by expression
of a nucl ei RadlisdnéDioaksioy a Mann-Gai T fusion pol ypeptide, where the Gaff
catalytic domain is |localized via the Manll Golgi [|ocalization donain,

| eads mainly to gal actosyl ated, non-fucosyl ated and gal actosyl ated, hybrid.
Speci fi {BP3ly, it Assysleteecamistiedutninedder to denhattrape theoingaet ofmted-t ype Gal T and

to the GnTl _e%r]e;gignuo iggn%s eﬁcgang/ga%e%ﬁ‘&el Jit%%a?f'acitiéit}rfrgr{ &Il viability,
cell growth or antibody production, relative to cells not producing such

‘polypeptides.
[0294] The purified antibodies are analyzed for their glycosylation patterns by
MALDVTOF-MS as described in Example 1. Using this technique, it is possible
to detenmine 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 determined 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 compiex
biantennary oligosaccharides relative to the wild-type GalT. If galactosylated,
non-fucosylated and galactosylated, hybrid structures are synthesized, these may



efficient in the synthesis of Fc-attached gal act osyl ated, non-fucosyl ated
and gal actosyl ated, hybrid oligosaccharides. [0298] As nentioned above,
endogl ycosi dase H (EndoH) is used to confirmthe assignnent of

gal act osyl at ed non-fucosyl ated and gal act osyl ated, hybrid structures to the
di fferent oligosacchari depeaks observed inthe MALDI profiles. O the

ol i gosacchari de gal actose residues that carry a gal actose residue, the
percent ages of those structures thatllZ&re non-fucosyl ated hybrid structures,
fucosyl ated hybrid and fucosyl ated conpl ex oligosaccharide structures are
determ ned. [0299] The inpact of the |level of G1lT expression and the
particul ar | eesalt ifoax the vomplesitian hetvhent Gald' and exther glycesymbsftthees @alT catal ytic
dormain to th . 0l . the ition: for GnTl-nodjfi.ed.oligosaccharide
substrates bg}y\/\%éé%k?shgplsregg%crtre%ﬁﬁgﬁb&e@l Q{gggcﬁtfa?g% bsnrlﬂ?%dﬁ%‘?dn‘gléhnﬁ t he endogenous
core 01, 6- f walosydetaddedstie maSaT-citbipiedanabtitin Tdll6-ane fires/ltransfa@tecr m ned. The

| evel of antjbody-depende ell ul t ot oxi ci t DCO)..resulting from
over expr essi (SJJWPgl iaﬁnwgsug"ﬁ? %WLF@G%%&%E? ?@gﬂ%/a“génla%‘i‘@i t@e acid encoding a
pol ypept i de \whlhdlosylateli blipsshatchirides.t hat is | ocalized to the Golgi via different
| ocal i zag | domaj ns_i determned. .- 113- [0300] It is also determ ned

whet her @F%oenmﬁe@y"ﬁﬂ %B@)‘G?Sggn’ﬁ’lhﬁéﬁ%‘a*l‘%méimﬁmdiaﬁdt he anti body

pr oduci nghcelcbr_ﬁplei ﬁg%@ﬁﬁ%g&@iﬁ?dfémwﬁﬂwamﬁp@ﬁ&ﬂ of [Felaytied i de vviFt h Gal T
activity have jincreased binding affinpity to the human activating Fc

recept or Fcg&Aagedviakdoponriggos lﬁtgd W%F?%@%fe¢§wﬂﬁafﬁhm[@§01l The GalT

construcfogom | | OVdsE0iPeirBed HIR @ Qdténtide)if He dBRARGATAROMELEBLE
n1, 6-fucosyltransferase, gl yc,oengalsneerl ng, the Fe region of an antibody and,

con§equently,PrquW%%f%IFﬁéemPn[’ epsipecld eodivgaMapiGelelusiperi | e of an

anti - CD20 antbRpehYide) WHeRARAGAIT Qahlyft Kontat IsJodliRWVRGhE Madlt&RRNSI on and
engi neered for constitutive, high-level expression of both the reconbi nant

anti body and lesakizgtion slomainy beady minlyyite realeptoylateds (nopifespsylatedi @pédr ni ned. The

relative per GeRtagRedOhytrid® SpbifABAGERHelRRBeP Whbig, etV RREI Neer ed
monocl onal anti body produced 1(332:/1 the stable BHK-1502-28-11 <cell line are
al so det er ni rdid-type GalT and to the GnTI-GalT fusion, the Manll-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
assignment 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 01,6-
fucosyltransferase, Manll and GaTIl enzymes is determined. 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.



EXAMPLE 5 Materials and Methods 1. Construction of ManE and GnhTl |
expression vectors [03031 For construction ofthe ManE expression vector, a
human mannosidase |1 (SEQ ID NG 17) cDNA was subcl oned into an expression
vector plasmd downstream of the MPSV pronoter and upstream of a synthetic
rabbit beta- gl obin polyadenylation signal. For the GhTll expression, an
expression vector plasmd is used with the human GhTIl c¢cDNA subcl oned
downstream of the human CW pronotqr?enhancer and upstream of a bovine
growt h hornone pol yadenyl ation signal. -114- Comnbination of the expression
vectors with the repllcatlon origin oriP from Epstein Barr virus. 103041 A

DNA frag wth ol 1l into the
Manl | @§a§3|on %%% es%%?%h%ﬂgﬁag%m' glvgaﬂthT expresglon vect or
pCLF9. A DNA ekpreagwa i thmanﬂrbody pldidngsehs bmedtleasacitbacoditgea fusion Exanpl e | into
t he GnTl | expr

oGl 2. T BROPET A et R 58% i ihe By BB OBER TR e anBIRI 1y orowing

HEK293- EBNA aewaangmmcepmﬁsgaammﬁrfodmsﬁmmecwugmanamn e 1. For the

product i f unnpdi ti body éﬁ re transfected with
anti bodyﬁg%gr essm}h ‘{“/f’é'g g‘(%sé”i‘ 3‘2@)’1’3@8? a"?‘ﬁ‘éy e&?ﬁ%&ﬂp%ﬁ P the

gl ycoengi neemeide-finbdyRatsferadedd glycoenpiheriag ileSFoMRERN @Fah aAtitdigabdd w th two
pl asm ds, one for antlbg§é ﬁB sion (pETR1520) and anot her for fusion
GnTl | polypéﬁ??ﬂﬁm P EgETR1519) at a ratio of 4:1, respectively.

For the maexucti Omth&hgthQcW@@@ﬁw ﬁ%rdﬂd GI0! EBHH lﬁmucedﬂ@ncel |'s were co-
transfectedw th t pl asm ds, one antl ody expresslonwépETRISZO) one

for fusion é-‘rﬂ*’rrsqt”sww%m%n@% gqsawere for

mannosi dase lek m@i@ﬁbmmem(«,a@ﬂﬁa:m'bo@rahahﬁ@wabo@péphammﬁ@mctI vely. For
t he productlon of the glycoengjneered antib "Cg", .the cells are

co- transfectéHPVWﬂﬁdﬂﬂﬁmﬁpégmqﬂyweRﬁ%@@%?°§HFﬁ%@ﬁV“@@ﬁF@§§W6n ( pETR1520) ,
one for fusi c@hgnbérembﬂda&amlad@bod%ﬂaa&%&bpme catid Blx1Bhz-20ne for

mannosi dase II expression (pCLF9), and one for
cell line are also determined.

EXAMPLE 5
Materials and Methods
1. Construction of Manll and GnTII expression vectors
[0303] For construction of the ManIl expression vector, a human mannosidase IT

(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 downsiream of the
human CMV promoter/enhancer and upstream of a bovine growth hormone
polyadenylation signal.



GnTlIl expression (pG1Tll) at a ratio of 4:0.33:0.33:0.33, respectively. 3.
Production and purification ofunnodified and gl ycoengi neered anti bodi es

[ 03061 The culture medium of the transfected cells above was repl aced by
fresh culture nedium approximately 16 hours post-transfection and the |ater
medi um was then harvested after culturing the transfected cells for a
further 120 hours. Harvested supernatants were centrifuged for 5 mn at
1200 rpm followed by a second centrifugation for 10 mn at 4000 rpm and
kept at 4C. -115- Antibody purificatgon [0307] Mnocl onal antibodi es were
purified fromculture supernatants using two sequential chromatographic
steps, Protein A chromatography and cati on exchange chromat ography as

descri bed i rodmtAERbE of the FeRbre@ibin! ROEICHIIE We FeplfcPdndorieifBHP G¥n an addi ti onal
si ze excl um&%egl L BEe0r aphy step using a Super dex col um( Amrer sham
Phar maci a) and phosphate buffer saline was added after the cation exchange

st ep, a@g ‘ﬁhe m)réomeri c anti pbody peak was_collected. 4. Q. gosaccharide
Anal ysi 93¢49308] AP SagpehMiRed Wassubokonsd srdescalsd 1 ExampleldB® from t he

anti bodi es itli\s;l\d’ﬁﬂﬁ'éﬁir@s@io@%d?&@%&ﬁ&ﬂb@%ﬁﬁ%ﬁ&ﬂﬂ%&shgﬁde&t& Example 1. Use
of Endogl vcosi dase di gestion of PNGaseF-rel eased oligosaccharides for the

assi gnnent ACLEYpA TN dfragmantwithriFgsaheloncd e descrdhed inixample ItigtovaL DI / TOF- MS

neutral ol i GRSEATINakiEGioR S8 deRAB abbhetoFHPEETIE elpasienl vhdrgosacchari des
wer e subsequently digested with Endoglycosidase H(EC 3.2.1.96) as

described i P3Hnpl e 1. MALDI/ TOF- MS 10310] Sanpl es containing the
enzymati c digests containing the rel eased oligosaccharides were prepared

for and subsequeptlyran o OF mass spectroneter as described in
Exanpl e 1. ? Cel F%&ngﬁg%%g%lﬁati on [03111 Peripheral bl ood
nononucl ear cells.(PBMC) were prepared using Hi stopaque-1077 (Signma

0 onosiing, 1, pambRY BoudRORRES B S oUbASRRRRLL Y e
described in Example 1. For the production of unmedified antibody “Cwt”, the
cells were transfected with antibody expression vector (pETR1520). For the
production of the glycoengineered antibody “Cbrt”, the cells were co-transfected
with two plasmids, one for antibody expression (pETR1520) and another for
fusion GnTIII polypeptide expression (pETR1519) at a ratio of 4:1, respectively.
For the production of the glycoengineered antibody “Cm”, the cells were co-
transfected with three plasmids, one for antibody expression (PETR1520), one for
fusion GnTIU polypeptide expression (pETR1519), and one for mannosidase I
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 GnTII polypeptide
expression (pETR1519), one for mannosidase I expression (pCLF9), and one for
GnTU expression (pGnTT) at a ratio of 4:0.33:0.33:0.33, respectively.

3. Production and purification of unmodified and glycoengineered antibodies

[0306] The culture medium of the transfected cells above was replaced by fresh
cujture medium approximately 16 hours post-transfection and the later mediwvm
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 tpm and kept at 4°C.



-116- 6. NK cell isolation [0312] Human NK cells were isolated from PBMC
applying a negative selection procedure as described in Exanple 1. 7. ADCC
Assay [0313] PBMC as effector cells wereprepared 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. 8.

FcgammaRI HA bi nding on NK cells [0314] The binding of FcgammaRI || A on
freshly isolated NK cells and the _jpinding of FcgammaR[ 1 b was determ ned as
described in Exanple 1. 9. Conpl enent dependent cytotoxicity assay [0315]
Conmpl enent dependent cytotoxicity assays were perfornmed using antibody

di lutions ag %w&f&ﬁfﬁ&ti})ge nmet hod described in Exanple 1, with the
following noarrtcatron ror the preparation of the hunman conpl ement source.
Briefly, normal human serum (NHS) was prepared from bl ood of healthy

vol unt e The MPsiBhd; g}g&,;‘ohen centrifuged
at 120@Bgﬂfor 2810%18%? Thggé:dé%}e@%rptggﬁgdu%%Lgt?rggﬁﬁgdea%{%ums al i quoted and
stored at - sgmentil4bromatogpbig steps2Fyoterh Aj eladmaiegephyvaidusttionrResul ts and

Di scussi on AVAeTalTalet! | - Faen himeric 1gd
ant i body (géégé%cgrrerl %h?%@%%gbyﬁg% n%f\zni?"‘%g“b?’i%% n’agglg’were produced by
co- transfeand ogl,euhkdditions] sk exriusiva chramatoglaplyy siopubingaSipendsx 30r expr essi on of

tra . . |
pol ypent | deco i e HEPRERRID Bl en UK ERE e M ARTIERR N0

gl ycoengi neeatdh excitanpogisp, ariltife muemnsrio antitodpperb wamcdlettyd.co- t r ansf ect i ng
cultures of manmmalian cells with vectors for expression of antibody genes
and with vectors for expression of genes encoding polypeptides with GiTllI
activity, ne#nanosOlaeseschagdetAnglysly and GnTIl  activity. For glycoengi neered
antibody "Cbrt", cells were co-transfected with two plasnids, one for

i bod 0. TR 520), f f ysi Tl . pal id
axpr oS IBTRI, pETROBERERES e R IaLY Ak Fm ke mebedy | s

solution by PNGaseF digestion as described in Example 1.

Use of Endoglycosidase H digestion of PINGaseF-released oligosaccharides for
the assignment of hybrid bisected oligosaccharide structures to MALDI/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.

MAILDITOF-MS

[0310] Sarnples containing the enzymatic digests containing the released
oligosaccharides were prepared for and subsequently ran on a MALDY/TOF mass

spectrorneter 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, M063178 USA) following
essentially the manufacturer’s instructions and the protocol described in Example
1.



were co-transfected with three plasm ds, one for antibody expression
(pETR1520), one for fusion G1Tfpol ypepti de expression (pETRI 519), and one
for mannosi dase || expression (pCLF9). For glycoengi neered anti body "Cny",
cells are co-transfected with four plasm ds, one for antibody expression
(pETR1520), one for fusion GhTlIIl pol ypeptide expression (pETRI 519), one
for mannosidase Il expression (pCLF9), and one for G1TIIl expression
(pGnTIl) at. An unnodified (non-gl-yi¥eengi neered) version of the sane

anti body, "Cwt" was produced by transfecting mammalian cells only with the
vector for antibody gene expression. The transfected cells were kept in
culture for &ive NKydlissistionhe secreted, reconbi nant anti bodies were
purified fromthe culture medium Expression of genes encodi ng pol ypepti des
with G1TIIl and Manll activity did not have any significant effect on cel
vi abi |i ti§312tel | dgihominNEorellawetemobited fomdABME applying alegetive ecl¢ctiocel | s not
produci ng such gl yc | t.r ansferase. or glycosi dase polypeptides. [03171 The
purified ant P]B(c)%]i eesaga Srcrébe?%ﬁmé%z? zed for their glycosylation patterns.
These antibodies carry N Iinked oligosaccharides attached only to Asn297
resi due of the h%&@@ch@&% Fc region. The oligosaccharides were
enzymatically renoved from anti bodi es by PNGaseF di gestion and were
subsequent |y anal yzed byMALDI / TOF-MS. Using this technique, it is possible

to deterging the BENICh didcef celh @R PiredlsdBRARRGERNCiaEEssSHBLHLES W thin the
total, original FEc-oligosaccharide population, and it is_also possible to

assi gn st r ucthsEedility do gpgdiate cptotaxicity sinj 1 PrEbadycPerepdqntyfesiialar p. et al .

Nat ure Bi ot e@g}g&mﬂcﬂgmg&gp&@%%m[ﬁqﬁ d1Figure 26 shows the neutral
ol i gosaccharide MALDI/ TO~-Ms profile fromthe unnodified, reconbinant C2B8
anti-CD20 chineric g3 antibody Cwt. As for the unnodified anti body
previously descrimganRiDAbHdigy dn NKicellsr € 5, Oat -118- had atypi cal

ol i gosaccharide profile, with peaks at mz ratios of 1485, 1648 and 1810
bei ng consistent with biantennary, core-fucosyl ated, conpl ex

ol i gosacihe] i des Thiettindipg df Fegamim@REE ac theshdy iselsted IS celisemydabe i vel y.

Engi neering .0f. the.anti - dc"n cel | xpression of anucleic acid
encodi ng awaR’i“P’Pgéﬁ‘?ﬁg?‘ﬁ’*“ﬁuﬂse gﬁg%b VB&hEs éeec,rl \?\ﬁ%‘r%mt%ﬁf;ﬁGﬂM catal ytic domain
is localized via the

9. Complement dependent cytotoxicity assay

[0315] Complement dependent cytotoxicity assays were performed using
antibody dilutions according to the method described in Example 1, with the
following modification for the preparation of the human complement source.
Briefly, normal humean serum {NHS) was prepared from blood of healthy
volunteers. The blood was allowed to clot for one hour and then centrifuged at
1200 g for 20 min. The cell-free supernatant serurm 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

GnTII activity and mannosidasell. An additional glycoengineered antibody



Manl 1 Gol gi localization domain led to the production of an anti body (Cort)
where the majority of the Fc-oligosaccharides were bisected, non-fucosyl ated
hybrid (see Figure 27). As described in Exanple 1, endoglycosi dase H ( EndoH)
was used to confirmthe assignment of bisected non-fucosyl ated and bisected,
hybrid structures to the different oligosaccharide peaks observed in the
MALDI profiles. [0319] Engi neering of the antibody-producing cells by

co-expression of a nucleic acid engeding a ManlI-GTlI1 fusion pol ypeptide,
where the GhTlI|l catalytic domain 1s localized via the Manll Colg
| ocal i zation domain, and a nucleic acid encoding Manll, led to the

producti on ant | > QL

Fc-oli gosac%%%dgggdmﬁégxﬁléﬂésgg@%# gsu%%atﬁled& @%‘r"ﬁp‘?gefw(s see Figure 28).
Engijneeri ng_ of exlirﬁ;’m?tdfbmlgpdﬂ'l lp;ge@dndwiﬁebdcmg@?m%ewmne' ?l‘sgames _(I)_1|‘ I ? nu;:l Iei ;:
aci encodi n nl - u n,.p: eptide ere catal ytic
domain is I%?g?icﬁ?gz OyRgpUdey yih (o lfﬁgﬁl&’\éﬁﬁ%ﬁdﬁ?gﬁ%ﬂ yd?ﬂ‘?&?‘ﬁ&a nucl ei ¢ acid
encodi ng dl\/Bﬁa:ﬁviagnCFcﬁ g@u@dngiﬁleered:hrﬁb@dycm%mg:ﬁww&hsfinaﬁsi&tadﬁwmhg production of
an anti body .where the majorit) e Fc-olj gposac rides are

bi sected, non~ %%@b%@?”ﬁ%@&nl? Ie@??ss%ﬂﬁ?ﬁ;mfs?@c?‘ie;ﬂr fﬁ?m‘b ’2@ ed,

non- f ucosy! agdthepiitiekr¥ssios (PEIR1309) Sxbr Syt RO SiAcEdIANtBIAT “EMe/telld gher than that

of antibody On. [0320] Figure 29 shows data denonstrating increased

ant i body- dep¥ffgetf-transiorted; | with hiep Rjasmids yoneafRsCratibedy)| $5PRES9Y om expr essi on
| the anti besyRPGRA s REfusisRCHEIRb RS Bicki AT HITRToAGue Manl - GnT! | |
a

fusion pol ypeptide, where the ca ytic domain is |gcalized via the
Mani Col gi ~ | & meruesidess Al crarsasion CCTFB, Ror glyeodpainpredgmtibedy. ‘Smeodi ng nucl ei ¢

acid is expresigesk @bifiecRd WHE OWpladnBid, | RRMr GRfiloly Oxphel@sidxPr essed in the
ant i body producing cells together wth a nucleic_acid encoding Mani (Cm.

Therefore, i ®ETRAROhgne fefupian EpTigtpobpertide expressipr@ETBLYSY Por fen _
0l | gosacchar istufisiize Bl chiBlsiohtGCHBI) o8l o fo O ﬁeﬁréﬁmg%r?@i tF)e/ region of

t he gl ycoengi neered anti bodi es [ edds to | ncreased A -119-

(0321] Nat ur-Anurnediéed (pougtyesetdingersdversinmaiithe sanrantibgsiyr tGwit waedi at or s of

ADCC. These gehl-s Y E%ﬁf”‘ [ali oY Rl flp%ﬂgnm receptor
I[11A also ﬁrﬁol\l/?nd%g&%ﬁ%gg I néih%{{eg the cgfégg)}lo%%ﬂ}%? the target-cell
bound ant i boefpession. t heFgafentaiiellsAvare ke o peltuonforifive dryssandghessent i al  f or
crosslinki ngseglfeteh,hf'e%gmbinant antibodies were purified from the culture medium.

Expression of genes encoding polypeptides with GnTIII and Manll 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
Asn297 residue of the human IgGl Fc region. The oligosaccharides were
enzymatically removed from antibodies by PNGaseF digestion and were
subsequently analyzed by MALDI/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 IgG1 antibody Cwt.
As for the unmodified antibody previously described in Example 1, Figure 5, Cwt



receptors on the NK cell and subsequent induction of ADCC. Therefore it is

i nportant to eval uate the binding of the antibodi es produced by the nethods
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 antibodi es produced by expression in the
anti body producing cells of a nucleic acid encoding a fusion pol ypeptide
with CnilflIl activity, expressed eidib®r on its own (antibody Cbrt) or
co-expressed in the antibody producing cells together with a nucleic acid
encoding Manl I (Cm, have increased binding affinity to the human activating
Fc receptor EWbﬁéo&acchﬁﬁeFmﬁldwﬂpraBmwiaﬁésdfhesﬁm@&SayS, t hese

anti bodies h Increased |l evels of bisected, .non-fucosyl at ed
ol i gosacchar %@s bong FOBNEERt Yil, bipdennay; e%%rF'éWOFﬂatecﬁhé?"’&H{ei‘ body- pr oduci ng

celI's of theofigisicaRuriaed yReML the WhdidbtdsP khilthesa@ipettively. Kddddating Ther ef or e,
i ncreasing the | evel of bisected, non-f ucosyi ated ol igosacchari des of

ei ther the h{bhsmtibedycspgicing cellsbx expieseiprofpaiglagscidengedingpdandl-y c oengi neer ed

anti bodi es | eadfr fufoh pst Ow e 8 TITM oY tic dpRailNKIe Rl bSvik@gd 1n this
assay were from a donor of a genotg/%e t hat "does not express the FcganmmaRIIc

receptor on MGl lecalizatiop jpmag ledTo the prafuctign of pamibpdy (@Erhods
258(1-2): 85- P : r surface of
(1-2): 85 Qfede %gbnty-m%{eq;cg@?agb&ag@s XveF&blge%&ﬁpﬂ&-fggd%}é he

these cells is actrvating FCgammaR | A receptor. ( The bi ndi ng
dommi n of t hé&yisk(beeHigurey TFdgainsreiRed in Bxaepe btendoshsogadaspBi(Endolfent i cal to t hat

of the FoampRLlehfy oo heh leYbent AP oANRYRA 15 froBlyhied AiibiBLiee  that

gl ycoengi neered anti I es ere can to 1ncreased effector
functi ons nediaidstiudyrestofiwdiBrrers eligesanthaside agaknopseitved oM RI| | B, such as
pol ynor phonui;,lf0 (PWN) cells, including release of toxic products and
phagocyt osi s ?gse'ff, M E. and Heard, C. Crit Rev Oncol Henmatol. 40(1):25-35
(2001), [036%on, Finginkammg of ReantiYodyrnrodhcingcElsty3e-8xpréstiodFanufleicet ch, J. V. and
Bolland S. A . Rey. | .275-90 (20 . é?ﬁn .4) Cbrt, an
anti - CD20 an?ﬁgg%f:y&agg&ui;c}wed@%%mifg??%g%ﬁ)gf?{rl\%ég’é%&fﬂ%)er expres 6n of the

nucl ei ¢ aci d demaiodilomglizedfviesheWagdOGylgeptalideiondotaitnaidlanueleiciavidt y and

| ocal i zed to the. i .via.the nll .locali i on, dopai n. was .tested also for
conpl enent rrg&cl(’g’("g&{%slﬂmmw OH&’fﬂa@ﬁ{é?#@ﬁgB?ﬁﬁ’gﬂ? i%n that is not

_ 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 ManII-GnTIII fusion polypeptide, where the GnTI catalytic domain
is localized via the Manll Golgi localization domain, a nucleic acid encoding
ManIT and 2 nucleic acid encoding GnTII, 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 Fe-
attached oligosaccharides even higher than that of antibody Cm.

[0320] Figure 29 shows data demonstrating increased antibody-dependent
cellular cytotoxicity (ADCC) resulting from expression in the antibody-producing
cells of a nucleic acid encoding a ManIf-GnTII fusion polypeptide, where the
GnTI catalytic domain is localized via the Manll Golgi localization domain,
where the ManIl-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). 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.



dependent on Fc receptors on imune effector cells. The vast majority of the
ol i gosacchari des of this glycoengi neered anti body were of bisected hybrid
non- fucosyl ated type. Reduced CML 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, negiated by CM.. Qther significant

CML- nedi at ed si de-effects have been observed for anti-MO anti body therapy
(van der Kolk L.E. et al. Br J Haematol. 115(4):807-11 (2001)). However, it
I's possifiaze] 10 PrQAHATilledNIOREBIMTGERNWR D RiHnhHRHI B&diNbs Bf ADeteased ADCC
activity and FcgammaRJI | bi'ndi ng, but w thout significantly reducing CM.

activity rel Bhesyeelsgarnen thaissrdace ithepctivating Segammesrepaptor AlAC#Ee of antibody Cm
(Figure 31)-h§%fasleﬁf1f&?%&§gof\ﬁ%tﬁc%g?& Qﬁcﬁé%{”gﬁi—ﬁumﬁn@aﬁmd(ﬁ tions where

maxi mal target cell elimnation requires b gh ADCC an " hi gh conpl enent
activati on atdicgnmaRiiliAviegeptors arhidKoiellsyis sesentivd for gtospngiglof hegescri bed above

show that is j e 650 ] : e ' i.es where a

maj ority of Fﬁ%ﬂé—% %ﬁ%@%eﬁ%@%’%ﬁ%ﬁ%@ﬁh&ng]rggébfﬁ?{?g&ﬁﬂs{ct ed,

non- f ucosy! aimpdrtewrip Eestuateytbe binding ef theaitibodiss iptbdugadebyiiie owthodx pr essi ng t he
GnTlIll fusio i r. I i jng Man

(anti body esglﬂextag’gté‘lf ﬁgf&%ﬁ}% p#@gi}l&t@rﬁg&%@gﬁtgﬁfﬁg @}&‘Eﬁ and with a
nucl ei ¢ aci dwbith deibngaGmithine effedtorvoliydilaydhem THeuwg B) deengiraeer ed anti bodi es
have i ncreasgd ABCC ctivity.and increased FcgammRl LI binding affinity that
correl ates mﬁ?%g Retr ?%%#%é%@@w?év%“g oﬁyﬁﬁgg%(gduhgﬁ- 5@8@§Iated

ol i gosacchar pdwingmails of 4 maileic AN emotling iatfysiompalgrptide with GhEIF r acti on of

conmplex oligosaccharides..increases relati 0 the fragt.i of hybrid
oligosacchar%%% RE?H§§ °¥ﬁ?§“éﬁd“?hé“%¥@%¥§ﬂi“%%EWSF%§%H33§=described t he
exFressipg O@ﬁﬁ?hQETbﬁmgMﬂBH@?&&i@ﬁKﬁEm@mﬁﬂﬁhﬁﬁgﬁﬁﬁﬂﬂﬁhﬂMﬂ&fF Ehe Lusipn
pol ypeptide is |localized.,t e i.C ex a as_a_catal ytic domain
t hat conpet eglc’{ﬁfs[eggglﬂ‘&é %YJE) tg? W&F?Vﬁ%#%ﬁsﬁe?g% F?%?P’%%&jg sacchari de
acceﬁ% Ors prAYinest o&bd/armaﬁfbitﬂdfémb@ ;5335@, thes’bﬁﬂﬁboﬂjaé mvymgdasﬁ@mm olnis. )
Reconbi nant [copr. ot ei_ns produce y.su engi neere ost .,cell s have
i ncreased | e¥dTiectsd nqgce §Vﬁ§?%ﬁ3%F%@§?E@ﬁ%§FPH@§Fm#ﬁﬁ@nﬁbxanple
denmonst r at estheR@bodPpRURIBSRILOGK thefubibe PoliiRplideGAtH GuTIfl aBfikelyei C aci ds

[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 donor of a genotype that does not express the
FcgammaRIlc 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 FcgammaRITIA receptor.

{0323] The binding domain of the activating FcgammaRIIIB receptor is almost
identical to that of the FcgammaRIIIA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to increased effector
functions mediated by effector cells displaying the FegammaRIIIB, 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. dnnu. Rev. Immunol. 19:275-90 (2001)).



encodi ng Manll 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 Manl - and/or GaTll-encodi ng nucl ei ¢ aci ds. EXAMPLEG6
Over expression of a-Mannosi dase Myhgcul ar cl oni ng Human a- Mannosi dase |

[ 0326] The gene coding for the human a- Mannosi dase |1 ("hManJ") (E.C.
3.2.1.114) (SEQ ID NG 17), under the control of the MPSV pronoter, was

cl oned | n exp L.on.: : § Nl | . _The resulting
expressp%%ﬁvectOFB%%%EQIﬁgﬁgﬁ%ﬁ%ﬂ&%&ﬁ?gﬁg8&§§$é£#ﬁ%%%%b &5 on vectors
codi ng for affiiee hiclid acd endoding 2 fokian polypeptifie withtGnTOD20tivipnaxl onal anti body

were respectively pETRL842 an 3..(Fi.gures 3 n 2C). Fusion
protein I\/anlcl?c- eflfo?%g%l]g’ ﬁa%gj?d%ﬁ{gjrlcgﬁzgpépé e ﬁ%?%@? ?f%ronsi sting of the
bManl | | CTS ajﬁfilptehﬁntf medigéd/ Tysie (GBIIR) @ differdnh effédtitm‘ﬂ’ﬁndﬁon that is not g

1, 4- gal actosyl traansferase (M22921, argno aci 126- 397 s constructed as
descr s bad baFBTISHAR Eh RIS TR B SRS s s FEUBIRY Y ek £ om pETR1484
ol 11 00 US| 5 CEaLang Eae o S acal Ty The AbanLI CTS vas conbi ned
anplified usjin an rom. pBlu , e nl, was combi ne
with the cattj’é‘chYlF“ﬁ H@ﬁ‘aﬁﬁd“(ﬁfds%ﬂ‘m?‘&’ ‘Bi‘)”'t‘g’ﬁ?’f"%il ﬁoﬂgﬁeéﬂmé’ﬂyn control | ed by
the MPSV pr aiBibpared tothd-imtdodifiedAstiboly Twt \#igire 352 Fbr gaiapphdGtont ai ned from
pBlueGal T. The gene cading for GE‘I T was s& uenced, (SEQ. I D NO 16):

MRLREPL L SGSAK iR Arsrgaped ARG iyt g mpy be desirable, for

L PQLVGVSTPL (dhinpleofio et Shi deebtd, Gheh2b PREk 80 St b ddelze]s atthé tumor
VDSGPGPASNL TSVPVPHT TAL SL PACPEESPL L VGPML| EFNVPVDL

EL VAKQNPNVKNESeesisias by ShicDier sippfgant EMLgedaled sigo-effects have been
VLQRQQALDYG ohkedrbd T | aitiiysh Libdd bbb Rah (Y h&IYV LE. e al Br J

Haematol. 115(4):807-11 (2001)). However, it is possible to produce
glycoengineered antibodies with increased ADCC activity and FegammaRTII

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 Fe-attached oligosaccharides
are of the bisected, non-fucosylated complex type instead of hybrid type by co-
expressing the GnTTH fusion polypeptide together with a nucleic acid encoding
Manll (antibody Cm) or together with a nucleic acid encoding ManIl and with a
nucleic acid encoding GnTII (antibody Cmg). The glycoengineered antibodies
have increased ADCC activity and increased FegammaRIII 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 previoulsty modified via GnTL-



DLI PMNDHNAYRCFSQPRHI S VAMDKFGFSLPYVQYFGGVSALSKQOFLT | NGFPNNY W GW

GCGEDDDI FNRLV FRGVSI SRPNAV V- GRCRM RHSRDKK

NEPNPQRFDRI AHTKETMLSDGLNSLTYQVLDVQRYPLYTQ TVDI GTPS [0328] The 5 of GalT was
anplified with CF32/CF38 and a Fsel restriction site was added in front of

t he gene. The sequence was found correct by sequencing and exchanged in
pCLF24 by FselL'Dralll digestion (pCLF26). The Oi P was added to pCLF24 and
pCLF26 to generate respectively pChER5 and pCLF27 (Figures 33A and 33B).
Expressi on of a-Mannosi dase and Manll-GIT in HEK 293-EBNA cells [03291 HEK
293-EBNA cells were transfected with the cal ci um phosphate nethod. Briefly,

for the t j @Rt kdtdid d 24 h
or the trangfafedd oatiods. QieI&m%ﬁ/Ean’{/%ﬁ?idgggt%:m ,odiﬁlzdﬁy WRH SngRREE ours

before transfection in 28 m 250 g/ mL neonycin and incubated

at 37C, 5% dost wliehpicghereaseddyels of sen-ducesylateds pligasacshandes. hdhisy ansf ect ed, a

sol ution of e $ehdrtrABdihat\ & &hred@ch i?i%‘u&?‘h@s@g@%sd@ﬁﬂcﬁfb sfhisg- total plasmd

vector DNA, 469 pl of a 1M CaCl2 solution, an ding water to a final

vol ume of 938odingoMenill gnder GnTEntopdiss with B aboBo AigHERESEPER0 MV NaCi, 1.5 nM
NaZHPO4sol ut wggr%tnugl'éit:?acﬁg’, B8 to gﬁigig%a&gg ﬂi@eﬁéﬁﬂ?ﬁ%@ﬂhﬂo%}’dsf or 10 sec and

left to stan room tenperature e suspension was diluted
with 24 m compivEnstead pf bybmdt digosatchiwidzsmand-therefara do thd denthess afthe T150 i n pl ace
of the exist} i : | - =1 37C, 5% CQ2 for
about 17 to %%%ﬁ?‘é%ﬁlggﬁeg%ﬁgﬁPﬁﬁ&mgg%iegg@ﬁfég%%%ﬁ%% DVEM  10% FCS.
[ 0331] For trelstiverig glytrprateivdpmbsedinselld ot ef-¢xprassiopthe Mamllf arwidmy| t r ansf er ase

conpetiti on,G#ﬁg DS REE ansfected with pETRI 842, pETR1843 and pCLF9
at aratio© ?D%S‘&]L%%specc %‘ely. For the fusion protein Man]-@&I1T, the

cells were transfected with pETR1842, pETR1843 and pCLF25 at a ratio of
2:2:1 respectively. At day 5 p%eﬁﬁfecti on, supernatant was harvested,
centrifuged for 5 nun at 1200 r ol'owed by a second centrifugation for
10 mn at 4000 rpm filt @vedx@mesdiok epd-MahnobidasePuri ficati on of anti-CD20
nonocl onal anti body [0332] The nonocl onal antibody was purified from 30 nil
of supematant by two

Molecuiar cloning

Human g-Mannosidase II

[0326] The gene coding for the human o-Mannosidase II ("hManIl") (E.C.
3.2.1.114) (SEQ ID NO:17), under the control of the MPSV promoter, was
cloned in an 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 ManlI-GalT

[0327] A fusion protein (SEQ ID NO:20), consisting of the hManli CTS and the
catalytic domain of the human B 1,4-galactosyltransferase (M22921, amino acids
126-397) was constructed as described below. The hManll CTS region was
amplified by PCR from pETR 1484 (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



step chromat ography, involving first a Protein A chromatography, to separate
the nonocl onal 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 [03331 The nonocl onal
anti body sanple (50 g) was incubated with N dycosidase F (reconbi nant,
Roche, Switzerland) at 0.1 mJI|. The digestion was perfornmed in 2nM Tri s,
pH7. 0 buffer for 3 hours at 37C. Thearel eased neutral oligosaccharides were
t hen i ncubated at 150nM acetic acid for 3 hours at roomtenperature. The
sanples were then desalted with 0.6 ml cation exchange resin (AGOW X8
resin, hydraqggen. edﬁi%lp acked into a

m cro bio-spin C(Erogﬁeg‘%rgd%m co u%nﬁ%%ﬁggre{w@s{ﬁgycugfmw‘y& EndoH

di gestion [ G8@®hoeR{BE@RENS L reI eased ol i gosaccharides were digested with
Endogl ycosi dase H (EC 3.2.1.96, ROCHE, Switzerland), an enzyne cl eaving

bet ween the N-acetyl gl ucosam ne residues of the chitobiose core of NIinked
-124- ol i goSMBRERBPLIISAAMPGASLQRACBLLY AYCIAL HUIGBERLWENY LAGRPLERZYy e wi | |

cl eave oI| | ex type

ol i gosacchar %@W@&W&W%@@%%?&gg@%@ggs wer e

di gest ed w tSPVWIDSGRGHASNIASYPYEHIYAASEP ACPERSPRENVNGPMIIEFNMPYIA. The di gestion
is perforne i i ihcubated 3 hat
room t enper gﬁﬁ@é&ﬁgm@%@ﬁ%ﬁv@mﬁm| ted with 0.6
nil cation XCORQQEDYEFY VINGNEDYEXR AMETINY GFOFALKDED YTORVESDY0- 200 nesh,

Bi oRad, Swt and) i i i 0 i I phy col um

Coi orad, switae AR LR LR AV Grol OB OG A ESRERMAL

2, 5- (cjii Ey(cjir OWMGW@}HMDWSMNBWMSWIG?OI vi ng 2I rrgf of
2, 5-di hydro inlnl o
et hanol / 10 W%MMP@N%LT?Q%PW%@%&@% e was applied
to a stainless steel target, and | of sDHB matrix was m xed. The sanpl es
were ai r d§]| ed a [}'ge 5’0% GalTestars]gnrJ&gﬁe\ga mth%?‘gﬂc%% 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 (pCLE26). The OnP was

added to pCLF24 and pCLF26 to generate respectively pCLF25 and pCLF27

(Figures 33A and 33B).

Expression of a-Mannosidase and ManII-GalT in HEK 293-EBNA cells

[0329] HEK 293-EBNA cells were transfected with the calcium phosphate
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 ug total plasmid vector DNA, 469 pl of a 1M
CaCl, solution, and adding water to a final volume of938pl. To this solution, 938
pl of a 50mM 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 2t room temperature for
20 sec. The suspension was diluted with 24 m! of DMEM supplemented with 2%
FCS, and added to the T150 in place of the existing medium. The cells were



MALDI / TOF anal ysis 103371 The MALDI - TOF mass spectronmeter used to acquire
the mass spectra was a Voyager Elite (Perspective Biosystens) equipped with
del ayed extraction. The instrument was operated 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 External
cal i bration using oligosaccharide standards was used for nass assignnent of
the ions. digosaccharide profile #8381 The oligosaccharide profile of the
anti-CD20 anti body produced in the presence ofManll is shown in Figure 34.
The ol i gosaccharides found associated to the Fe portion of the antibody are
conpl ex st r izhbkidsat W8P B CRifeNabodCly ol by, @nd MeGA&lun] RRs 8- Maunosi dase ||
conpetes with the core-Fucosyltransferase, generating 48% of

non- f ucosyl ﬁpwe%m%&%@m%%ﬁqsuctur es. In the absence of -125-

a- Mannaggi@dase | 1z, tha: gl gas ifs) t . j the anti body are
corrposcelgjjézly ofF%ru%%glyg/lﬂé?? strglg%sgfgseq%s& dcfﬁgpfg&gﬂt{r%%%ﬁ. [ 0339] The

ol i gosaccharéwiestipom thclcellsoferetranstentsd vEbDPBE TRIIAZIIR | p420ddpEFdat t he presence

of the fusi r N 1T s - i 5AsB. _As for a-
Mannosi das egFEfd,% 03??01 Ilegrf/%%‘Jgrych%r&eoﬁmg ﬂﬁé&eﬁ%ﬁgﬁh ‘%ﬁ@t?e*h.%ﬁé&i‘?’ﬁf?- GalT, the
anount of memsfdctedowith PEFR1912| pBETRERA3amiddpCEFZSuett arelio ioficrzhses. A high
per cent age of nan

- fucosyl ated structures consist (n hi nnose structures
(5 1200, FornBRlspy AL EEYpth FinsPf Mipbfan S8 bitelsd b PR Ugar o,
addi ti onal ¥93%mihhy R00dpm followdlbyasydoat echtrifugation fordd mieawsiobound (M z 1622).
Therefore, the sanmpl e, pr ged in the presence of the fusion protein
ManH GalT Sﬁ%{}%ﬁitﬁ%ﬁ&fgg&‘% non- fucosyl ated structures. Bi ol ogi cal
activity of antibodi es produced in the presence of a-Mannsosidase R or
fusion protel n.ManH Gal T 40] I.n qrder to determne the effect of the
action of a%ﬁ%@ﬁ%@giw““mﬁfﬁ? Yenzyme in the conpetition of the
core-fucosyl transferase, relevant biological assays were performed. The
sanpl es e tested for . in vitro anti.pody- de dent cellular cytotoxicity
( ADCC) [ﬁﬁﬁfor b ?PQCIP%‘R?‘WQOM%FPB’E W%’E%F%Hnwt’f"ﬁe surface of an
engi neer ed GlapkigGinhtogrbity, ikdtkind H@Er FBdikin A chromatography, to separate the

monoclonal antibody from the cow antibody present in the serum, followed by a

cation exchange chromatography, to buffer exchange the sample to PBS.
Oligosaccharide analysis

PNGaseF digestion

[0333] The monoclonal antibody sample (50 ug) was incubated with N-
Glycosidase ¥ (recombinant, Roche, Switzerland) at 0.1 mU/yl. The digestion
was performed in 2mM Tris, pH7.0 buffer for 3 hours at 37°C. The released
neutral oligosaccharides were then incubated at 150mM acetic acid for 3 hours at
room temperature. The samples were then desalted with 0.6 ml cation exchange
resin (AG50W-X8 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
Endoglycosidase H (EC 3.2.1.96, ROCHE, Switzerland), an enzyme cleaving
between the N-acetylglucosamine residues of the chitobiose core of N-linked



| RG bi nding on CHO 1708-37 [0341] The cell line CHO 1708-37 expressed on its
surface the FcyRIII A receptor (CDL6) and the y chain of the FcyRI receptor.
The expression of the FcyRIII1A receptor (CD 16) was assessed by FACS

anal ysis using the 3&-FI TC nonoclonal antibody (Figure 36). The

CHO 1708-37 cells were incubated at 1 Mo/m in PBS, 0.1%BSA with
different antibody variants, at different concentrations (10, 3, 1, 0.3,
0.1 g/m) and in triplicates. The cgjfs were incubated for 30 mn at 4C and
subsequently washed with PBS, 0.1% BSA. Antibody binding was det ected by

i ncubating with 1: 200 fluorescein -126- isothiocyanate-conjugated F(ab')?2
goat anti-hu : : GRAAEREC ) for 30 mn at
4C. The fluore g%g@gﬁgs?%gﬁg? ta%/égrgg%gdr:{ri ng%%tbbr{hﬁ\e/&%%ﬁ%ﬁg%l?agédy vari ants was
det er mi ned onliggmafNESCaidi most (HBBriBi e i dymess, Bhersdosenpled) tygat i ng |i vi ng
cells. The fql i i i,ants were included in the binding assay
experi nment : 8@‘3?%“°‘%“%33&%§°gg‘¥ﬁ%n| | (a-Mannosidase 11) [0342] The anti body
produced0333] t he [Thestpsacchirides Were dizasteiasich 0.2 mUNEBajogmondiaseid t he FcyRI 11 A
receptor with hi r affini .han the wld type anptibodies,. In vitro

Ant i body- Dep&h %Pkuﬁ'@trwlm% 8iPFye E)é@?fggﬁé]hqg@rl fieral bl ood
nononucl ear  gRdosschAlB D erdREDafRA @ RAf 166 tUsipsfiturskt I 5ORRORCAA! (S gma

Di agnostics Inc. Loui s 3178 USA) .and: . follow ng essentially the

St. ,. MD6
manuf act ur er @4 sPhregyently desalted with O5ml sptionpxchapgraresin (GPONLE® rsiicen wi t h

heparini zed gydrbgdd E§ml 1Q200ThAA! SR &1, WRAzNRED pasked thid @mid#dbloor 1 min  at
full power in order to increase the percentage ofnatural killer cells (NK

in the bl oo semppgerRiv ek (PipRad) Syvitgert’8d1 3 with PBS not containing Ca
or Mg and | ayered on Hi stopaque-1077. The gradi ent was centrifuged at 400g
for 30 mn at roomtenperature (RT) w thoyt breaks. The interphase

cont ai ni ng t RELEETSIREC PIEPANILOBt ed and washed with PBS (50m per cells from
two gradigiis) anthehabV@slRfybdi¥oit Sield" blaHa({riB Aty Qehatddr b0 Nin at RT.
After rg.s)ﬁsss%ensi on eof t he peFI et 1with IgBS tkhe BMC \i\qggpe cou%t ed and washed

a second ti néisgyvingphmeiof ageAlngrrxabenzaoeid + ! meofd-metoxylicylihe cells were
then r esuspeg(qg(ﬂl { Qﬂto?%thmﬁﬁl\'&%&ous sodivm chloride 1:1 (v/v). 1 ul 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.

MALDI/TOF analysis
[0337] The MALDI-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 spectram. External calibration using oligosaccharide standards

was used 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-Fucosyltransferase,

generating 48% of non-fucosylated oligosaccharide structures. In the absence of



medi um for the subsequent procedures. [0344] The Raji target cells were
washed in PBS, counted and resuspended in DMEM 10% FCS, 1% 3 utamax at 1
Mo per m. To these, 1:100 calcein was added and cells were incubated for
30 min at 37C. Cells were then washed in PBS, counted and resuspended in
AIMV at 0.3 Mo per M. O this cell -127- suspension, 100 pl were added
per well of a round bottom 96 well plate. Antibodies were diluted in AIMYV,
added in 50 ul to the preplated tar_?fst_ cells and allowed to bind to the
targets for 10 mn at RT. PBMC as effector cells were prepared as described

above. The effector to target ratio was 25:1. The effector <cells were
prepared at 15 M o .per in ALMV mediym_and 50 |. were added per well. The
pl ate was in&%ﬂ@ﬂ& %Ffrhlewﬁﬁ?%g%ﬁn@;e}ﬂ*ﬁ@mmﬁ“ﬂf&e ESHFRre contai ning
5% C2. Cel | gorifksd obBsdtebobylhtedsthibuRBovitpfibady)of borate solution were

added. Killing of target cells was assessed by neasuring the calcein
rel eased®33t he nBWioliBvsaschanide prefils ofipn mti- GG atihedy rpdused Bhthe FI G 37). [ 0345]
Sponaneous r Mﬁ_\)ggl I E ALY o] ar get and
ef fector cel ?tegﬁgfo%sfgntl odi ég. x?%b%@g@g&m%Bdg%ﬁr%aned fromwells

cont ai ni ng oMagnasilaggdl, alseinities casechf tRRIcnpoIteiXMpal-Gabk fleanoagief of specific
ant i body- rmdh&%—%g?sﬁ@e!%'gg%s%@ﬁvﬁdgé&%ﬁ%%rgcﬁe%gesfgﬁgﬁﬁ?ﬁbgﬁ% ofnagad) [ (MR - SR)*

100, where X' 1S ecific-a 0 concentration, SR
i s the nean fisbsylasbstrodtuehennsision hiphaomsose etrehases (@aid 1MR, 1415tahé nean of Vimax

of the maxi rel.e EEXA LE. 7 Use of coendineer.ed Anti- EGFR

Monocl onal Zﬁﬁ%éﬁ}m ?@ﬁ/ﬁ enngcﬁssy(Bareldasggags’ﬁ%ﬁg’fgagéfﬁgﬁbﬁ%ﬂoﬁs wth

psori asi s calffucheyldeiebiaeswdrh foandyny'z bE2Ay Theefomsdtha sumpldy@dRcadinoc| onal
ant i body produced accaqrdi pg. to the f the inyeption. In particular,
the patient redaives °§é€%€‘3‘°?ﬁfﬂ??&ﬁ’§‘ﬂg¢ﬂfﬁ oG 5‘%‘8%’9@#@%&&" anti body at a
| oadi ng dose fghsyldsyhetires. Mai nt enance doses of 250 ng/ nR are adm nistered
on a weekly basis until conplete response is achieved. -128- EXAMPLE8

Biological activity of antibodies produced in the presence of a-Mannsosidase
II or fusion protein ManK-GalT

[0340} In order to determine the effect of the action of a-Mannosidase II and
ManJI-GalT enzyme in the competition of the core~-fucosyltransferase, 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).

| IgG binding on CHO-1708-37

[0341] The cell line CHO-1708-37 expressed on its surface the FcyRIIIA
receptor (CD16) and the y chain of the FeyRI receptor. The expression of the
FeyRINIA receptor (CD16) was assessed by FACS analysis using the 3G8-FITC
monocional 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 ug/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 fiuorescein



Use of d ycoengi neered Anti-ErbB2 Monocl onal Antibody in the Treatnent of
Met astatic Prostate Cancer, Metastatic Breast Cancer, Metastatic Col orectal
Cancer, and Stage IUb or IV Non-Snall Cell Lung Cancer. [0347] RhuMAb2C4 is
a full-length, humani zed nonocl onal antibody (produced in CHO cells)

di rected agai nst ErbB2. RhuMab 2C4 bl ocks the associated of ErbB2 with
other ErbB famly nenbers thereby inhibiting intracellular signaling

through the ErbB pathway. RhuMAb 2CG4¢not only inhibits the growth of ErbB2
overexpressing tunors but also blocks growth of tunors that require ErbB

| i gand- dependent signaling. [0348] A glycoengineered form of RhuMAb 2C4
made by the .gri. 0 pr t inyen 'oj_g can us a single agent
for treat nenl%m%&% orterrctt')orll1 -%F%f rlg(gl?@rygg%md%dggen I nd? eno@%@ﬁprost ate cancer
pati ents, ndmasnhekdascalvhe &6t GoavacRBA) frmt30eminsat 47€Et dhe dubrescexdeor ect al cancer
patients and patients. with.stage ED. or |V. non-small|l cell |ung cancer.

Speci fi cal | )}?@?Sf\tg rﬁ{te%lge gH5e ‘glé’ﬁ aﬁﬂh‘i‘}{&b"% ‘?’%Sng%f‘rﬁnﬁ’?egt%“r &d i ntravenously
(1'V) weekl y FACSSatibyr (BD Biescispek Sandlose CAY gafing livihk gellst especti vel y, unti |

di sease progression ceases. The antibody is supplied as a nulti-dose liquid
formulation (20 nL fill at a concentration of 20 nghnL or hi gher

concent r at i orhe folloRdkIhtibddy WhilidntsereihQaded il tat biblliag biameapirdienttay be practi ced
otherwi se than as particularly described in the foregoing description and
exanpl es. Nunerous nodifications and variations of the present invention
are possi bl ecits (wigthpeof) t he above teachings and, therefore, are within the
scope of the appended clains. [0350] The entire disclosure of all

publ i cat i onsMQIIlﬁ&ql'%‘PF&ildﬁ%ﬁ@nt s, patent applications, journal articles,

| abor at ory manual s, books, or other docunents) cited herein are hereby

i ncorporated by reference. -129- WHAT WE CLAIMIS: 1. A nethod for producing
a pol yp&3d2lde i nThe msibpdy produced amphei psésempe of o-MatnogidasedI @MmdBt cel |

engi neered t,Q ex S | east one. nucl.ei.c .aci.d_.encodi ng..a pol ypepti de
havi ng. a- Mar S HaCETRELA s eRarotiigherarini e nald (e metags. 0y VT e
production of a polypeptide selected fromthe group consisting of a whole
anti body ol £ey) orn e 2Ble0Y clif S loudfaBLys! on Protein that

[0343] Peripheral blood mononuclear cells (PBMC) were prepared using
Histopagque-1077 (Sigma Diagnostics Inc., St. Louis, M0O63178 USA) and:
following 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 kitler 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 containing the PBMC was
collected and washed with PBS (50m! 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



i ncludes a region equivalent to the Fc region of an inmmunogl obulin, wherein
said pol ypeptide having a-Mannosi dase |l activity is expressed in an anount
-130- sufficient to nodify the oligosaccharides in the Fc region of said

pol ypeptide produced by said host cell; and b. isolating said polypeptide

produced by said host cell. 2. knmethod according to claim1l1, wherein said
pol ypepti deproduced by said host cell has increased effector function as a
result of said nodification. 3. . -.R7rethod according to claim2,. wherein

said increased effector function is increased Fc-nedi ated cel | ul ar
cytotoxicity. 4. A nethod according to claim2, wherein said increased

ef fector fupednkion 108 dinGéeased Rt RN 4 RubKbeRdh D6 Well Hatdet hod accordi ng
to claim 2, erein said increased effector function is increased binding

t o nacr ophadgtibodss warediitted ipn ABEY: adldsd in 3 Witatherreplaigdepgptreai d i ncr eased
effector f 598 th Sinkl éﬁ%ﬁ i1pd; PRI I cells.. 7. A

nmet hod accor |§r{g %hot clll.la:&ﬁ%ﬁg, g@é?%@%?ﬁnpre@%ﬁ?b&ﬁ function is

i ncreased bjuaphrescps describadobyyee She @fector todarae dativonas 28ilnGha effectoni m 2, wherein
said increased eff I t1.0n, i Syhner ' signaling inducing
apopt osi s. %ﬁsxg‘fﬁé’?ﬁ%‘%d E{%&Q&Pﬁa ol a?rﬁ?%?ﬁgmﬁ@r%qe’%%%? agiraFAncr eased effector
function i spéirmellcirethtcieasdnidubited ford hoursdt A7UL inahumified atlnoxphdiod according to

claim2, wherein said.in ased effector . function is increased T cell
primng. - 1%"1‘?3“3‘15 ?tlﬁ (Fé?f %ﬁs HEE SIS ?}%W, i,‘bov@ﬁe‘?f&"ﬁa%ai d pol ypepti de
produced byongrhehehaddedCRining@¥ fatdat defis Wi GsLREBS) TRGsurRig BRLALeiDI Ndi ng as a
result of said  nodificatiagn. met hod, according to claim1l, wherein

] : 12., A
sai d Fe recEses ip &e megiumatier lysis Wit the besatssgivton @G Ahet hod according to
cl ai m Ydz4spher ei Gpofadbshs F@edsOF Sith QburbSirdne R obotain8GRRLy4rget and

effector cells but no antibodies. Maximal release was determined from wells
containing only target cells and 1% Triton X-100. Percentage of specific
antibody-mediated killing was calculated as follows: ((x — SRY/(MR — SR)*100,
where x is the mean of Vinax at a specific antibody concentration, SR is the mean
of Vmax of the spontaneous release and MR is the mean of Vmax ofthe maximal

telease.

EXAMPLE 7
Use of Glycoengineered Anti-EGFR Monoclonal Antibody to Treat
Psoriasis
[6346] 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.



14. A nmethod according to claim1, wherein said host cell is a CHO cell, a
BHK cell, a NSO cell, a SP2/0 cell, a YO nyeloma cell, a P3X63 nouse
nyeloma cell, a PER cell, a PER C6 cell or a hybridoma cell. 15. A nethod
according to claim1l, wherein said polypeptide produced by said host cel
is an anti-CD20 anti body. 16. A nethod according to claim1, wherein said
anti-CD20 antibody is IDEC-M. 17. A nethod according to claim1l, wherein
sai d pol ypeptide produced by said hgst cell is the chinmeric anti-human
renal cell carcinoma nonocl onal antibody ch@&50. 18. A nethod according to
claim1l1, wherein said host cell further conprises at |east one transected
nucl ei ¢ acid encodi ng an antibOQ%Qﬁgﬁﬁ gle, and anti body fragnent, or a
fusion protein that includes a régi onequivalent to the Fc region of an

i mmunogl obulin. 19. A nmethod according to claim18, wherein said at |east

one transect cleic acid an .anti - 0.ant [ body, the chineric
anti - human S}t%%?g@%?g? Qﬁ%ﬂ?&"ﬁ&@?‘ﬁt g Y?Eg':%? ?g%‘%ﬁ? meric anti-hunan
renal cel| °tMetestatg broghe c ?f?b%e it e?‘f loregidl chi mreri ¢
anti - human col on, $3fg;an bt st AGEShal antibody ING 1, the
humani zed anti-human 17- 1 A anti gen nonocl onal anti body 3622W94, the

humani zggd4gnt | - hREATASPE D @ Gl Blength, UiRiniRD oRRbnalAd@body (Rodabdd - human nmel anona
anti body directed alg)(e)lc:l%s %gqn | i oside R24, the chineric_anti-hunman

a3
S UANDUS- cel i GELY eAkditPoled gans RATES. RRAVBOACH tpslsghe aouped ohuman LOLR

anti body, ang8Bs with$th&E ErdE IRy blembad iherBPhibARg AfthiclirBmaimpVA anti body, an
anti - humanPSCA ant i body, an agﬁ- human CD22 aﬁti body, an anti-hunman CD30

anti body, arfueHeh heFreBmatbmag RigptabiSdpot only ighibits thegrayibedBt®B2ant i body, an
anti - human Qyd@xabdind A6 Rl aldd¥lbeks Rff0R teRRAYLB Rfndnt i - human CD52

anti body, an_antii - hunman CD138 anti body, an anti-human H . A-DR vari ant
anti body, arfeasndrutpigRaBEEPCAM  anti body, an anti-human CEA anti body, an

ant i - huygagVUM am%l SaineRfed 36tk of KHMNBD 244Ghade Wy qhPmehsdsbram | body, an
anti - hurman "aberrantly §?§cosylated

present invention can be used as a single agent for treatment of hormone-

refractory (androgen independent) prostate cancer patients, metastatic breast
cancer patients, metastatic colorectal cancer patients and patients with stage IIIb
or IV non-small cell lung cancer. Specifically, the glycoengineered RhuMAb
2C4 is 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/mY. 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.

[0350] The entire disclosure of all publications (including patents, patent
applications, journal articles, laboratory manuals, books, or other docurments)

cited herein are hereby incorporated by reference.



MJUC 1 anti body, an anti body agai nst human fibronectin variants containing
.the ED-B domain, an anti-human TAG 72 anti body or an anti-human HER2/ neu
anti body. 20. A nethod.according to claim1, wheriein said pol ypeptide
produced by said host’cell has an increased prooportion of bisected

ol i gosaccharides in the Fc region of said pol ypeptide. 21. A method
according to claim1, wherein said polypeptide produced by said host cel
has an increased proportion of nonfucosyl ated oligosaccharides in the Fc
region of said polypeptide. 22. A nethod according to claim?21l, wherein said
nonfucosyl ated ol igosacchari des ar% hybrid. 23. A nethod according to claim
21, wherein said nonfucosyl ated OF?gosaccharides are conplex. -133- 24.. A
nmet hod according to claim1l, wherein said pol ypeptide produced by said host
cell has an increased proportion of bisected, nonfucosyl ated

ol i gosaccharides in the Fc region of said polypeptide. 25. A nethod
according to claim24, wherein said bisected, nonfucosyl ated

ol i gosaccharides are hybrid. 26. A nmethod according to claim 24, wherein
sai d bisected, nonfucosylated oligosaccharides are conplex. 27. A nethod
according to claim 21, wherein at |east 20%of the oligosaccharides in the
Fc region of said pol ypeptide are nonfucosyl ated. 28. A nethod according to
claim 21, wherein at |east 25% of the oligosaccharides in the Fe region of
sai d pol ypeptide are nonfucosylated. 29. A nethod according to claim?21, .
wherein at | east 30% of the oligosaccharides in the Fc region of said

pol ypepti de are nonfucosyl ated. 30. A nethod according to claim21, wherein
at | east 35% of the oligosaccharides in the Fe region of said pol ypeptide
are nonfucosylated. 31. A nethod according to claim 21, wherein at |east 40%
of the oligosaccharides in the Pc region of said pol ypeptide are

nonfucosyl ated. 32. A nethod according to claim?2l, wherein at |east 45% of
t he

WHAT WE CLAIM IS:

1. 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 o-Mannosidase II activity under conditions which
“ permit the production of a polypeptide selected from the group cdnsisting ofa
whole antibody molecule, an antibody fragment, and a fusion protein‘ that
includes a region equivalent to th;a Fc region of an immunoglobulin, wherein said

polypeptide having o-Mannosidase I activity is expressed in an amount



ol i gosaccharides in the Fc region of said polypeptide are nonf toosyl ated.
33. A nethod according to claim?21, wherein at |east 48% of the
oligosaccharides in the Fe region of said polypeptide are nonfucosyl ated.

1 X
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sufficient to modify the oligosaccharides in the Fc region of said polypeptide
produced by said host cell; and
b. isolating said polypeptide produced by said host cell.

2 A method according to claim 1, wherein said polypeptide produced by
said host cell has increased effector function as a result of said modification.

3. . A method according to claim 2, wherein said increased effector
fimction is increased Fc-mediated cellular cytotoxicity.

4. A method according to claim 2, wherein said increased effector
function is increased binding to NK cells.

5. A method according to claim 2, wherein said increased effector

fimetion is increased binding to macrophages.

6. A method according to claim 2, wherein said increased effector
function is increased binding to polymorphonuciear cells.

7. A method according to claim 2, wherein said increased effector
function is increased binding to monocytes.

8. A method according to claim 2, wherein said increased effector

fanction is increased direct signaling inducing apoptosis.

g, A method according to claim 2, wherein said increased effector
function is increased dendritic cell maturation.

10. A method according to clsim 2, wherein said increased effector
ﬁjnction is increased T cell priming.
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11. A method according to claim  1,, wherein said polypeptide produced
by said host cell exhibits increased Fc receptor binding as a result of said

modification.

12.. A method according to claim 11, wherein said Fc receptor is Fey
activating receptor.

13. A method according to claim 11, wherein said Fc receptoris FeyRIIIA

receptor.

14. A method according to claim 1, wherein said host cellisa CHO cell, a
BHK cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a P3X63 mouse
myeloma cell, a PER cell, a PER.C6 ceil or a hybridoma cell.

15.  Amethod according to claim 1, wherein said polypeptide produced by
said host cell is an anti-CD20 antibody.

16. A method according to claim 1, wherein said antji-CD20 antibody is
IDEC-C2BS. '

17.  Amethod accordingto claim 1, whereinsaid polypeptide produced by
said host cell is the chimeric anti-human renal cell carcinoma monoclonal
antibody chG250.

18. A method according to claim 1, wherein said host cell further
comprises at least one transected nucleic acid encoding an antibody molecule,
and antibody fragment, or a fision protein that includes a region equivalent to the

Fc region of an immunoglobulin.

19. A method according to claim 18, wherein said at least one transected
mucleic acid encodes an anti-CD2Q antibody, the chimeric anti-human
neuroblastoma monoclonal antibody chCE7, the chimeric anti-human renal cell
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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 EGFRvIIT
antibody, an anti-human PSMA antibody, an anti-human PSCA antibody, an anti-
human CD22 antibody, an anti-humen CD30 antibody, an anti-human CD33
antibody, an anti-human CD38 antibody, an anti-human CD40 antibody, an anti-
human CD45 antibody, an anti-human CD52 antibody, an anti-human CD138
antibody, an anti-human HLA-DR variant antibody, an anti-human BpCAM
antibody, an anti-human CEA antibody, an anti-human MUC1 antibody, an anfi-
human MUC! core protein antibody, an anti-human aberrantly glycosylated
MUC] antibody, an antibody against human fibronectin variants containing the
ED-B domain, an anti-human TAG-72 antibody or an anti-human HER2/neu
antibody:,

20. A method accordingtoclaim 1, wherein said polypeptide produced by
said host cell has an increased proportion of bisected oligosaccharides in the Fc
region of said polypeptide.

21,  Amethodaccordingtoclaim 1, wherein said polypeptide produced by
said host cell has an increased proportion of nonfucosylated oligosaccharides in
the Fc region of said polypeptide.

22. A method according to claim 21, wherein said nonfucosylated
oligoéaccharides are hybrid.

23. A metbhod according to claim 21, wherein said nonfucosylated

oligosaccharides are complex.



-133-

24.  Amethod accordingto claim 1, wherein said polypeptide produced by
said host cell has an increased proportion of bisected, nonfucosylated

oligosaccharides in the Fc region of said polypeptide.

25.  Amethod according to claim 24, wherein said bisected, nonfucosylated
oligosaccharides are hybrid.

26.  Amethod accordingto claim 24, wherein said bisected, nonfucosylated
oligosaccharides are complex.

27. A method according to claim 21, wherein at least 20% of the
oligosaccharides in the Fc region of said polypeptide are nonfucosylated. -

28. A method according to claim 21, wherein at least 25% of the
oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

29. A method according fo claim 21, wherein at least 30% of the
oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

30. A method according to claim 21, wherein at least 35% of the
oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

31. A method according to claim 21, wherein at least 40% of the
oligosaccharides in the Fe region of said polypeptide are nonfucosylated.

32. A method according to claim 21, wherein at least 45% of the
oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

33. A method according to claim 21, wherein at least 48% of the
oligosaccharides in the Fe region of said polypeptide are nonfucosylated.





