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 rel ates to nucleic acid nol ecul es, including fusion constructs,

havi ng catal ytic e eg | ati on engi neeri ng
of host cells to %gf éf@) %m%@ eutic
properties, i YR ' FIP CREG QR bi ndi ng and

i ncreased effect or functl o 02] G ycoproteins nedi ate
many essential functions |n hurran be| ngs, ot her eukaryotic organi sns, and
some prokaryotes, including catalysis, signaling, cell- cell comuni cati on,
and nol ecul ar recognition and association. The rrake up the majority

of non- cyt osol i ¢ pr ot ei nsBARK&IRCQANG QFCTHE N (Lis et al., Eur. J.

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

t her apeuti c purposes, and during the |ast two decades, reconbi nant versions
of nat ur al | Fieldcfithe Inmeptiomecr et ed gl ycopr ot ei ns have been a mmjor product of
t he bi ot echnol ogy i ndust ry. Exanples include er yt hr opoi etin (EPO,

t her apeuf,} nono odie ti ssue. pl asm nogen
acti vat o&b@ PA) , erﬁr ée%&?‘%)m %mlﬁ%&htﬁ%ée%&?gb ocy FHCTL age col ony
stinmul ating fpastéios: (MB% péaifie)larlyg nitle posyert mtrmﬁmmmslatesgmaumm apgldi n (hCG) .

(Cumm ng et al bi q_.lvsl 1:11 1 00031 The ol i gosacchari de
conponent caﬁné‘?caﬁf E@fﬂg %?08%'&{"‘3%? é&‘%‘iéta%z’a ‘é‘\yg‘ﬁ‘ﬂhf’ e efficacy of a
t her apeutic ghmeﬂpglpdoeylmonleﬂgthggfhdmyeamad» geieﬁtu ;bdljzpppudeéesmst ance to

pr ot ease attac eractions wth.the i st e hani acoki netics, and
speci fic biol'® X%‘ﬂﬁé%ft"t"tf er@ﬁéﬂclﬁ?gﬂﬂw g'lt?gﬁg Eﬂr only on the
presence or ébhﬁmig@ﬁdmbmseabﬁ‘&t@rﬁxﬂcﬁm specific structures

ol i gosacchari des. Some generalizations between oli gosaccharl de structure and
-2-

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-cytosclic proteins in eukaryotic organisms. (Lis ez al., Eur. J.
Biochem. 218:1-27 (1993)). Many glycdproteiits 'h'z'we" 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 (EPQO), therapeutic
monoclonal antibodies (therapeutic mAbs), tissue plasminogen activator (tPA),
interferon-B, (JFN-B), granulocyte-macrophage colony stimulating factor (GM-
CSF), and human chorionic gonadotrophin (hCG). (Cumming et al,
Glycobiology 1:115-130 (1991)).

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

oligosaccharides. Some generalizations between oligosaccharide structure and



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

ot hers can be bound by antibodies and trigger undesired inmune reactions.
(Jenkins et at, Nature Biotechnol. 14:975-81 (1996)). [00041 Mammal i an
cells are the preferred hosts for production of therapeutic gl ycoproteins,
due to their capability to glycosylate proteins in the nost conpatible form
for human application. (Cunming et al~-, dycobiology 1:115-30 (1991);
Jenkins et al., Nature Biotechnol. 14:975-81 (1996)). Bacteria very rarely
gl ycosyl ate proteins, and |li ke other types of common hosts, such as yeasts,
filament ous glyogproteinnfmation aanl bpl mmie. CBirl exampleebaltaiyl yligesacklmriden patterns

associ at ed ra cle nce fr e od.strea desirabl e i mmune
i nteract i onsv\glr'ﬁﬂ'ﬂe ’gﬁgﬁt Eaéﬁmfc? 89&552?‘)1’59%311@% tﬁ‘? g]]IO %&8"5‘ activity.
Among mammal mgﬁmtér&uonﬁmr@s@ﬁMhﬁammngpé@@wﬁﬂﬁdﬂ&rmﬂe been nost
comonl y use ecades. In additjon,to giving suitable

dur i
o1 yoosy! at 1 ofe Wnt B prsbotisnsd risePnedS Ry Gis rarierer W ougtds | on of
genetical ly wa@bé&otem,@hhy9p3_9ﬂggge)ye clonal cell lines. They can be

cultured _to high densities_in sinple bjoreactors using serum free nedia,
and per 8% he deMé‘FB‘ﬁfﬂ@rﬂ"’ %Fe%%"efﬁﬁﬂ“i‘%rf%ﬁ}ﬁhﬁp%nﬁg@mgses Ot her
commonl y usegiyasprdtsihs, Chile! ﬂhél?'ck;ga&h%a%/ gnaagta%r pietemey &Bhigstcel Is, NSO

and SP2/0- nouse nyel oma cel | s re recentl production from transgenic

ani mal s has &maRst mfe@waqpl}%wr@mml reabiodogpil 3 &8%nol . 14: 975-81
(1996)) . | 000SbRncHRle ARCHaS RPN SETPOY O it g al conser ved

positions in avy chain constant regions h each isotype possessing

a di stinct arar%hygmosy Pr%%m@&#b@hv&w@fcsmémﬁ%whmem varl ably af fect
t ., and
protein asseﬁi’a}n)énto d%%ée@fhn&ﬁlaﬁt‘é@ﬁg %@ﬂ%ﬁgc@%idn\%?é&enﬁ\ﬂsb&md an

Morrison, S. L., Tren Bi ot ec e structure of the

attached N-| Withegidcisemoes fmathe blped stisam, ug gintegpetmndpdg on the degree
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allow consistent generation of genetically stable, highly productive clonal cell

lines. They can be cultured to high densities in simple bioreactors using serum-

free media, and permit the development of safe and reproducible bioprocesses,

Other commonly used animal cells include baby hamster kidney (BHK) celis,

NS0- and SP2/0-mouse myeloma cells. More recently, production from

transgenic animals has also been tested. (Jenkins et al., Nature Biotechnol.

14:975-81 (1996)).

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

the heavy chain constant regions, with each isotype possessing a distinot array of

N-linked carbohydrate structures, which variably affect protein assembly,

secretion or functional activify. (Wright, A., and Mortison, 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



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

m nor differences are seen for a given cell line grown under different
culture conditions. (Lifely, M R et al., dycobiology 5(8):813-22 (1995)).
[ 0006] Unconj ugated nonocl onal antibodi es (mAbs) can be useful nedicines for
the treatnment of cancer, as denonstL%Ied by the U S. Food and Drug

Adm ni stration's approval of Rituximab (RituxanT"r; |DEC Pharnmaceuticals, San
D ego, CA, and Genentech Inc., San Francisco, for the treatnent of CD20

CA),
positive B—cg! M | Qu~- e .ol |1 n | NS | ma, Trastuzunab
(HerceptinT"; heeﬁyceog%ﬁ]lghé%w{l%f1t'?%§tﬁ%%§gb%%ggﬁogglv%§%g% reast cancer
(& i | | o- Lopezntibddy glyekylation ocGe betweer(asti tihes, afd .66 ndinor dif&eces 482l denberg, M
M, din. Ther, 21:309-18 (1999 Cent uzymab | ot ar.gTM . Cel | t ech/ Wet h-
Ayerst) for Feﬁgf°trf’ﬂ?%%khﬁ%pgpﬁé%’g@geﬁ@ﬂﬁcg}%B?Dgfb%’nf'éﬁ{%ﬁw&lland Al ent uzumab
( CAMPATHTmM b d1| ebtsbmibhasmrsieuri(tmby/ Schering AG for the treatnent of B
cell chropnic |y ocytic | eukem a. The success of these. products relies not
only or{&ﬂ}qgir ef W°8é’8§at?f{fP°“£PgBﬁéﬁ_"F-LP§‘@?(Fnﬁ@6}°§? GRIPHIGRARSE 7 pr of i | es
(Gillo-Lopete featrdent ofSbardér .as SRMohstrafddChY -the? @190 Fdct @ddIS%hg Col denberg, M
M, din. Ther. 21:309-18 (1999)). In spite of the achievenents of these

drugs, t her eAfministatieniapprozalofRigamab(Risyagt™; IR BhagparewisalniSgher specific
ant | body  act pidgh oA i Gefitech Fuc! ¥R ok, G RF R dodiihodiBE@BpYOAL €D MAD

t herapy. [000 One way to obtarn large i'ncreases in potency, while

mai nt ai ni ng possiveBrell, lowivlsor fyHicpladasdodgki'sgymphemagl tesfuzameb di ng
significant, LA b, I de. eff el e ural ,

cel) - medi at eg%%%?%(&:t br tfﬁig& %n(r?fs) fgrfcﬁlﬁﬂaeg EymF g%ﬁdg%{]m%ggﬁetﬁ% Ctaﬁ%%r

ol i gosacchar {Ghrillockoupen Ret, e{dingdrlia OnBol. 2666213 (1999t Gridenbddg,dadhnol . 17: 176- 180

(1999)). I1gd.ty ant i hodj he nmost co | VLS i bodi es in cancer
i munot her ap f""‘af%' g‘?{/%@ﬁ&oﬁ???i’ %Me&gﬁ@@éser@&ﬁﬁwyﬁ&hked

gl ycosyl at i onyérith for the tré@meS 6f tehiped Gbut& el 618 Ak dinia BE Alopn-oaap! ex bi -
antennary ol i gosaccharides attached to Asn297 are huried between the CH2

domai ns, ~ f or FFAFAXHEN Millenivwp FhaspeceutiGalsfSchatine AG) s trrateens ek bone, and their

cell chronic lymphocytic leukemia. The success of these products relies not onty
on their efficacy but also on their outstanding safety profiles (Grillo-Lopez, A.-J., -
et al,, Semin. Oncol. 26:66-73 (1999); Goldenberg, M. M., Clin. Ther. 21:309-18
(1999)). In spite of the achievements of these d.rugs, there is currently a large

interest in obtaining higher specific antibody activity than what is typically
afforded by unconjugated mAb therapy.
[0607] One way to obtain large increases in potency, while maintaining a simple
) production process and potentially avoiding significant, undesirable side effects,
is to enhance the natural, cell-mediated effector functions of mAbs by
engineering their oligosaccharide component (Umafla, 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,



presence is essential for the antibody to nediate effector functions such as
anti body dependent cellular cytotoxicity (ADCC) (Lifely, M R, et all, -4-
G ycobi ol ogy 5:813-822 (1995); Jefferis, R, et at, Inmmunol Rev. 163:59-76
(1998); Wight, A and Mdrrison, S. L., Trends Biotechnol. 15:26-32 (1997)).
[ 0008] The present inventors showed previously that overexpression in

Chi nese hanster ovary (CHO cells of 0(1,4)-N acetyl gl ucosam nyl transferase
11 (GnTlHll), a glycosyltransferaseycatalyzing the formation of bisected

ol i gosaccharides, significantly increases the in vitro ADCC activity of an
anti- neurobl astoma chineric nonocl onal anti body (chCE7) produced by the

engi neer ed hda . t .z, 7 i ol. 17:176-180
(1999), Int Srég)a fﬁgn 5&%? g??%h%ﬁnﬁ@%/%ﬂ%%%{%gﬁeﬁésgzgcontents of
each of whi ¢199&)~§Vri@t e%by:ndMomfmq:mSaLeﬂ-ebdsBia&mem}é% B2 €(1898T)h. entirety). The
ant i body, CE7 Ionc e .cl ass nconj ugat ed s whi ch have
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t he : ture Bi otechnol ...

(1599))  ThatGtHTuy Avetbepnbinstpste aiabmy tendbriiigeot risEkdos of ADCC

activity coubHgdagchitdes, Bigaifiant]o AbrdASR thd Ve vit#bQAD@UTast@t‘j})bf&E aducing cells to
express GTlI 1, which also led to an increase in th proportion of constant

regi on (Fe) - B8¥eRiastiaresy chigiede dpenpcigns! gadihedyh AFCHSY | quuﬁ?q &di %e bi sect ed

non- f ucosyl a%@@n&}eameaﬁarsed%aﬁaﬁowaﬁ bl 8 Yf:serh U 761 80
natural l y-occurri ng antl bod| es 000 The results of a nunber of studies

suggest t hat (8% W Ofs432s e crtigrrontenfseisadidlst antial |y to
the action OfhgHtad At ﬁEHrpé?&tE’d B8 1 AGAIASH el RIcE) Ao gyt © that an

opthnmal antibod E‘i;g‘lnst tunmors woul d_bi nd preferentlally to activation Fc

receptors angh %?%@@ﬁ@ﬁﬁh‘ﬁ%ﬂm%ﬁ@ﬁﬁﬁsh@i&m ehBpmor C ynes, R A,
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showed t hat that large increases of ADCC activity could be obtained by engineering the

antibody-producing cells to express GnTIIL, 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 2 number of studies suggest that Fc-receptor-dependent
mechanisms contribute substantially to the action of cytotoxic antibodies against
tumors and indicate that an optimal antibody against tumors would bind
preferentially to activation Fc receptors and minimally to the inhibitory partner
FcyRIB. (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 FeyRIIla 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 FeyRIIla 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 FcyRIlla, which resulted in better



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

Bl ood 99(3):754-757 (February 2002)). [00101 In addition to ADCC,
successful anti-cancer nonocl onal antibodies often induce Fc-independent

di rect signaling nmechanisns that regyglate target cell survival,
proliferation, or death by activating cell signaling cascades or bl ocking
access to growh fact ors. (Selenko, N, et al., J. din. Immunol.

22(3):124- 13Qnd@ agalt@ilyBtRiRlcells. EG@l?Jn,nGnEtanBIQQ%(S Bl s wth

Ri t uxi mab has_been s ovvn to | nduce conpl efrent - nedi at ed | ysis and
Mab- i nduced i(FRbtaryY 02Df apoptosis as wel | as ADCC. (Sel enko N., et al.,
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apopt osi s nphoma ce it onl e ce o pr onot es
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i ncreased ef 1‘%@?@ q% Eto esent'E;C ?4‘\5/%@(}8 vg'l peea a method for
produci ng sushovanta induheec&mptmxeht—medmjbd/asls and Qilabeieducad) indoetioyl ofcosyl at i on
profile of the ntlbod F g 01 RLese on is broadly
directed to r?%?rﬁ ScfsasFVoras‘&IEDeég @0?%0[8 12} ‘2‘:-%?'? ’8’81‘?“2?@” nltéa the

gl ycosyl at i ori2qo2pf Moeeowoér, tbe@mmadnn@wdadp;ammhoﬂmammedﬂlsﬁdonlyy t hat host
cell. The me inve t|o an be used ced her aepeuti c
ant i bodi es @ﬁ%ﬁ{lﬂuggsogqr%% ﬁcf%sﬂ:?ém& ?g{} OMASEudi ng  reduced
fucosyl ati ondemﬁ’edlpe;huﬁeéﬁsmamﬂmdntﬁg demdritic icelEND A} dsliuedshetiirationf unct i on

and/ or increa Fc ece bi.ndi resu of, the fied

gl ycosyl ati or‘?§ﬁg“’rﬁ"é1 {9?‘% ﬁa}ef“?élg? gﬁﬁ‘ﬁﬁ? HoYrEe éfmﬁhl’?%yt?ﬁ@g i nvention are
particularly useful in therapeutic treatnents of tunors in patients. In one

enbodi ments, the host cgl ! ﬁ ?J f EH%bﬁ%MI&Ny ycoengi neered to express

a nucl eic acid nol ecul e

[0011}) Recognizing the tremendous therapeutic potential of antibodies with
increased Fc receptor binding affinity and increased effector fumction, 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 ﬁm 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 freatments of tumors in patients. In one embodiments, the host cells
of the invention are glycoengineered to express a nucleic acid molecule encoding
a fusion polypeptide with GnTII catalytic activity or GalT catalytic activity. Ina
preferred embodiment, the fusion constructs are coexpressed with a nucleic acid

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




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

gl ycoengi neered pol ypepti des of the present invention are produced by a
host cell glycoengineered to have ingreased expression of a nucleic acid
nol ecul e encodi ng a pol ypeptide with Man Il catalytic activity. [00131
Accordingly, in one aspect the invention is directed to an isolated nucleic
aci d Compri SifafkichcHEAMERTEen }ﬂ)@yp@gtf G KRSRCIE@ ity Mier €i n sai d
fusion poly eptlée has 0(1, 4)-N-"acet glucosan1nyltransferase I

("GTIHI™) an@ttuauoﬂagr emb@l@@&pﬁhpwomg@@dgaolwmﬂbs ghtheoprestybai n of a Col gi
resi dent pol didie S i de conprises
t he catal yt |%€p§ﬁ%’r%9§e B#OHHG g?@ %Iﬁaﬁ- ace@% S c%eIéegnﬁ0 yv‘?ﬁg&gﬁerase [11. In a
further enboskpressien of haudkeik gicid mﬂzigtalllq mbcilmgl adwiypeptide sviteMaotled from t he
group COHSIS&‘dﬁh%m“% e localization domain of mannosidase Il, the
Iocallzatlon in of 13(1,2)-N acetylglucosan1ny|transferase I ("GTl' |,
t he | oc§tidfati on Achoordmglyomoﬁ&(sﬂmcﬂﬂlemwmaﬁsw@tMMMIapﬂnumm erase ||

"GrTIF), the, | I ti . I t.he | lizati
ormi n o ul 5 CBFE-PEE SETICF SHCFER ACEoRPAP A e B S EO rment ¢ he
| sol at ed nucpodypeptideites f@gidlazetylphrpsantgdtranblerase ol @oThilpactieuence depi ct ed

Insc::lele‘c ggl ggnél? iR 8#882@&%%&“@?%%%%%@#@33#%“ :acszioljaggguence

depl cted in dﬂe(&mb%dmﬁht fieG fdshon ﬂ)dlmepﬂideadmtpheds the efigyticcéomadioHdi nent, the

o e g P e R A SRESHSD. BPTRRS I BB o "3,
ELS} eIZE ag?glbéag.xgir?nal&ﬁiahm sasmat&omttlitegrbﬂyedﬂsism ofsthélldcaledatiéh t 0 an i sol at ed

seq nce en fusio ptide, wherein
sai d fusion 9958 peht Oﬂﬂ 1 1) @ 3? eﬁgg "Gl T") activity
and conpri se@cettytgmco&h]gmrd:@mkd HEGHTIN), the Mdvalizalibn dorfadt 6ff p(I,2sNdent

ol ypeptide. In one enbodi nent
POl YPEp acetylglucosan{llx?yltransferase O (“GnTII”), the localization domain of

mannosidase I, and the localization domain of a1-6 core fucosyliransferase. 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 a Golgi resident polypeptide. In one embodiment,
the fusion polypeptide comprises the catalytic domain of B(1,4)-
galactosyltransferase. In another embodiment, the fusion polypeptide comprises
the catalytic domain of §(1,4) galactosyltransferase. In a further embodiment, the
Golgi localization domain is selected from the group consisting of the
localization domain of mannosidase II, the localization domain of B(1,2)-N-



the fusion pol ypeptide conprises the catalytic domain of 13(1,4)-

gal actosyl transferase. |In another enbodi nent, the fusion pol ypeptide
conprises the catalytic domain of 13(1,4) galactosyltransferase. In a
further enbodinment, the Golgi localization domain is selected fromthe
group consisting of the |l|ocalization domain of mannosi dase 11, the

| ocal i zation domain of 13(1,2)-N -7- acetyl gl ucosam nyltransferase |
("G1TP' ), the localization donmain 0f7-0(1, 2)-N acetyl gl ucosam nyl transf erase
Il ("G1TIl"), the localization domain of mannosidase |, and the

| ocal i zati on domain of al-6 core fucosyltransferase. [0015] In another

aspect, the Jé@ipRBbsaininy@ibnbiorasd I%“Ghm’l’acﬂleqjochﬁkaﬁéh ORISR QZ)-NLeCt or
conprising an Isol ated nucl eic i sing a sequence encodlng a fusion

pol ypept i de,3ciHighepamanyitepnsi Elfé*"?eorlI do@’j’f’ﬂéﬁt ithe [Repdizgion dymap of
acet Y1 gl UCOSAEldss BE 86 ASfickidn @ndrol AR AARMELSRSwbhe G0l g

| ocal i zati on domai n of Gol gi resident polypeptide. In one enbodinent, the

expr ess[W8S] vect &ranethewwt dheprasend inversiop prdineptertio envpprersidnygotethe catal ytic
domai n of O(c?:ﬁ%ﬁsxﬁ%m?i%@fabé}i%&i&Qi?H‘};%ﬁsﬁ%‘ﬂeﬁﬁ&é@ edcb&ngﬁ%sﬁéhe Gol gi
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0(1,2)-N acga%yt# ucosa ny tra@f e{é‘ﬁ@eﬁn{if:o set i€ oca g?gotg Qr,%] domai n of

mannosi dase domaaef % Gelg weidént pelypeptidel olmaone afbodimest, dmrmﬂeemlsyl transf er ase.
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vector conprising an 'S ng equence encoding a
fusion pol wgamlglweaanmtyé:raasfﬁawlchnd ﬂw(hﬂgllhdaémﬁm doherithia selected
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vect or encode&hmﬁbndmmmnofﬁél, ﬁd{acet]ﬂglucmatpmymm@emsbbﬂmmmmln domai n of
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comprising an isolated nucleic acid comprising a sequence encodmg a fusion

(DH

polypeptide, wherein said fusion polypeptide has P(1,4)-galactosyltransferase
activity and comprises the Golgi localization domain of a Golgi resident
polypeptide. In one embodiment, the expression vector encodes a fusion
polypeptide comprising the catalytic domain of §(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 I, the localization domain of f(1,2)-N-
acetylglucosaminyltransferase I, the localization domain of mannosidase I, and
the localization domain of a1-6 core fucosyltransferase.

[6017) In another aspect, the present invention is direcied fo a host cell
comprising an above-described expression vector.

{0018) In another aspect, the presenf invention is directed to a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
baving B(1,4)-N-acetylglucosaminyltransferase I (*GnTIII™) 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



the | ocalization domain of al-6 core fucosyltransferase. [0017) In another
aspect, the present invention is directed to a host cell conprising an
above-descri bed expression vector. [0018] In another aspect, the present
invention is directed to a host cell engineered to express at |east one
nucl ei ¢ acid encoding a fusion polypeptide having
0(1,4)-Nacetyl glucosam nyltransferase 11l ("GTIIP ) activity in an anount
sufficient to nodify the oligosaccharides in the Fc region of a polypeptide
produced byt he 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
anti body fr agdeel is e&1edtal finiGhe bid8p Es@iH (TR whRRGnAbddy sloRRuiBf @t ei n t hat
includes a region equivalent to_the Fe region of an inpmunoglobulin. In one
enbodi ment , 204898y fragneh cytAinintibe Feresinn, A g prgtein et ipplndes@onpri ses t he

catal yti ¢ degaineqivaieR(td e NopdGrih ShERBRBLAY | hiadahEiafsgs | | | andthe Gol gi
| ocal i zati on donain of a heterol ogous Gol'gi resi dent@g)o ypepti de sel ected
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from the gr Sfesioneatweptity hatipsienTHgetivitycamposes theretalt osidase Il, the
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| ocal i zatio mal n "of mannosi I'zat1 on domai n of
13( 1, 2) - N- adetesplagbusddd ginesidehtpolypetide selrotell fomabegroupeonsistugdftheat i on domai n of
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i nvention is engl neere 0 €ex S at | east one
nucl ei ¢ aci deatylglochisarginylifansferana 1ol lppadipetioalomainof mgnnosidase 1., the

13(1, 4)-gal Eﬂfih? rlﬁggﬁe el L.V] ' apu sufficient to
nodi fy the o |g%§!g§:c ari dgeéﬁﬁhé)’tbﬁ%eb%&?%g%%ﬁy%gnsg&aﬁgIn%ipggét f}%e produced by
theg host cédchlizatibvedamain efzileb ot fpmpliaskderpsreoduced by said host cell is

sel ect omth A i stin . | . ant,i ho ecul e, an

anti bo Di agmen?l %%rﬁ%g%ﬁﬁge%g%? hlées é%‘é%?%%n% %%%g @ug%ﬁgﬁqﬁbot ei n that

i ncl udes a eagihareddoexpredsahicadt ond txeldicacid egoding effustom palypeptalgl obul in. I n one

Caralytic bmiesoR H T O Mo R M B *Tocal zati on

domai n of aunvdifetieloligesascheiddegin the Be thgivh of alpylypeptideiprodwed bgthed from the group
dormi n of *15peealf whEERaHg PR AR Ror s0F Rlecpp o s | 071 1 zatton

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. In one embodiment, the fusion polypeptide having
GalT activity comprises the catalytic domain of §(1,4)-galactosyltransferase and
the Golgi localization domain of a heterologous Golgi resident polypeptide
gelected from the group consisting of the localization domain of mannosidase IT,
the localization domain of PB(1,2)-N-acetylgincosaminyltransferase I, the
localization domain of mannosidase 1., the localization domain of B(1,2)-N-
acetylglucosaminyltransferase II, and the localization domain of al-6 core
fucogyltransferase.

{0020} Preferably, the Golgi localization domain is from mannosidase II or
B(1,2)-N-acetylglucosaminyltransferase I or, alteratively, galactosyltransferase.

{0021} In another aspect, the present invention is directed to a fusion polypeptide
having B(1,4)-N-acetylglucosaminyltransferase III activity and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide. In one
embodiment, the fusion polypeptides of the invention compris.e the catalytic
domain of B(1,4)-N-acetylglucosaminyliransferase IIl. In another embodiment,



| ocal i zati on domai n of mannosidase |., the localization domain of 0(1,2)-N

acetyl gl ucosam nyltransferase |11, and the | ocalization domain of al-6 core
fucosyltransferase. (0020] Preferably, the Golgi |ocalization domain is from
mannosi dase Il or f3(1,2)-Nacetyl glucosam nyltransferase | or,

alternatively, galactosyltransferase. 100211 In another aspect, the present
I nvention is directed to a fusion pol ypeptide having
(1,4)-Nacetyl glucosam nyltransferas@-111 activity and conprising the Colgi
| ocal i zati on domai n of a heterol ogous Gol gi resident polypeptide. In one
enbodi ment, the fusion polypeptides of the invention conprise the catalytic

domai n of 0 el aRalidic RSP Ridolen Ftw Qfea?@lﬂwonbl Brgeet Ber enbodi nent,
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al-6 core f“?@:ﬁﬂia%ﬁgéﬂﬁﬁ@ﬁ:?-&[o gc}s n@nﬁ’éﬁé her aspect, the present
Ire to a F’

invention is cte usi on polypeptide having
(3(1, 4) -[§832ct osyInangtherfaspests e prosanyinygntian i direstpstto & fusign peiweglidegi | ocal i zat i on

fuston pol ypat EAL ARl et e AR} crl B BERE Doyt ot 00 o0+ 11
13(1, 4) - gal domaigplf ahmf%ouﬁlmlrwlmmmmbwombodmt &sl gi
ocal 23t o ke 854Sl bG8 QB ACRRR Lo . the
(3(1, 2) - N- ac enlpétgdyitvosimia i snothesérebadgeent, the Galgi lbcahaitlmzdmmmmdorral n of
gggtgféﬁﬁzgs;n1naﬁ?Fgﬁgpb% %g?ﬁyﬂﬁﬁg%ﬂ?ﬁﬁz%%%é 'Zat |on g%g?% of al-6 core
fucosyl t r ansfter Mhzap&ﬂztémaﬁr ef B(B-Y-acttyighGphginyltesdtawal, tr '('jomal n is from
o nat vel 1eiiptpd 3pBus o PRSI 16 RS FBE5E BAMG! ner  aspect
t he present |acetflgm1cummnmsludnsf£&dﬂ dvd the rfedalization (dbmmprufdﬂcdi rgrea f usi on
pol ypepti de ﬁ%&ﬁgm%é&%&4)-N-acetylglucosaninyItransferase
[0023] Preferably, the Golgi localization domain is from mannosidase If or
B(1,2)-N-acetylglucosaminyltransferase 1 (“GnTI”) or, alternatively,
galactosyltransferase (“GalT™).
[0024] In another aspect, the present invention is directed to a method for
producing a fusion polypeptide having p(1,4)-N-acetylglucosaminyliransferase
I activity comprising culturing a host 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-acetylglucosaminyltransferase 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  II,  the localization @ domain  of  B(1,2)-N-
acetylglucosaminyltransferase I, the localization domain of mannosidase I, the
localization domain of B(],2)-N-acetylglucosaminyliransferase II, and the
localization domain of a1-6 core fucosyltransferase.



1l activity conprising culturing a host cell of the invention in a nedium
under conditions allow ng the expression of the nucleic acid encoding the
fusion polypeptide and recovering the fusion polypeptide fromthe resultant
culture. In one enbodi nent, the fusion polypeptide conprises the catalytic
domain of 13(1,4)-Nacetylglucosam nyltransferase Il11. Preferably, the
fusion pol ypeptide conprises the Golgi |ocalization domain of a

het er ol ogous Gol gi resident pol ypeptipde sel ected fromthe group consisting

of the localization domain of nmannosidase |1, the localization donmain of :
13(1,2)-N acetyl gl ucosam nyl transferase |, the localization domain of

mannosi d@Q they h&réd! dspdt, it Mweﬁfon is directed to a method for
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nucl eic acid £08 Gyel h [oﬁs °qu58? eyﬁ,gﬁt 'th%ereg\ﬂgnt c\?ng é/er?ng %he fusi on

pol ypepti de from resu ure. 1 n one e fusion
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Preferably, USJ on.poly r| s 0 i zati on domain
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fucdsyl t f 0026] .Pr ef t |.ocal d f
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gal act osyl t raa&sr&@hasnn:ﬁnyﬂﬁﬂfeﬁase O] e&P ke lbenligationrdobain aSpb6tcord he i nvention
is directed to a jethod for nodi fying the glycosylation profile of a
pol ypepti de pﬁ'b‘ff ®a host cell conprising introducing into the host

cel | at [0@ast one Prsferhisti,Ctha Cotbi chcaezaﬁmea&hﬂﬁ m/ﬁﬁﬁzcmmiaslaztse II bvent i on.
Preferably, tlﬂfﬁﬁﬁl- gtyl%fulcgs%m}nsl eraseI orfgrz.ifj‘agtosy trans er%gee(gfiﬂ;i‘gnt aining the
[0027] In a further aspect, the invention is directed to a method for modifying the
glycosylation profile of a polypeptide produced by a host cell comprising

(()nﬁ

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 IgG1 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.

[o028] 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 B(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



Fe region of the polypeptide. In a particularly preferred enbodi nent, the
pol ypeptide is 1gd or a fragnent thereof containing the Fe region of the
pol ypeptide. Alternatively, the polypeptide is a fusion protein that
includes a region equivalent to the Fc region of a human 1gG [0028] In
anot her aspect, the invention is directed to a nethod for producing a

pol ypeptide in a host cell, conmprising: (a) culturing a host cell engineered
to express at |east one nucleic acigijencoding a fusion pol ypeptide having
0(1,4)-N acetylglucosam nyltransferase Il activity or, alternatively,

(3(1,4)- galactosyltransferase ("GaiT") activity, under conditions which
permt the %@d}gﬁ%ﬁc%@&ﬁm@% dfgﬁdﬁawe?a&%ré&uesaﬁ ddfogtP_consi sting
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f Ec SK| tr ansrffwoaﬁﬁ‘ansfdi’aspr ﬁfpiéié??ﬂ @iﬁ&dﬂheﬁﬁﬂhﬁpoﬁﬂé@g}/&@&gﬂpﬁﬁﬂaydﬁ: gr oduced by

t he / host ce i ncrea ec nction and/ o eased Fc receptor
bi ndi ng as a ?téglzwnﬁeafﬁégﬁrg‘ﬂﬁfﬂc on qngfpr mcreassd ?W‘iﬁ&é'@&”&@é’f erred

enﬁ)d: ment s, rédaﬁofﬁéhﬁdﬂi@dlonﬁirf}ﬁﬁﬁoﬂlaﬂ?pﬂfdrﬂﬁﬁ&nbﬁmm ﬂﬁ%ﬁbﬂEaEéc?‘ gEdld at ed
cellu arcytot | i nGcrease cells,. incr inding to
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apoptosis, increased dendntlc cell maturation, and/or increased T cell priming,

and the increased Fe receptor binding is increased binding to an Fo activating
receptor such as FcyRIIIA. 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-



receptor such as FcyRII1 A Preferably, the polypeptide exhibiting increased
effector function and/or increased Fc receptor binding is an anti body,

anti body- fragnent, or fusion protein conprising a region equivalent to the
Fc region of an imunogl obulin and has an increased proportion of
nonfucosyl ated oligosaccharides in the Fe region. [0029] In another aspect,
the invention is directed to pharmaceutical conpositions conprising the
ant i body, antibody fragnment containiog.the Fc region, or fusion polypeptide
containing the Fc region of an inmunoglobulin of the invention, and to the
use of such a pharnmaceutical conposition in the treatnent of tunors, such
as cancers, 0 | s ﬂﬁqﬁaq. nt is B cell
depl etion by gﬁﬁ@%ﬁé?%??ﬁggghﬁﬁgFgégﬂ?ica yie eg¥%£§ﬁaﬁégﬁ%ﬂeof such a
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yet a further , . | rovisdes . I sing an
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| ocal i zati on domai reside ressi on vector
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pol ypepti de hgs_man i e |l. (Man, 11 Lyity. Ln preferred enbodi nents,
the fusion pg‘?r??}’éBFW%WF%&@W%@%Wiﬂt&éﬁa‘éﬂr‘?ﬁ?tﬁ’n?fm@? Il and the

Gol gi | ocal | GaTiIpthe thestivation dnmkér efNad, dnd cira Ibdadizagion dpmaiaes k9fd-ng of the

| ocal i zation domai n,of nll, the Jogalizatio in of GhTl, the

| ocal i zati on &9 %S%?ms@ﬁ'll,notnﬁgm ?éﬁ?qtégﬁl}oﬁﬁeg&ﬁ‘%m@nmﬁ, and t he
Iocahization epiession Oéct@-ehoddingOycdygepiidehaling Satiiactdsy. The necleicenbodi nent,
the host cell further. conprises an expression yectoy . encogd a pol ypepti de
having GnTlI| &8 I{}‘gf“i}‘.les ading °M°n@ﬁ8@%gﬁ°¥¥p&n%ﬁﬁ‘ﬁﬂ$%gﬁhe f usi on

pol ypepti de, bdiEitpodndpEppolgeplide/havrihe MU ackivfty Vdah \eactalblint dapariel ypept i de
havi ng GnT1l actimitg can each be in separate expression vectors or the

sanme expr essi SPTPEOR YFotors of g samg aFPesIegYed®hect , the invention is directed
to a host cell conmpahaddithnaldBpet e@Shth iVdfted to@BBRCbIBiRPpriginguc] ei ¢ aci d

nol ecul e encodi ng a fusion .. L , . .
an expression vector comprising a nucleic acid molecule encoding a fusion
polypeptide, wherein said fpsion polypeptide has $(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 IT)
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
GnT1, the localization domain of GnTTI, the localization domain of Manl, and the
localization domain of o-1,6-core-fucosyltransferase. In one embodiment, the
host cell further comprises an expression. vector encoding a polypeptide having
GoTI activity. The nucleic acids molecules encoding the fusion polypeptide, the
polypeptide having Manll activity, and the polypeptide having GuTII 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 IIL
activity and at least one nucleic acid encoding a polypeptide having Man I



pol ypepti de, wherein said fusion polypeptide has
f(l,4)-galactosyltransferase (GiT) activity and conprises the ol gi

| ocal i zati on donmain of a Golgi resident polypeptide; and an expression
vector conprising a nucleic acid nolecule encoding a polypeptide, wherein
sai d pol ypepti de has mannosi dase Il (Man 11) activity. In preferred
enbodi nents, the fusion pol ypeptide conprises the catalytic domain of
GnTIll and the Golgi localization domgin is selected fromhe group
consisting of the localization domain of Manf, the | ocalization domain of

GnhTl, the localization donmain of GhTll, the |ocalization donain of Manl, and
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activity in an a t sufficient.to nod e oli.gosacch es in the Fc
Fegi on of . PO BRB e B § i B et ke Sep i ERR 08 o
pol ypepti de pF@ﬁgfoﬁd;fhylmn&meolb]ﬁst cell is selected fromthe group
consi stl ol e_apti bod lecule, a i body fra and a fusion
protein tﬁ!# i ncmﬂ %‘g?SB‘?? ég%f‘\?’%“i‘t@ﬁtpr?ﬂgqsﬁe 03?8(1?/&@“?%’ 0 an

i munogl obi N. 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.

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

Fc region of an immunoglobin.



[0032] In a further aspect, the invention provides a host cell engineered to
express at | east one nucleic acid encoding a fusion polypeptide having Gai T
activity and at | east one nucleic acid encodi ng a pol ypeptide having Man |

- activity in an amount sufficient to nodify the oligosaccharides in the Fc
region of a polypeptide produced by said host cell, wherein said

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

i mmunogl obin. [0033] In an additional aspect, the invention provides a host

cel | engbpapr od. 8. R B3l hedRy AMFOUALSfonflsd AIGEILAD 2 fus on

pol ypep havi ng I at "['east” one nuclei‘*c acid encodi ng a
pol ypepti de palypaptidivim hodt cell; tomprising caltwiing & hbst el enginesreito kgiressaci d encodi ng

apol ypepti de_havj n T ll..activity, .in an unt sufticient to nodify the
ol i gosacchar thgag ?‘% nﬁgwlgﬁldregcg?fjﬁ‘ﬁ %?Emé‘po Fﬁ%ﬁ%aﬂf%ﬁg&}yby sai d host
cel I, wher ei andailehsiosle\apeiplelctheidnandinapdiybeptidu thving ManCi kitivity sel ected from

t he group consj sti of a whol e_anti bod | ecul e, n i body fragment, and
a fusion pr oP‘é‘ieﬁc"t“H’%{mﬁW?WEE‘?QSP@&F%HXE&J?‘@W%%“%B“? Im¥E region of an

i mmunogl obi ngroud onsikRB4f a Ihold ahiibioli @lolRERE&T antibb®y frapnent, lafiiai S directed to
a nmet hod for producing._a po légepti de in a host cell, conprising culturing a
host cell en§isiBeRatn fapinniides 2 1egion cequivalsplete, the) ¥5 81 8 @Acodi ng a f usi on

pol ypepti de Rahidglobiin, MWheredfiatd/ fukivin palppepitlc isCaplesSn an BM6uRi C acid _
encodi ng a pgﬂlﬁﬁpﬁptl de havi r& Man_ 11 activity .under conditjions which permt
the product i SHgsutie pefifytsioligesacchrgdes urfhe Fp gesioneof sgddelPERNSi sting of a

whol e ant i bogaidet 8¢ Wi€hostbel2id iR blidpa®pdptidand a fusion protein that
i ncludes _a region equivalent to the Ec region of an _imunogl obulin, wherein

sai d fudPB¥l pol ypBsRethE asreck s irventing i diresfed 40,p method fmIoduriBRE to nodify the
ol i gosacchar b@iﬁi%pﬁ&biﬁbﬁod%eem &gﬁﬁmingtmﬁﬁhgaewt YaeRkineeed BEaAsced by said host
cell; and isolating said polypeptide. [0035] In another aspect, the
i nvention i saideastaneaerieipacd ersedinge fugen prlmenbdahgviae Galdl ppeptande in a host
cell, conmpri 188t &idlandbieiddcid chQaing & Hyfaﬁﬁ@é a [ 2GHGRY GRder @l | east one
nucl ei ¢ acid encoding a fusion poFygep I'de having Gl T activity and

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

consisting of a whole antibody molecuie, 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 oligosacchaﬂdes in the Fc region of said polypeptide produced by said host

cell; and isolating said polypeptide.

[0036] In an additional aspect, a method for producing a polypeptide having

increased Fe-mediated cellular cytotoiicity 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 I under conditions which permit the

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

antibody molecule, an antibody fragment that included the Fc region of an

immunoglobulin, wherein the expression level of one or both of GalT or Man I

is sufficient to modify the oligosaccharides in the Fe region of said polypeptide

produced by said host cell and wherein said polypeptide has increased Fc-

mediated cellular cytotoxicity as a result of said modification; and isolating said

polypeptide having increased Fc-mediated cellular cytotoxicity.



at | east one a nucleic acid encoding a pol ypeptide having Man Il activity
under conditions which permt the production of a polypeptide selected from
the group consisting of a whole antibody nol ecul e, an anti body fragnent,

and a fusion protein that includes a region equivalent to the Fc region of
an i mmunogl obulin, wherein said fusion polypeptide is expressed in an
anount sufficient to nodify the oligosaccharides in the Fc region of said
pol ypepti de produced by said host ggll; and isolating said pol ypeptide.
[0036] In an additional aspect, a nethod for producing a pol ypeptide having

increased Fc-nediated cellular cytotoxicity in a host cell, conprising
cul turi pgh3ey Nostr GRbtherCRPicNaRE Brhsdn® i RS dﬁfecté@aﬁa RRAE! €l ¢ aci d
encodi ng GalT and at |east one nucleic acid encoding Man || under

condi ti ons vitrPdusinges pelypeptide ingknstiestl eompising: (o) splivrng seosstlect ed from t he

group consi Sérgﬂﬂm%ﬁtoaexﬂl@ Iageﬁlngaggra%%q%l n,f%(gy?)eﬁ'%&ethﬁe of ragnent that

i ncl uded the reglion o I munogl o . Xpl’eSSI on | evel
of one or boMannkid&s1IT activitybumdér conlisions Whicks pemtit the prwshiction ofhe

cel P and wheb Sieidheliilefior B8R Rnet it RUIRRI AR RAPENE °C, 7Y 27 © 1O

cyt ot oxi Ci tyalmbo@ﬁ'gwhttarﬂhﬁsmn@rommhilndndmgiameqmwhmmnﬂc sai d

pol ypepti de haV| n d,. nedi 2Le ot ax CI -15- [0037)
I n anot her as é%f’pmt 5“ B%g& Whﬁ‘{?gl 891 L‘%&%@%ﬁeﬁ thod for
produci ng a mwpepxprekeedlmareanmnntsuﬁ'miehttonmdi]ﬁyﬂlsohmsacﬂm)xdesuﬂthmr| ng a host
cell enginegred to

XDr ess | east one oy ncodi.ng a pol ypepti de
havi ng a- Ma ng'ioagg%mqoqo%@g?%ip ulcﬁﬁlé’g g&ﬁ% c?li 3%‘2&%‘? gaﬁn%%ar‘%t t he
producti on oﬁolﬂnepmidpyqsmpidihjze;mﬂdnbﬁmﬂm fromthe gr oup consi sting of a whole
ant i bod ecul ant i rrent a i 0 ot.ein that
i ncl udeimggi egi o ea(ﬁ‘ﬁtihVaf‘sé’ﬁct g% Ifrﬁ ’(Pveqﬁ@ﬁllﬁ)% %io i 88Fobul in, wherein
sai d pol ypepéngdﬁerb@ﬂeﬁge@aﬂbﬂmmdaaeadldencwhga/pougpepﬁde@xﬁﬁ@&sed in an anount
sufficient to nodif he. ol i sacc arides in the on. of said
pol ypept i de %{F'Eﬂfﬁ‘él@% I&)ﬁcté"t? Fstondifipys. whigh, perpt ’ihgé’F%é‘F ‘I}}a #d polypeptide
produced by ﬁcﬂj(ﬁpﬂiﬁb%éleﬁ@iﬂ'omﬂl@@ﬁ&[iodn&sm(b?hﬁholaﬁﬁﬁﬁﬂymblhﬁﬂepﬁﬁsent i nvention
is directed to, a, host cell lel neer%\ngt ress at aséleone nucleic acid

encodi ng a p?ﬂt‘%@’pﬁﬁgﬂlémh‘%‘iaﬁﬁ‘ protem fudss region equivalent to
region of an immunoglobulin, wherein said polypeptide having a-Manmosidase II

E

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 recepior binding as a result of said modified
oligosaccharides.

BRIEF DESCRIPTION OF THE FIGURES

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



Mannosi dase Il activity under conditions which permt the production of a
pol ypepti de selected fromthe group consisting of a whole anti body nol ecul e,
an antibody fragnment, and a fusion protein that includes a region

equi valent to the Fc region of an inmunogl obulin, wherein said polypeptide
havi ng a- Mannosidase Il activity is expressed in an anmount sufficient to
nodi fy the oligosaccharides in the Fe region of said polypeptide produced
by said host cell [0039] In yet anothgr aspect, the present invention is
directed to pol ypeptides produced by such host cells, particularly
ant i bodi es having increased effector function and/or increased Fc receptor
bi ndi n&g@ﬂ:} resuiiG of sAUDIRSE-MsCthectint 99 H8GFNibsk8ccharkid! fslx DESCRI PTI ON OF
THE FI ES[00401 FIG 1. MALDI/ TOF-Ms spectrum of "neutral oligosaccharide
m x deri ved dervsefrosrisensitinant, slycornaasaredantiCRIQ lgil ansbedyipradaeadd) anti - CD20

|Gl ant i body ppkadiGeded cleﬁ%kiél%nmg Will R ERE Rt Bent | body

expressi on vector _ Nt 1 bo was “puritied from culture nmedi um and
ol i gosacchar ivtrescorkanefeptedwilh andibodycxpmssiopredorpE TRAS@andwith GnTlhe Mat eri al s

and Mt hods i Igﬁﬁﬁg 16 ] gﬁhq OF- M5B spect rum
of neutral oIe;§t o%sg)%cwr?gﬁ e m'éé ePP?/dégvaf%]ggr#%igzog‘l i nan . g é/n-cﬁoengi neer ed
anti - CD20 | g@ligesatahbidty werequieraeed and mnaBizkd ssrvigionibet isdhadistaridnamsd ei ¢ aci d
encodi ng w | "t Eﬁ!“ . Cells were co-transfected with anti body
expressi on v%ﬁ%%ﬁé an@iev&i‘t h GaTIl|l expression vector pETRI 166.
Ant i body{0& puri Fi@3. f MAARITQIMS specdiumoéi melutrad loligsabaitermoes wer e
prepared and anal.yzed as .described .in the.! Lial s..an t hods section of
Exanpl e 1. [d%ﬂﬁdyﬂé%eu. ngdﬁ%%ml% anngﬁ ‘g'grol}%f%&gosacchari de
m xcl deri ved i BN ewpimeated rvdtht a nuglejccariheicoding e dusiont polypEtiel (Y& - anti body
produced in S&ngi.n L t.h a.nucl.ei.c .aci di a_fusion
pol ypeptide ( E%%d%ﬂ ?ﬁ&ﬁ\ﬁvﬁ‘ﬂwﬁq’ﬂ?%@twgﬁ gﬂﬁ‘%’q o@g?lFﬁté°3 via a
GnTl - Gol gi | doakinz &lellowere dotransfecte@atith antivexie expestivanate@EFR 152t h ant i body
expr essi on vector. 502 and with | .expression yxector pETRI 425.
An[) i body was aB rvslnﬁhlp r G Ryession vevc\:%r pE(ﬁHtHS Anél?ody was pun}tle(f '%rom P

-culture medium 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-
GnTI”) with GnTIH activity and localized via a Golgl alpha-
mannosidasell(Manil)-Golgi localization domain. Cells were co-transfected with
antibody expression vector pETR1502 and with GnTIII expression vector
PETR1506. Antibody was purified from culture medium and oligosaccharides
were prepared and analyzed as described in the Materials and Methods section of
Example 1.

[0044] FIG 5. MALDITOF-MS spectrum of neutral 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. MALDI/TOE-MS spectrum of neuiral oligosaccharide mix
derived from recombinant, glycoengineered anti-CD20 IgG1 antibody produced



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

reconbi nant, gl ycoengi neered anti-CD20 1gd anti body produced in BIB

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

mannosi dasel | (Manl 1) - Gol gi | ocal i zatjpn domain. Cells were
co-transfectedwith anti body expression vector pETR1502 and with GhTlI U
expression vector PpETR1506. Anti body was purified fromculture medi um and

and Vet hods. SLAEKREANRERRRLES RS BRRL AL TRER I’ o0 et um of

TR TSl gy Sk

cel | s.g >C/:el I s%ﬁi?%%@@t@g@?cﬁ%%@%dggg eecé’gﬁaﬁ?:e%%@? r pETR1520.

Ant i bOdé vvazI aﬁﬁhoﬁiie&ﬁeﬁsﬁ@gvmdr_tpmnb 1520e ahid with MG T @@&aﬂghﬁ/gdtﬁez were f
‘ t : t

Banpl o 1| 0BIR1 B AnBook REE IS 08 ISP NS P, QISP g0 acchar | de.

m x derived vetepRpat@andinaBnid as gbysid nothe PRiceiels ait Methd@éctibd ofant i body

produced -17-_in HI%K293- EBNA engi neered with a nucleic acid encoding a
fusion pol ypdPErREL ("M2-GnTI11") with GnTII1 activity and |ocalized via a

Gol gi al pbss] mannpgs dagat OMROFIMNE §pebiel of hafal d1i%addceari@iBi darivedel | s wer e
co-transfected with _anti body expression vector pETR1520 and with GTl ||

expressi on vdOFbFecoRREts gycoepgpoerdintiyR2G, [5G pritbofy gFRdBEAdt By ¢ medi um and

ol i 9osacchar IR 93 WA, &) @ ith R Ghuleia kyid eAbodmg QGBI ptiiet he Materi al s
and/ Met hods section of Exanple 1. [0046) FIG 7. MALDI I TOF-MS spectra of
Atk (ﬁmlvé

neutral ol i géMECRAIT Givity (5 foseligati Yiand | Oqjgly aiBBigi neer ed

anti - CD20 | g@hanAdstdaIRiMaii)aSHIS Sstalizationtdoid@ ScEBMNAr R AaRGiRA i th a nucleic
acid encoding a fusion polypeptide "M2-CnTIL1") with GaTlIlIl activity and
| ocal i zed vi &3Pody|cgpresiopngstor pETR1520 and with GnTI expression vector

pETR1519. Antibody was purified from culture medium and oligosaccharides
were prepared and analyzed as described in the Materials and Methods section of
Example 1. (a) Oligosaccharide profile of PNGaseF-release oligosaccharides with
no additional enzymatic treatment. (b) Oligosaccharide profile of PNGaseF-
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 corplex bisected oligosaccharides. (b) By distinguishing between
coraplex- and hybrid-type oligosaccharides, Endo-H treatment allows to make
structural assignments to oligosaccharides peaks that have the same m/z ratios in
the MALDI/TOF-MS spectra originally resulting from PNGAseF ireatment.

[0048] FIG 9. Antibody-dependent cellular cytotoxicity (ADCC) of “Gl-
GnTII"-glycoengineered vs. unmodified recombinant, anti-CD20 chimeric IgG1
antibodies. Both antibodies were produced in BHK cells. Production and

glycosylation profile of the glycoenginereed antibody is depicted in Fig. 3 and
those of the unmodified antibody in Fig. 1. Target cells (T) were SKW6.4 human
lymphoblastoid cells. Effector cells (E) were freshly-isolated human PBMC. An
E:T ratio of 25:1 was used in a 4-hour incubation ADCC assay measuring

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



mannosi dasel | (Manl1)-CGol gi | ocalization domain. Cells were co-transfected
with antibody expression vector pETR1520 and with GhTlIIl | expression vector
pETR1519. Anti body was purified fromculture nedium and ol i gosacchari des
were prepared and anal yzed as described in the Materials and Met hods section
of Example 1. (a) Aigosaccharide profile of PNGaseF-rel ease

ol i gosaccharides with no additional enzymatic treatnent. (b)

A i gosaccharide profile of PNGaseF-.igel ease ol i gosaccharides further

di gested with EndoH 100471 FIG 8. (a) Schematic description of the

EndoH- cat al yzed di gesti on of oligosaccharides. EndoH can digest hybrid (and
hybrid bi seclrgh. us@ﬁad@@fgmt%f@&%ﬁﬁo@?ﬂ&'a%ﬁom%&&ﬁmﬁs Abiggsaccharides. (b)

By di stingui shing between | ex- and hybrid-type ol |1\gosacchar| des, Endo-H

treat nent aImwweﬁﬁk@nhquwhmplaw%%dm@s%%m derdalchar i des peaks

that have thgy & g1 the MALDI/TOF- M5 spectra originally
resul ting fromW%ntﬁﬂgﬁngﬂ L [00481 FI G 9. Antibody-dependent cellular

cyt ot ox[0#9ly ( ADELY 16f ArgibodyGiependetit ¢tlliylon eytgionieity 6ADUE) olifvBdi f i ed
reconbi nant, - odi es were
produced in % gﬁltl‘g’ﬂ.oducg]mon ang%}&qlﬁ)&%g%&fa?l on pro?é(?le of the

gl ycoengi nerantibiodasst Bbthdyhho&edwgraptodubedmﬁ@%&%eeﬂsritreductidirt he unnodified
col 1 5. Ert octbveapot BhieF e et hal ot A i R tan £ T ratio of
25:1 was usemhdrtlmsaoﬁthdnmunmdnﬁeduhﬂiodpmmmmyellséﬁ)smre S\@WGGM otoxicity by

| act at e dehy. r ve t naxi - rel ease
(using a deter aQﬁ ﬁ:}?g{"é ﬁﬁ?‘%’&?ﬂi} @H gﬁs flg?y}%tg%?m?@ ease (culture
ITEd)I um i nst eBERMGT AmerrbaﬁkyM?;‘bhmh@d mglaboudatcﬁbalhsn ADEMassoyr | bed in
Materials and Metho sect le 1 0491 FIG.10,

Ant i body- depBRGeET é’gﬁ%‘f tb g%mg? 8%3’ Bé%% ?aasel\l/‘ﬁlatwe foa

GhTHI " - gl ycaﬁmgmnmeeledemmgtmmdgm Mteae@ﬁaiiﬁmay)tandampbntmﬁh chimeric 1gG
ant i bodi es. th (31 I bodi.es were pf ﬁé i n,  HEK293- EBNA..cel | s. Production
and gl ycosyl&6n'® mednugy Msigad of op ey Hit'\?‘gﬂs i®® depicted in
Fig. 6 and debcﬁﬁ:edﬁ;fmmﬁlm&wtﬁddeﬁbcamwmdmmen Fig. 5. Target cells (T)

were S oi d cel Ef fect or S wer e

freshl % ®| at e g‘%ﬂ% r}égp A}m%o ependent ce ular cytotoxicity (AES&I) oi( EI?/LZ—
GnTII-glycoengineered vs. “wi-GnTII”-glycoengineered recombinant, anti-
CD20 chimeric IgG1 antibodies. Both antibodies were produced in BHK cells.
Production and glycosylation profile of the M2-GnTIH-glycoenginereed antibody

is depicted in Fig. 4 and those of the wt-GnTTI-glycoengineered antibedy in Fig.
2. 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 delydrogenase (LDH)
release relative to a maximum release (using a detergent instead of antibody) and
a spontaneous release (culture medium instead of antibody) controls. Assay
details are described in Materials and Methods section of Example 1.

[0051] FIG 12. Binding of “M2-GnTII”-glycoengineered vs. unmodified
recombinant, anti-CD20 chimeric IgG1 antibodies to FegammaRIIIa 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 FegammaRTIIa receptor on their surface were isolated from a



PBMC. An ET ratio of 25:1 was used in a 4-hour incubation ADCC assay
measuring cytotoxicity by | actate dehydrogenase (LDH) release relative to a
maxi mum r el ease (using a detergent instead of antibody) and a spontaneous

rel ease (culture nmediuminstead of antibody) controls. Assay details are
described in Materials and Met hods section of Exanple 1. 10050] FI G 11.

Ant i body-dependent cellular cytotoxicity (ADCC) of "M-

GhTlI1"-gl ycoengi neered vs. "wt-CGnThyl "-gl ycoengi neered reconbi nant, anti -
CD20 chineric Igd antibodies. Both anti bodies were produced in BHK cells. |
Production and gl ycosyl ationprofile of theM2-GhTlII-glycoengi nereed anti body

I s depicted j I.g. - Ehﬂdeﬁﬂi y]@&? ichgered anti body in
Fig. 2. Tar%@to}:gglal en?%ev%g%?m gl%ﬁ%%aﬁ%% ynphobl as g’lga(n%’el | s. Effector
cells (E) viemmzfgous firp-gemeotariant thaheomtaims BB randn stBp Jodomwvitbinghe 25: 1 was used
in a 4-hour ¢incu L QN assay ring. cytotoxicityby |actate
dehydrogenaslt?acg é(r%%?léggé:‘gqur Fat i @goﬁ%ca“%%ﬁhﬂﬁg’%ﬁ%e t\sé%e{?ﬁjsi ng a

det er gent i neé=add by FAGS ndinglyn) FIEGdabeledaptihimme Ipthantibddydmeménty| t ur e medi um

i nstead of antibod ntrols. .Assay. detail.s.are descrjiped,in Materials and
Met hods sect PG5 jﬁep%"“f? °iffﬁ%@¥mﬁgém1 dy Bovg %gt?‘ﬁw Sehs!

" I\%- GnTI Ht')- gmmdiﬁga@émeﬁ&&avsiyiswngmﬂﬁ m‘mdspmml inih@ﬁ&atedﬁ@mke 01828 chineric
g ant i bodi es to FcqgonmaRVR _recept or., 0 NK cells.. B anti bodi es were
produced in ﬁé@%gﬁ%ﬂg‘i%ﬁ"\@m“_ Bi%ﬁéft?b(?ﬁ?ﬁéﬂ%@é@%%yﬁit ion profile of the
gl ycoengoosgy eed @i 130dBiriden M2-SATII-giybendinecd st iG6diAéd t he unnodi fi ed
anti body in Fig. .5 The hinding assay was perfornmed__as described in the

Materi al s an@eiRhing autsEPe9 erimeic igkhptipedias to Fpgammailla reeepiorotby hr essi ng

chamle | | aNKeseRP tiP the Pheskht@i of ifidrdabiff QonvehtPatiohP bRk @6mpdtaPIadti- 19- donor of a
genot ype known not_to produce chéatrrrraRflc rtesglggtc_)r (1. honozygous for a

; e., [
gene var i antFespamaRilantibody fagruent_RBotheombingg Weremrodueedi  FcgannnaR! | ¢

codi ng sequENPRIO3-KERAELENC MPARudtol OhfS G gylaﬁvne@sﬁw,of nmasured by FACS
using an FI TG | abell ed anti-human 1gG anti oq\é fragment, increases with the |
amount of r edlEiAeRERgEted frEbSy dy dpinidoint Big.t 6 and\fhosecof] the umppdifiedg det ect ed i n |
this assay igb6HAHRR 5. ans Mg & Sw%eﬁ%ﬁﬁédaﬁse Bibeli SE P @ conpeting
channaRIfa-hsdpemfic glnti body Fﬁrﬁaggn%ﬁt see Flu.?t{ 13).

aterials and Methods section of Example 1, but co-i ating the purified NK

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

with increasing and varying concentrations (see graph) of competing 3G8-Fab2
anti-FegammaRIII antibody fragment). Human NK cells expressing
FcgammaRITa receptor on their surface were isolated from a donor of a genotype
Jmown not to produce FegammaRTle receptor (i.e., homozygous for a gene
variant that contains an in-frame stop codon within the FcgammaRIlc boding
sequence). Geometric mean fluorescence intensity, measured by FACS using an
FITC-labelled anti-buman IgG antibody fragment, increases with the amount of
recombinant antibody bound to the NK cells.

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




[0052] FIG 13. Binding of "M2-GnTllI"-glycoengi neered vs. unnodified

reconbi nant, anti-CD20 chineric 1gd antibodies to FcgammaRI ||l a receptor on
NK cells in the presence of increasing concentrations of a conpeting anti -
FcgammaRI ]| anti body fragnment. Both reconbi nant anti bodi es were produced in
HEK293- EBNA cel | s. Production and gl ycosyl ation profile of the

gl ycoengi nereed antibody is depicted in Fig. 6 and those of the unnodified
antibody in Fig. 5. The binding assayjwas perforned as described in the

Mat erial s and Met hods section of Exa ?e 1, but co-incubating the purified NK
cells with reconbi nant anti body (almays at a final concentration of 3

compet | ng skl eiEh A8 08 RPN ke BODGRMIER RRRa B Be\ " b s
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i ncreases wi tFPORREantARtHD -G ibjorccHp i HAntibodies W&gﬁﬁref’?l’t?fhe NK cel I s.
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derived from_reconbi nant, "L19" anti bodi es’ recogni zi ngED- B+ i sof or m of

fi bronectin M%F@‘Buc%@%%@@%ﬂcﬂmo%@mﬁée of the gipepsagingresd ant i body

produced in Hﬁﬁ?&&%ﬁ%ﬂ&e&ﬁlﬁg 148 A leCs ot wiib i AsdidiBaMn B AUESSI On vect or
pPETR1546. (b) | ycoengi neered anti body producéd in HEK293- EBNA

cel | s co-t r ankHedunding WW%WF@MP@ aéi@mc@%ﬂﬂllbﬁl%étﬁws gEetbals and GnTl | |
expr essi on veekgh o?EIﬁlp'ié? (ﬁ%ﬁkﬁﬁ%&aﬁ%bﬁ:& foll] H&hg‘ Hefifheapm cul ture

medijum by protein A affinit r omat ograc? Sl ze- excl usi on - 20-
atiiomanig( 4udbgdy
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uffer top ‘Bﬁﬂ@'@i JMere prepare
and analy as describ g mﬁﬁﬁgdaﬁ/at eria g ajrllgg%g S Sggl%l on of Exanple

1. [ 0054!005516 15. FI& 46 nBindihg "afP MhGhTI-ghicoengimaered over wamodifiedunnodi f i ed
reconbi nant, Gk FE YU, Ted hFn Rt Rk ERaR R TG GRRTRR | b receptor

NK cells from different donors. Both antibodies were produced in HEK293-
EBNA cells. Production and glycosylation profile of the glycoenginereed
antibody is depicted in Fig. 6 and those of the unmodified antibodyin Fig. 5. The
binding assay was performed as described in the Materials and Methods section
of Example 1. Human NK cells expressing FcgammaR1IIa receptor on their
surface were isolated from donors of a genotype kmown not to produce
FegammaRTlc receptor (i.e., homozygous for a gene variant that contains an in-
frame stop codon within the FegammaRlc coding sequeﬁce). Two donors were
genotyped as homozygous for the 158V-“higher-affinity” variant of the
FcgammaRIlla receptor. The other two donors were genotyped as 158V/F
heterozygous for the 158V-“higher-affinity” and 158F-“lower-affinity” variants
of the FegammaRI1I2 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 FcgammaRIla-specific as demonstrated by use of a
competing FcgammaR ITla-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-GnTTi-



on Raji human | ynphoma cells. Both antibodi es were produced in HEK293- EBNA
cells. Production and gl ycosylation profile of the glycoengi nereed antibody
is depicted in Fig. 14b and those of the unnodified antibodyin Fig. 1l4a.

The bi nding assay was perforned as described in the Materials and Met hods
section of Exanple 1. Geonetric nean fluorescence intensity, neasured by
FACS using an FITC | abell ed anti-human 1 gG anti body fragnent, increases with
t he anobunt of reconbi nant anti body heund to the Raji B-cell |ynphoma cells.

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

reconbi nant, anti-CD20 chinmeric 1gd antibodies to FeganmaRMa receptor on

NK cel l's fromygl 0 ] ' =YX gQ.QIFI i n HEK293-
EBNA cel | s. @%ﬁ%ﬁe%&)gﬁgﬁb{h%%gﬁ ﬁ;@g@gﬁg@gﬂ?@gﬁo_ t(ﬁ{ g ;ﬁ/lg%'engi ner eed

anti body is diprestiemof tADRiigopeabiyrlinked sk 2 InTHH expressiodivia @udlRES i body in Fig.
5. The bindi sa as _descrihed, erials and

Met hods sect iege%le%fﬁ‘ Tgﬂn%l”g%r?&ﬁ%ﬁn’%gﬁmﬁk%cz " ?Qéibhregegésr?%a csgaélmle I'la
recept or on tibdrert maker faro@n T erpressioh aMesh dnd geonthtrivanean diuc@sogaceot ype known not

Contains an FEAAREECEBRODBNOR- WP SO S gRRE st DRy coquence)

Two donors welefor the RaldyprdeEnddonozygous for the 158V-"higher-affinity"

variant of the F¢ Ril1la receptor. The ot her, two, donor.s were genotyped
as 158V/ éos eter of%g%m%?%'ﬁgww @%P@agf’{lgﬁf“icymdgﬁ&]"me‘

158F-"| over - afefivddi frdn MAGHENL-glycdehgihditdheannpimm, |8 ODRoediReic Geonetri c mean
fluorescence .intensity, neasured P/ FACS using an FITC | abel |l ed anti-human

| gG ant i body WBFhgRERdY Frofuredael YR-281d esHdist Cell lipecfiB?d¥ant anti body

bound to the pifigibh and & @Hcaﬁﬂdéi?fcﬁmmamaﬁ yofs 26 8@¥ribed in the
FcgamaRl | a- s?gigci_fi Cc .as dggrmns_tra ed 1% use o%‘”sa conpeti ng

FcganmaRl | | a-Mperals snd Methods srgtion of Fxampe 1( see Fig. 13). [0056] FIG 17. FACS

anal ysi Syoaks)t 1 uncateeth. GRALDYEBAMOHRERRS byl ofi@kadiifiac bOR28 (Wi | d type)
and, (b) clone BHK-1502-28-11 (M2-GnTII] -21- glycoengineered) stable,

chimeri ¢ ant idedrsgohfRiGaeh-rdnaempligesoerhanidegand Sirther digestion with Badeld.si on of tCD4 is
T 11 oxpr oo, M2 RTADU oGRS Mot 2ihL0RC enfdofonl 1 PETFISST
antibody produced by BHK-1502-28-11 cell Line. Cell line, antibody purification
and oligosaccharide preparation and analysis are described in the Materials and
Methods section of Example 1.
[0059] FIG 20. Binding of “M2-GnTII"-glycoengineered vs. unmodified

recombinant, anti-CD20 chimeric IgG1 antibodies, produced by stable cell lin¢s,

to FcgammaRIlla receptor on NK cells. Glycosylation profile of the
glycoenginereed antibody is shown in Figs. 18 and 19. The binding assay was
performed as described in the Materials and Methods section of Example 1.
Human NK cells expressing FcgamnmaRITla receptor on their surface were
isolated from a donor of a genotype known not to produce FegammaRTlc receptor
(i.e., homozygous for a gene variant that contains an in-frame stop codon within
the FegammaRIIc coding sequence). Geometric mean fluorescence intensity,
measured by FACS using an FITC-labelled anti-human IgG antibody fragment,
increases with the amount of recombinant antibody bound to the NK cells.
Binding detected in this assay is FcgammaRTIa-specific as demonstrated by use
of a competing FcgammaRla-specific antibody fragment (see Fig. 13).

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



i ndirect marker for GnTIR expression. Mean and geonetric mean fluorescence
I ntensities were, respectively, 27.6 and 19.9 for the glycoengi neered and

4.7 and 4.1 for the wild type cell lines. [0057] FIG 18. MALDI / TOF- M5
spectrum of neutral oligosaccharide m xture . derived from

M2- GhTM gl ycoengi neered reconbi nant, anti-CD20 chimeric 1gGl anti body
produced by BHK-1502-28-11 cell line. Cell line, antibody purification and

ol i gosacchari de preparati on and analpgsis are described in the Materials and
Met hods section of Exanple 1. [0058] FIG 19. MALDI/ TOF- M5 spectrum of
neutral oligosaccharide m xture derived, by PNGaseF reI ease

ol i gosacchar . P#IE Eﬁlﬁ‘ .
M2- G1Tf - gl yc%ngﬁg?%ggrélc %?%eﬁtq)ﬁe%?ﬁ{dhgggn %fgn |rrer| o %C&Dn ant i body
produced by &idiglycb6Patips piofileafthe flycvengh@edel ahiitrody isadepicteddiyBigré f i cati on and
ol i gosacchar | reparatio d,. l.ysi s e described i Materi al s and
Met hods sect?‘ngﬁhc% 5%%@%n%€é@]“¥%|gé a’gar '% %%(tg SRVM]‘?
"M2- 1Tl | - ginys dyyghioblastoid delisS Huullaﬁrudmﬂlmmﬂnwamedm”haﬂﬁsay apsis - CD20 chinmeric
| gGlL antlbodl r o stable c I|n | 1a receptor on
NK cells. M%H?&}EHT%’ $¥59Y) aﬂ@ ﬂ&%&@g’n% ody is shown in
Figs. 18 andMéﬁgdsTshamalolﬂQx@ﬂﬂassay was perforrred as described in the
Mat er i aI &E‘Sds sectl n_of Exanpl e uman NK cel | s expressing

r ec
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gene variant that contains an in-frane stoR codon W t hi n the FcganmmaRI | c

codi ng sequefhidsymal Mﬁ%ﬁaﬁpﬁe‘?ﬁﬁ@ﬁ(ﬁﬁ% el ip BEEA3-EBNA callsasur ed by FACS

usi ng an Fl Teylakeladmd afddy Hﬁﬁ&dlxﬁmsmlﬂxfsélﬁ%ﬁﬁ&oted wikgreases with the
amount of reconbl nant anti bo bound to the NK cells. Binding detected in

this assay | &tipedyswprarionvacty & AN famiHalyopensinesipd gaidodpf a conpet i ng
FcgammaRDI a‘ﬁB&fcbci:h‘i—Iﬂ@bBMA ée[l?&f@aﬂ& ec(t&levﬁth'%hﬂbod%é}pres&mﬂor FI G 21.

Conmpl enent - nmedi ated lysis (CW) " aTll" coengi neer ed vs.

unrodi fi ed rREGHRHZhmd ﬂmwémm@mﬁ@maﬁ BOﬂQEmtlh ¢S5 es. Bot h
antibodi es “ﬁﬁﬁie@ﬁ&ﬂ‘dﬁlﬁ%ﬁa@dﬂﬁ'ﬁ?&%&ﬁﬁ“ﬁﬁﬁﬁ} Ufomdts SAHG A IRWed by

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

G)

Example 1.

[0062] FIG 23. Antibody-dependent cellular cytotoxicity (ADCC) of “M2-
GaTII"-glycoengineered vs. unmodified recombinant, anti-EGFR chimeric IgG1
“C225” antibodies. Both antibodies were produced in HEK293-EBNA cells.
Production and glycosylation profile of the glycoenginereed antibody is depicted
in Fig. 22b and those of the unmodified antibody in Fig. 22a. Target cells (T)
were A431 human squamous carcinoma cells (ECACC No. 85090402). Effector
cells (E) were freshly-isolated human PBMC. An E:T ratio of25:1 wasusedina
4-hour incubation ADCC assay measuring cytotoxicity by lactate dehydrogenase
{LDB) release relative to a maximum release (using a detergent instead of
antibody) and a spontaneous release (culture medium instead of antibody)
controls, Assay details are described in Materials and Methods section of
Example 1.

[0063] FIG. 24. The nucleic acid sequence and amino acid sequence,
respectively, of the Mannosidase I - Gn'TII fusion polypeptide of the invention.



and gl ycosylation profile of the glycoenginereed antibody is depicted in
Fig. 6 and those of the unnodified antibody in Fig. 5. Target cells (T)
were SKW5.4 hunman | ynphobl astoid cells. Human conpl enent was used for the
assay. Lysis was neasured by LDH rel ease. Assay details are described in
Materials and Methods section of Exanple 1. 10061] FIG 22. MALDUTOF- MS
spectra of neutral oligosaccharide m xtures derived fromreconbinant,
chimeric 1gd "C225" anti bodies, regagni zing human epidermal growth factor
receptor (EGFR), and produced in HEK293-EBNA cells. (a) Unnodified antibody
pr oduced in HEK293 EBNA cells transfected with antibody expression

vect or p ( bprgMas 50 ht riule %C%&%bﬂéxéeeofaﬂﬂaogﬁd ﬁ%ﬂb@ed in

HEK293- EBNA ceI | s co-transfecte I b expressi on veétor pETRURSI 28
and GnTM expresstivaly, vétha@nTﬂE'mﬂJSﬂDﬁmBa)pMmtddﬁdwesvmme puri fied from
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anti body) angyResSiBRRcER BRHR1326! 8@ filfioh GATITH I\gﬁyﬁ@daéﬁibfeﬂﬁ&?@ééto?f anti body)
control s. Assaé details are described in terials and Met hods secti on of

Exanpl e 1. S19).@ntibady was usitied fompeudurequed g and olisesaerhatideno aci d
sequence, r%ﬁ%%h%@ﬁﬂmﬁﬁeﬁmgﬂnmatéﬁﬂsa@&ﬁe‘ﬂlodééb@ﬁdﬁ%fpm ypeptide of

t he inventi on.
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.

[0067] FIG 28. MALDYT/TOF-MS spectrum of neuiral oligosaccharide mix
derived from recombinant, glycoengineered C2B8 anti-CD20 chimeric IgG1
antibody (“Cm™) produced in HEK293-EBNA cells co-transfected with antibody
expression vector pETR1520, fusion 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 ManII-GnTTiI fusion polypeptide, where
the GnTIII catalytic domain is localized via the Manll Golgi localization domain,
where the ManII-GnTTII-encoding nucleic acid is expressed either on its own




-23- [0064] FIG 25. The nucleic acid sequence and am no acid sequence,
respectively, of the GT-1 - GT-I111 fusion polypeptide of the invention.

[ 0065] FIG 26. MALDI | TOF- M5 spectrum of neutral oligosaccharide mx from

t he unnodi fied, reconbinant C2B8 anti-CD20 chineric 1g@ antibody ("Om")
produced in HEK293-EBNA cells transfected with anti body expression vector
PETRI S20. Anti body was purified fromculture nedi um and ol i gosacchari des
were prepared and anal yzed as described in the Materials and Met hods section
of Example 5. [0066] FIG 27. MALDI.b4.OF- M5 spectrum of neutral

ol i gosaccharide m x derived fromreconbi nant, glycoengi neered C2B8
anti-CD20 chineric 1gGL antibody ("Cbrt") produced i nHEK293- EBNA cel |l s
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(B)) A i gosaccharide profil e _of PNGaseF-re] ease ol igosaccharjdes further
di gest ed wi t99-EREFEEd ‘Té%éﬁhbﬁ‘%@ FCI%W%JW%%%%HPCI@QW{?I ar cytotoxicity

(ADCC) nedi adnestimyMain(ORY. iGivt adite ubiaddified) kdcB@binas CPRRCRGITDIEEr ed by
expression in HEK293- EBNA cells of a_nucleic acid encoding a Man]l-GnTI 1|
fusi on pol ypdprsgdsChpmtibady (“Cwt”) produced in HEK293-EBNA cells transfected

with antibody expression vector pETR1520. The binding assay was performed as

described in the Materials and Methods section of Example 1. Human NK cells

expressing FegammaRI1la receptor on their surface were isolated from a donor of

a genotype known not to produce FcgammaRTlc receptor (i.e., homozygous fora
gene variant that contains an in-frame stop codon within the FcgammaRIIc
coding sequence). Geometric mean fluorescence intensity, measured by FACS
using an FITC-labelled anti-human IgG antibody fragment, increases with the
amount of recombinant antibody bound to the NK cells. Binding detected in this
assay is FcgammaRIa-specific as demonsirated by use of a competing
chammaRI]iauspeciﬁc antibody fragment (see Fig. 13).

[0070] FIG 31. Complement-mediated cytotoxicity of chimeric anti-CD20
antibodies glycoengineered by expression in HEK293-EBNA celis of a nucleic
acid encoding 2 ManII-GnTHI fusion polypeptide, where the GnTII catalytic
domain is localized via the ManII Golgi tocalization domain, where the Manll-
GnTIII-encoding nucleic acid is expressed either on its own (antibody Cbrt) or
co-expressed in the antibody producing cells together with a nucleic acid
encoding Manll (Cm). Cwt is the unmodified, recombinant C2B8 anti-CD20
chimeric IgG1 antibody (“Cwt”™) produced in HEK293-EBNA cells transfected
with antibody expression vector pPETR1520.



the G1TlIl catalytic domain is |localized via the ManE Gol gi | ocalization
domain, where the Manll-G1iTI R-encoding nucleic acid is expressed either on
its own -24- (antibody Cbrt) or co-expressed in the antibody producing cells
together with a nucleic acid encoding Mani (Cm. OM is the unnodified,
reconbi nant C2B8 anti-CD20 chinmeric 1gd antibody ("Om") produced in
HEK293-EBNA cells transfected with anti body expression vector pETRI 520.
Assay details are described in Mategsial s and Met hods section of Exanple 1.
[ 0069] FI G 30. FcgammaRMa receptor binding of chinmeric anti-CD20 anti bodies
gl ycoengi neered by expression in HEK293-EBNA cells of a nucleic acid
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use) of a conpeting FcganmmaRl | |a-specific antibody fragment (see Fig. 13).
[0070] FI G 3%utibedyligngacehagidepratiletpfier NGl (hepd Badog{Prdigestionynt i - cD20

ant i bodipeysyl ycoergigeer ed Abibady Bfodadd bk Preskate 88:-FRMystRid 13 of a nucleic
aci d encodi ngﬂa Manf - GhTl LI _fusion pol ){ﬁ)epti de, where the GhTIH catal ytic
domain is | o84riDdindyioythe FeyRUH A receptor with highar affiniyithan thoyild e wher e t he

Manl | - GhTl | bsgagiedi ng nucleic acid is expressed either on its own (antibody
Cort)

or
[0076} FIG 37. Antibody-dependent cellular cytotoxicity mediated by
glycoengineered chimeric anti-CD20,

DETAILED DESCRIPTION OF THE INVENTION

[0077) Terms are used herein as generally used in the art, unless otherwise
defined as follows.
i .
[0078] As used herein, the term antibody is intended to include whole antibody

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

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

carboxyl-terminus.



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

wi th anti body expression vector pETR1520. -25- [0071] FIG 32(A-O).
Expression vectors pCLF9 (A), pETR1842 (B), and PpETR1843 (C). [0072] FIG 33
(A and B). Expression vectors for fusion protein Manll-G1T (A and Gai T
(B) [00731 FIG 34, digosaccharide pigofile of an anti-CD20 nonocl onal

anti body produced in the presence of a-Mnnosidase Il and relative
percentages of the structures found associated to the Fc portlon of the
anti bod 074] r9 an anti - CD20
nonocl oﬁ%q!;bgnti bo y%ﬁﬁoéécégﬂﬂgﬁ hegah %ngﬁag%{?gé t%ﬁFQ U%M ?r’fprot ein

Manl | - GalT imrmndglohilatmmmnqmmmnhd@mﬁydchmmgzlbhtwrmntsbﬁthnd associated to
the Fe portign_ofthe antibod ccharid r S el PNGaseF (A)
and EndoH (839 fﬁgboé's |a8r’1mmmi g@ﬁg@s‘gﬁs ""Rﬁ‘[‘tfﬁﬁ‘g% 5%\3 Lﬁif"l t he presence
011: f a- Manno? ﬁa&fel stub.lstgiMkl iddhiolﬂﬁl;o%deléﬂbﬂs EﬁlehEdhAdds e@emteﬁéasgn 'éh gi ghezj
affinity than_the e nt.i bodi 7 Ant i body- dependent
cel lular cyt Sbget ?F%é’é&&t"@ eﬂ?muﬁ?gj@%‘@% H@é‘ %eﬂ HAEPRODS ne i - CD20.

DETAI LED DESGRIPE!6hbddy dépdndénNyEiNGE %ﬂiﬂ)ﬁi@@] FoeeiEnph, Bnd\sraflorber ei nas
generally used in the artq,l un| esi R erw se efined as follaows. [0078] As

used her ei n, RQ 3¢idsAp e g APEe g ¢ &mweme Epegionodint i body
nol ecul es, Iaﬁkdﬁdmagomeﬁﬂ@mabstaa@hmm gRAhBbh.| SRR Gdrfahis (€. J.

bi speci fi c) anti bodies, as well as anti body fragrrent s having the Fc region
and fusion [SrbResFieeted sc5erding q gragalniptigonn tidheArts9ias forhay Fc region of an

I rmrunogl obul kffect orfAcBPitE NEQTR2S BEWicaY. €. BNBRiges 2830600 (BYob anti bodi es.
[ 0079] As used herein, the termFc region is intended to refer.to a

G-t er mi A8 1 egi ¥ oPsedn llle@@lsheﬁvﬁ%‘ﬁhl ﬁ"W’E’%ué’fW"t’ﬁe Rédidari es of the Fc
regi on of ANgeetylglucosaminyltransferase I activity" refers to fusion polypeptides that are

able to catalyze the addition of a N-acetylglucosamine (GlcNAc) residue in B-1-4 -
linkage to the P-linked mannoside of the irimarmmosyl core of N-linked
oligosaccharides. This includes fusion polypeptides exhibiting enzymatic activity
similar to, but not necessarily identical to, an activity of B(1,4)-N-

acetylglucosaminyliransferase I, also known as 3-1,4-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 Biclogy (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 III (i.e., the candidate
polypeptide will exhibit greater activity or not more than about 25-fold less and,
preferably, not more than about tenfold less activity, and most preferably, not
more than about three-fold less activity relative to the PB(1,4)-N-
acetylglucosaminyltransferase III.)

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



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

equi valent to the Fc region of an i munoglobulin is intended to include
naturally occurring allelic variants of the Fc region of an imunogl obulin
as well as variants having alterations which produce substitutions,
additions, or deletions but which dg~not decrease substantially the ability
of the immunoglobulin to nediate effector functions (such as antibody
dependent cellular cytotoxicity). For exanple, one or nore amno acids can
be deleted fgQ

Ser . -t erm. | of an
i mmunogl obul | nﬁh\/\k %‘%‘Eﬂh%lfg%ﬁgﬁn% %F%cs%%&%@%éépﬁﬁgg?%%g@gn. Such
vari ants canelteab®e| ex bettvitp of fild)aalattosyijeansiembe, pigd dsokmeswVDPA t he art so as
to have m ni pal ffe on,activity. ( e Bowi . U et al.,
Sci ence 247: %%6%19]§6°(§‘gd@qactfﬁ’b§ff%ﬂ§e Eggjd %ﬁa?é@n ,ac%?r‘felﬁ%itBntH ol ypepti de
“having 8(1, ¥pmbhclahee tGtnsthitiédd 82 MeNthtdniatibgd] AUASE of BlocBerhisty tayid refers to
fusi on pol ypﬁ@tldes that are_able to catal zze the_addition of a

N- acet yl gl ucHkflacBiclosr Qe TUBMB).¢s mepsyred.in 2 partieylas piglogicabastie p- | i nked

mannosi de of wither WifotPFEARYindeRy Cinlhe dhd WitkEdbse RpLideSIURRKICES. This
i ncl udes fusjonpol ypept.ides exhibiti ﬁr;(g enzymatic activity simlar to, but

not necessar itineed @ghbe ddantiead to ghat ft B 4-galestospiiransiorasg. but’ rather

acetyl gl ucosm@ﬂanyeiﬁﬁfa%mogé.a@eedeﬁ&ils'a%wana&vﬁ-{ls diBRAYSY! - gl ycoprotein
4- beta-N-acetyl gl ucosam nyl -tnnseferase (BC 2.4.1.144), "according to the
Norrencl at ur ethecﬁﬁﬂf*}saé@t%ﬂtr@m@rqsm@-,n@wicenthlatm@lmpme BilbeRebit st ry and

Mol ecul ar  Bi plegeia kg ok HRWRYe th@tib IR 25 4518 sd 4hd! 1%%4&6 Blp! ogi cal assay,

with or withdut dose dependency. In the case Where dose dependency does
exist, it nehoyt leefolddess actiniy. apd mosiprefhrablygfot more than about three-fold

i e Lot e AR D R e o T e o 1o he
(1, 4) - NABfE3L y| gl Ubsomanicivptid pepelynarlaatisle hiving 4 nugleotidehesuemnadiiehst e pol ypept i de
bref er abl y, - apoasR, o3 Aol ¥ o At RSloeRladiigid of e biledit 77 oot abl y,
not nore thamemdbuit istihtewded fthk thelrmslsotidetseauiense af dhegpolyomcleatidelie 0( 1, 4) - N-

identical to the reference sequence except that the polynucleotide sequence may

include up to five point mutations per each 100 nucleotides of the reference

nucleotide sequence. In other words, to obtain a polynucleotide having a

nucleotide sequence at least 95% identical to 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 FIG. 25.
[0084] As a practical matter, whether any particular nucleic acid molecule or

polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to

a nucleotide sequence or polypeptide sequence of the presence invention can be

determined conventionally using known computer programs. A preferred method

for 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




acetyl gl ucosam nyltransferase M) [0082) As used herein, afusionpolypeptide
"havins/ 3(1,4) gal actosyltransferase activity" or "having Gai T activity"
refers to fusion polypeptides that are able to catalyze the addition of a
gal act ose residue from UDP gal actose to the non- reducing term nal GLcNAc
found in N-linked oligosaccharides. This includes _27- fusion polypeptides
exhi biting enzymatic activity simlar to, but not necessarily identical to,
an activity of 0(1,4)-galactosyltrangferase, also known as UDP- Gal : G cNAc'
0-1, 4-gal actosyltransferase (E.C. 2.4.1.38), according to the Nonenclature
Comm ttee of the International Union of Biochem stry and WMl ecul ar Bi ol ogy
( NC- 1 UBMB) , Rl ' ' : ' | Lth or wthout
dose depende%??t I nu{lﬁgnégg%gq%%nggﬁé%gseg%%gﬁggﬁ%§h oéqug%cg', it need not

be identi cal AudRNA srquerice ofbespmparedinconvarinedisiodysa Jae repult ofsaidher

substanti al | Ly t - fhgfd ' 1yity as conpared
to the 0(1, %ﬁgﬁiﬁgsﬁﬁﬁﬁgﬁﬁﬁgﬂ?%?%? e }gﬁgi:é%%tug&p%\f{lypept i de will
exhi bit gr eFASTDEBCelignitent of DNt senuemses HacalaiietatpeRBatf fleity ess and,

preferably, Jmre {hap, abgut nfolq | ess, activit nd,nost preferably,
APAgETTaly cRulre YRS RS, bighe, oS

ol

not nore than

0(1, 4) - N- acefRehdpmieation Grong LenzthsD eCuats# Scbde=), GdpORARIEY, Gam8izeei ¢ aci d or

pol ynucl eoti ge_havi nugl eot i de. s n at.least,.. for exanple, 95%

PP nt s car~ ¢Enald PP RRY S0 aF e R R B Sip R heionidlaft ™ Thvent on, i
is intended twhixhedehis shortdreot i de sequence of the pol ynucleotide is identical
to the r ence uence except that_ th ol ynucl eqti de uence may

i ncl ude @b%o fiv@ﬁ%ﬁllew?gWQ{CF’Sﬁ%onﬁémtgﬁ‘ﬁuei%ﬁqmﬁqq’gﬁﬁu%%g%& the reference
nucbeotide S Sty efxtioms, ndt Becahdedf invdpiatideletions, @ biatal careptidnyinistheatddede havi ng a
nucleoti de sequence at, ] egst 95% j lcal to,a reference_nugleotide
sequence, up%'ktéSr%@Eso&mﬁfz’e?ﬂHﬁ?tg%#‘iﬂ%gééP’ﬁg{a%“ g?”é’ﬂ‘(':‘g%%récfﬁ‘ nce may be

del et ed or sgbsiiichtitngdf thaistibjed RefubREe whif lcslodihtéhg, pefrentddatitypeForof nucl eot i des

up to 5% of the total nucl eotaiﬁ%ei in%}ﬂe ef erglnce sequence may be inserted
into the ref SPUPREPINCER fBReated 2iha>' gf s’@%ﬂ}éﬁe CABHWIRE Bfiti re sequence

shown in eit hefcedt lidentity4é c@tectell By cdloulatifpOBé hurfiSer df BARE bf @dlquergt t er, whet her

any particular nucleic acid mlecul e or . .
sequence that are 5 and 3' of the subject sequence, which are not

matched/aligned, as a percent of the total bases of the query sequence. 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 nsed 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 i the query sequence) so 16% 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



pol ypeptide is at |east 80% 85% 90% 95% 96% 97% 98% or 99% i dentical to a
nucl eoti de sequence or pol ypepti de sequence of the presence invention can be
determ ned conventionally using known conputer prograns. Apreferred nethod
for determning the best overall match between a query sequence (a seguence
of the present invention) and a subject sequence, also referred to as a

gl obal sequence alignnent, can be determ ned using the FASTDB conput er
program based on the algorithmof Bgutlag et al., Conp. App. Biosci.

6: 237-245 (1990). In -28- a sequence alignnent the query and subject
sequences are both DNA sequences. An RNA sequence can be conpared by

converting U LS. 4N . i.d. al obal ljgnment is in
per cent idenF‘l?(ft%/e?a%f“@ﬁé??%@%%@é%ﬁ%%?ﬂ%%&“ ﬂ%%dgﬁ ﬁ%ﬁé@é%egﬁ‘rgnnent of DNA
sequences t osgabmesl Histinethe ddaidtionsiereaintamal duietions soliliat thereldra odrses k- t upl e=4,

M smat ch Penal t,y= ol hi ng.Penal t y=3 Random L.on G&.qup Lengt h=0,

Cut of f ScoregP,E%éi’fég#]@Fﬁ s ?s %ﬁgﬁg@h aﬁé’ﬁgﬁn%ﬁ%g%‘gmd\ﬁi&ﬂ%ﬁ/ Si ze=500 or
the | engt h ofudriiemshibife the peht Mdentiy coledatedBEFASTIDB tey eamialy shorter. [ 0085]
| ft he subj ect seq e&gg IS shorter.thy égelﬁuer sequence because of 5' or

3' del eti ons RGeS g8 GRLYbATeE P'ALT 3 gERGPISRSTaug e recti on nust be
made to thenfa&:ﬁéﬂ/il&nedm&&hé?u@ﬁ&@h@@eh@&aﬁﬁﬁ}%d@feﬂ%ﬁmodﬂ% not account

for 5 and 3' truncations of the subject sequence when cal cul ati ng percent
i dentity. FoMAmey,preeetons ariie MEeSTor g RERpssy oHpe PRETSIVEIIOR ends, relative to
t he quermomquencgya%aﬁpepﬂwmﬁig ah @@5Hol dodd sbquef 4t RstOfbr B¥anp®, cul ating the
nunber of bases of the query sequence that are 5' and 3' of the subject
sequence, whPeh "eRical o 2 gasTy FBOAridgrBiImcef the NIRPBURYEIM. {18 total bases of
the query Se%&i&@@that‘@ﬁ@éuﬁlﬁ&aﬁdsd&ﬂ&!c@@fthéiﬁbjeétﬂm%ﬁﬁﬁﬂ/i@ﬂdbﬂi&ﬁ%' s determ ned
by Yesults of the FAS | DB se%gfgnce ~alignnment. This percentage is then
subtracted f Fsenyecqpeice exeptitn e sibject palypeptifle seavenasynapineludp B e FASTDB
program usi n%ﬁﬁ%{ﬁ&%idfaﬂt%@ﬁbéf@%ﬂ@’am?&acﬁﬁ&tﬁgq #mib Ba4 percent
identity score. This corrected score is what is used Tor the purposes of
the present pouvense lsatheyerds, inphinin anplwieptide hiangsm aming agid sagyense of t he
subj oot SeqUEfIes; osaRadhsRi A EA R RiIdSARTRE §)th AT ML quitblish are not
mat ched/ al i gned wi ?ﬁ the query sequenlceséﬁar e’l%la cul at egm#{gr t he purposes of
residues in the subject sequence may be inserted, deleted, or substituted with

another amino acid. These alterations of the reference sequence may occur at the
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,



manual |y adj usting the percent identity score. [0086] 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 gnnment does not show a matched/alignnment of
the first 10 bases at 5 end. The 10 unpaired bases represent 10% of the
sequence (nunber of bases at the 5 and 3' ends not matched/total nunber of
bases in the query sequence) so 10%-8@ subtracted from the percent identity
score cal cul ated by the FASTDB program If the remaining 90 bases were
perfectly matched the final percent identity would be 90% In -29- another

exanpl e, a_9Gyhasw sEbliffhoeIQFHEORSPnEEIPRSEA Piiali=0sI Aghdaase query

sequence. This time the deletions are internal deletions so that there are

no bases on Siase5®) orghe largtheo themebiest apiae acid equenqe svhighe e isshartepot
mat ched/ ghg ﬁ”edA‘g% fuBfRct sB4RRE is %I:P»rt{slhﬂﬁn @1@ d'élé?;&] BRE G N dgNti ty

cal cul at'ed by FAS IS not “nmanua corre te ce again, only bases 5%
and 3' of thé3 mpd@leb@qwhbﬂ&amoﬁﬁm@ehmn& mm@@nmogm with the query

sequence arey gﬁﬁﬂﬂo'tﬂer%gﬁt%efﬁl?ﬂbfa&ﬁ hEr L4 @géaro%; ﬁ(%rag %ﬁltll ons are to

made for the purposes o resen y a poI ypepti de
havi ng an amfwrdﬂa@nilcgaqumhmsmanonseqfsme sifbgact sseqamsbevhen S8oglitingent i cal " to a

query am 10kt ARMEAHEN kol RLETEAL LGN AN by bl ended that the

am no acid sequerce I'S |de rca t he query
sequence exceq;iamtemwﬁaeysqltqneacthepmbq;belpmutylscemtﬂdﬂvgealarﬂgnngﬂml ude up to

five amno ag i on each 10 uery am no acid

al tera of.
sequence. ht u?“ﬁ%r fe &es oft&@gg |S?|qu51f)°8 pepet 85“41§3| n no acid
sequence at shlgasseqﬂaﬂde;\damareadnmmlmdfqhmg{wamamonesponimmbgeace, up to 5%

of t He ami no aci resi @? tbet% 3 ect se ence be i.nserted, deleted,
or substit ut &P 2 PIRAE REPe g S q“?ﬁé PAEBF t he reference
se](cquence nay_imat&[edghgﬁehesdeamnﬂeihgﬁremm&fwgﬂtmmse@tenmgﬁm' h@ins o:‘ the_ y
reference ampo acid, se nce ere n m nal positions,
i nterspersed ’@Ffﬂeé'?enfaﬁ %\Lﬁ? tfaﬁt"diﬁ‘?%ei’%% lﬁ‘?%th?a{‘]’ﬁlgm?h¥g’reence sequence
Or in one Or ab®fecFASTDB gioQtim WiIUHe speMﬂel‘llpﬁrahi&Ers;ﬁ:f&heﬂﬁﬁaﬁﬁﬂuenCe- [ 00881
I 0,

As & practical, Imtf.ete WISt HEL oAYRE HASH Yo WRER Pl B2t 1025t 80%

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

o8

subject sequence, which are not matched/aligned with the query sequence, are
considered for the purposes of manually adjusting the percent identity score.
That is, only query residue positions outside the farthest N— and C-terminal
residues of the subject sequence.

[0090] For example, 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-terminus.
The 10 unpaired residues represent 10% of the sequence (number of residues at
the N— and C- termini not matched/total number of residues in the query
sequence) so 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



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

nmet hod for determ ning the best overall match between a query sequence (a
sequence of the present invention) and a subject sequence, also referred to
as a g¢lobal sequence alignnent, can be determ ned using the FASTDB conput er
program based on the algorithmof Brutlag et al., Conp. App. Biosci.

6: 237-245 (1990). | na sequence aligﬂgent t he query and subj ect sequences
are either both nucleotide sequences or both am no acid sequences. The
result of said global sequence alignnment is in percent identity. Preferred

paraneters usged.in nd al i gnnent . a Mat ri x=PAM O,

k-t upl e=2, cgeﬁ%?’éﬁ]amﬁ‘gﬁg}(%ﬁbjﬁﬁlrﬂﬁm %ﬂr{ecmﬁobn é&tl on G oup
Lengt h- 0, QJESdeheﬁﬁﬁfoﬁs—butmde&HeNWﬂd@WxﬁnZl&ﬁﬁﬁmﬂl&mﬁ jedt eR@edee, a6ap Penal ty=5,
Gap Size Penglty=0.0 w Slze5 orthel th of the subject am no
aci d sequencgJ léfﬁd ﬁ#ﬁﬁ% glﬁb&@]mffnaF de‘@ﬂ‘@%quence is
shorter than ﬁ@ysﬁumcym&mﬂﬂmoﬁlmu@r h&oahernﬁnﬁﬁbéﬁdaﬁ&nsd@tetl ons, not
because of internal deletions, a manual correction nust be nade to the

resul ts. Thi &€ madeonts swppsseotheBnLiR¥EHgl does not account for N- and
C-t er m n@bo1f r uncahi @e&heéin lahGclsie Bdi@ bt %d%%d%ﬁﬁg&ﬁbdﬁ&i‘n@ﬂs" ng gl obal
percent identity. For subject sequences truncated a and C-termni,
relative to tha myeleiracidesausnescof the dnvsations sefers de gtpolxpurleotidg thasct ed by

cal cul ating P%hdliék' ﬁméh‘i‘%dcﬁbh%%n%h? W SR & IHBAGH: 5@t are N- and

C-term nal [ Sequence, are not matched/ al i gned with a
correspondl n@ormam}decix S$@§456u@4Ml,aﬁpe%@dwmﬂh)eS@mMISOMes of the query

seduence. WIghStudobPRd enahiia e 9 Aned LfIShenplong by results o

t he) FASTDB S ment rcen e 1S then racted fromthe
percent i denﬂmamkdiemﬂmmeEUA &ibbw&@%&ﬂmﬁt%srm.éx ng the

speci fied paﬁgegé 65t’@ arrive at a final percent identity score. This
final percen Fromt y Score is what is used for the purposes of the
present [0082gnt i onAs et fierexmsihel @R Golii UdraliditiomBeind tefdriniorthe &fiind he  subj ect

sequence, whi ch are n che [ al t he uence, are
o T s T B petshst ot e e e Y M i RN L BEERE  heat 1ty
sécore_ Tlhat itl I, loGdiiol veitld Yhe! 66Tl UemMIOS| IGeaaally Ubdlicktioh emkidg t hest N- and
-term na

comprise amino terminal "tails” of an enzyme. .

[0093] As used herein, the term effector function refers to those biological
activities attributable to the Fe region (a native sequence Fc region or amino acid
sequence variant Fc region) of an antibody. Examples of antibody effector
functions include, but are not limited to, Fc receptor binding affinity, antibody-
dependent cellular cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis (ADCP), cytokine secretion, immune-complex-mediated antigen
uptake by antigen-presenting cells, down-regulation of cell surface receptors, etc.

10094} As used herein, the terms engineer, 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. Purthermore, glycosylation engineering includes the effects of mutations

and cell environment on glycosylation.



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 jgunber 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 nt identi u e 90% .l n_anot her e, 90 residue
subj ect F[ﬁli% uence& gse%:)éﬁrr)\é\%fgg t%[ﬁﬁmta/ce{lloﬁv?r%ﬁl}ﬁ ed%g%uﬁ%éﬁsge ce. This tine
t he del et i onwhichrcan beunginaatd thedendrate imbdified ghesforms of prdeing pratkies at t heN- or

C-termni of _.the subject, sequence ich are not. natched/aligned with the
query. In thfastpeplso Pﬁ%“dﬁ%?@%ﬂ?h @'%?%@Hg?d%s@ép% I&@f@ﬁutﬁﬂngASTDB i s not
ganual ly lCorﬁfgfthq%oteiﬁmc&‘y%@ﬁ&,ntheﬁhﬂét)belwE@iedid@ldm' ﬁlht@ﬂ&: a@teﬁbde tS he N and
-term nal ends of, t ubj.ect sequence, . as | spl ayed in the FASTDB

al i gnnent , \Aﬂ?"&’l‘z%flrlé"eﬁd’ic‘ﬂtﬁ'hgﬁ?t&? § ‘Hie\f?}rﬂﬁ‘ﬁec%‘_f? 8, €Gu & ence are
manual 'y cor p@kdeeis) suciNes CHOEEIBBBHR! cdlif NSE LeRNSPR0 ®ell) YdPe made for the
pur poses of the present invention. | used herein, a nucleic acid

0091] As
that "hybri dyelema fels P3XP? mpwsr myslama 5l FER pellsgPERE65eHS 881 d sequence of

the inventi Ofybrid8i® béllsyRastcdlS)iNsastCEIROkndPPant &AL, to Mk dnufl) #48%, tup an over ni ght
i ncubation at, 42 Cin a solution conprjising 50% fonnam de, 5x SSC (750 mM

NaCl, 75 mM elsepelipramarisedvaihin afrmnpgonic saimahramspenioibet & cpiredpley  5x Denhardt' s
sol ution, 10% g@xiitiedesul fate, and 20 g/m denatured, sheared sal non sperm
DNA) fol | owed by washi ng the filters in 0.1x SSC at about 65C. [00921 As
used her®§98) the Lepseddistein. theoteaniFoamedivied) eftinian iorasicdy iegdée anino acid

sequence of  anfiohglieRBhdelOlBRRRY kikolllihoiohidispRAREADY £ for anchoring

it inlocation within t | gi conmp General l'y, "l ocal i zati on domai ns

conpri se ani #duble Feifesion protgin| eontainting,f lewnay is-regibpOib 3§ apdmowael herei n, t he
term effect Oﬁlegﬂéﬂﬁﬁlil&ﬁinﬁgtﬁé ﬁrsiE Qf‘taﬂ%ﬁy-l?ir@t%eﬁs&lby “human immune
effector cells”, wherein:

[0097] The “human immune effector cells” are a population of leukocytes that
display Fc receptors on their surface through which they bind to the Fc-region of
antibodies or of Fe-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 Fe-
fusion proteins. The antibodies or Fc 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 Fc-fusion
protein, in the medium surrounding the target cells, by the mechanism of Fc-
mediated cellular cytotoxicity defined above, and/or a reduction in the
concentration of antibody, or of Fe-fiision protein, in the medivm 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



activities attributable to the Fc region (a native sequence Fc region or

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

ant i body- dependent cel lular phagocytosis (ADCP), cytokine secretion,

i mmune- conpl ex- medi ated anti gen uptake by anti gen-presenting cells,
down-regul ation of cell surface recepgors, etc. 100941 As used herein, the
terns engi neer, engineered, engineering and glycosylation engineering are
considered to include any mani pul ati on of the glycosylation pattern of a

|1
engi neer | ng. | S ASOPRLARER (Ewll bR R R s AN e nery
of a cell, intb¢sahntypyehbust cclisemsingutheasameratanddrd predudiongosdicsiear i de  synt hesi s
pat hvays. 10, o Syfnbh G 28k ALNSRSHAI: BBk bk RN E RS FHPT o052 11

cells. Furthernore I'on’ engl neering 1nc ects of

mut at i ons  anttlatc dhd mh\heemrmminbedomsrghgstosm amgmearedr 32-exp¥8O3he As used
herein, the t rm cel cel.l ul ar system which can be
engi neered t nﬁ lserar‘?ﬁgsp?ﬁie/ %?@5%‘?% &rj?’gcng P BT eins, protein fragments,
or pepti fEoojof | ntByc&m‘bc’dylhﬁtZthgldlcf@sm’FdnnmId@&ndﬁﬂtdlhbdyyfbmﬂgiment s, and
fusion protei i |caII th ost cel begn ul at ed to express
opt1 1 26d | ovAPE ST i ol ety BHe Bl ADXE, ArateL Py & o'
nannalian cuhhﬂﬂeﬂmm@dh@mm&ummea&xmmﬁw@hnhﬂmeBHKkea&kﬂmdﬁﬁmhﬁelIs, SP2/ 0
cells, g:ﬁa cel.ls 3X63 nouse nyeloma cells, PER cells, PER C6 cells
or hybri domaj]é a§say§/5ea§§? P& s, insect cells, and plant cells, to name
only r\)ta few, but dhso &elab@ynﬁumwgaedumatMmmmrtaeﬁlgesaiﬂﬁe tafgetmal , transgenic
plant or cultured plant _or_ animal tissue, 96 used herein, the term
Fe- medi at ed & 5?}}%? ogpizedbyhe wtigsn- P‘H@PEB"@?H %FF%‘B’@? Ydependent cel | ul ar
cytotoxicity and gl lﬁfh%rasﬁayt Qﬁe@xumahyﬁ@@hamembyd anon‘émlowai- @elie- fU|SI 03
protein cont aj a hu Fc-r |nnune anismleading to
the lysis of(bﬁhﬂ? %@gﬁ%P@ﬁfﬁgﬂ uﬁ&dm ﬂmWﬁﬁﬁﬁé ®ctor cells"”,
wher ei n: [009&11sThe "human i mune effector cells" are a popul ati on of

| eukocyt es t hat

—

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

1) the PBMCs are isolated using standard density
centrifugation procedures and are suspended at 5 x 10° cells/ml in RPMI cell
culture medium;

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

iif) 100 microliters of the final target cell suspension above are
transferred to each well of 2 96-well microtiter 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 ooﬁcentration 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%



di splay Fc receptors on their surface through which they bind to the
Fc-region of antibodies or of Fc-fusion proteins and performeffector
functions. Such a population nmay include, but is not Iimted to, peripheral
bl ood nmononucl ear cells (PBMC) and/or natural killer (NK) cells. (0098] The
"anti body-targeted cells" are cells bound by the antibodies or Fc- fusion
proteins. The anti bodies or Fc fusion-proteins bind to target cells via the
protein part N-terminal 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-targeted cells” that are |lysed in a.

nerease | ! : . at are | B
gi ven {1 e, 3 GlisR SARGERE 6ALIAR Rledlt LRAMK: AEmelstEakysion Protel n

in the nediun ng the target ce chani sm’of Fc- nedi ated
cel lul ar cyt dndged of thy agtioily eautithdpant inslve)y a reduction in the

concentration of antibgdy, f - i &€l I 'I“ﬁgldl um
surroundi ng the targe'@?cel s*?grs%%ga?%%% r%gasgé%)e%/ogu?fﬁ’gs %@c@?s of a given
nunber of " anwdllsduithe phtegenthingthé labélled itangeh ceflsyeneivé Hemidmlitdrhef nechani sm of

Fe -nedi at ed lJ ul.-ar,. cvtot.oxi.city. .. The.increase i n Ee-nedi ated cell ul ar
Gyt ot oxi of y R BurGU B0 ikl or ind BfobSAcR R AP 205 CF by Che
salrrF anti body, hor Fc- fwiBi onh@m&]mimoﬁ?enpiuehmeh?@uﬁﬂl@dmfgtfmpel of host |
cells, using.the sane, standar roduygtion, purification, ornmul ati on an
storage net hold?fmwn%’r?c‘éqa?ga?fmu{%%témse skilled in the art, but that has
not been produced by hdf) GoOlliGokiagoNBePBMClsaspexsidniBaintli livyve) are

gl ycosyl transf.erase TLLI . the met hods descrihed rein. [0100) By

anti body haviaﬁgeq%ﬂﬁarcgi?héo E%fviia’b G ﬂeéﬁ?t’%%ﬁgth ?H%Fﬂaé?s(ﬂ&ﬁ city (ADCO
is Hmsant an gMcedhindy avithgmdaceaoesmbibacasietferanoiegl by any suitable
net hod known to those of ordinary skill in the art e accepted in vitro
ADCC assay is as foll o‘%&: ﬂeﬁeﬂgeﬁw?aﬁg%@’?%ﬁc &eﬂ%ar‘?ﬂf"ﬁ are known to
express the tiid geferimanitiliygfleatedGagibicitith (BR)!B quaifieq @mpianginae r egi on of the

anti body; 2) the assay uses human peripheral blood nononucl ear cells
(PBMCs), i solQt%e: from bl ood of a randomy chosen heal thy donor, as effector
cells; x)  the percentage of specific lysis is calculated for each

antibody concentration according to the formula (ER-MR)/(MR-SR) x 100,
where ER is the average radioactivity quantified (see point ix above) for that
antibody concentration, MR is the average radioactivity quantified (see point ix
above) for the MR controls (see point v above), and SR is the average
radioactivity quantified (see point ix above) for the SR controls (see point vi
above);

4) “increased ADCC” is defined as either an increase in the
maximum percentage of specific lysis observed within the antibody concentration
range tested above, and/or a reduction in the concentration of antibody required
to achieve one half of the maximum percentage of specific lysis observed within
the antibody concentration range tested above. The increase in ADCC 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 glycosyltransferase GnTIIL

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



3) the assay is carried out according to follow ng protocol: i) the PBMCs
are isolated using standard density centrifugation procedures and are
suspended at 5 x 106 cells/m in RPM cell culture nedium ii) the target
cells are grown by standard tissue culture methods, harvested fromthe
exponential growmh phase with a viability higher than 90% washed in RPM
cell culture nedium |abelled with 100 mcro-Curies of 51Cr, washed tw ce
with cell culture nmedium and resuspesgled in cell culture nediumat a
density of 105 cells/m; iii) 100 microliters of the final target cell
suspensi on above are transferred to each well of a 96-well mcroliter
plate; iv) thehaphsd 4535600 Paltdmsdiypitayl b5 MAON0 tHaOh @Ay B0 0. 04 ng/ m
in cell culture mediumand 50 mcroliters of the resulting antibody

sol uti ons ar e lgarhodyte sestristed idifiggentiatien antigemBpide commpply|refiired 9145t er pl at e,
testing in tidmlgi cate various antibody concentrations covering the whole
concentration range above; v) for the maxi numrel ease (MR) controls, 3
addi ti ondP1@3| | s  The nrésentivgntendansedion thedistdveryltabeigingetinganttpedy-cel | s, recei ve

50 mcroliter a 2% - 34- e S ' -NoR~iQR} ¢ det er gent
(Noni det, Sig Iofa(lg’?g %I{%su?%)efﬁryéls%t@g%l glgl%? h@h@%ﬁtﬁ%ﬁ{yﬂ&?gﬁ?ﬂ (point iv
above); vi) f ecetylpecospomnyiambersser Bl (@) SMyvitg ont dlehmtivay,ai{tid)-i onal  wel | s
in the plate containing the. | ed.. target cel | cejve B0 mcroliters of
RPM cel | cul %P%toﬁgﬁafff?ﬁafen(s@ﬁ} %cﬁv’tqhémgﬁcﬁpﬁlgﬁﬁ%%eo ﬁﬁe]l(?ﬁﬁ‘(%}ﬁ?nt i v above);
vii) the 96-wdbiaintof @ Golgi tesidphtapblypemide baultste attthoflisg eith afcrdagdd¥cg for 1
m nute and i ncubat ed. f.or hour at. 4C viid) 50 mcroljter f the PBMC
suspensi on ( p6?°ﬁ$t°f ; e%fﬁﬁﬁ'e an‘gdﬂ‘gﬁds?% eﬁﬁ%‘?{ 8@5‘??01% 0 ’aﬁ}f aﬁv‘%ﬁ
ef f egjt or : t ar gahtitwdles withinc@asell eZértct figator dad/opinaredsd At Rcepidrdipdihgi N an
I ncubat or under_ 5% t nosphere_at 37C for, 4 hours;. ix) the cell-free
supernatant frF ee?i’g%"\@mm CHaE y’éﬂé@gﬁ'ﬁﬂ’@ﬁ%ce@ﬁg’e}ﬁv &y rel eased
radi oacti vity ekfrBsionSof i fidldid iacid GledilE encgdififiBa polypeptide baving a-

Mannosidase IT catalytic activity. In preferred embodiments, the fusion

constructs having GnTII or GalT activity are coexpressed with nucleic acid

molecules encoding Manll or GnTIL

[0103] 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 $(1,4)-N-acetylglucosaminyltransferase III
(GnTIII) 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-acetylglucosaminyliransferase III and the Golgi
localization domain is the localization domain of mannosidase 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  f(1,4)-N-
acetylglucosaminyltransferase JII and the Golgi localization domain is the
localization domain of B(1,2)-N-acetylglucosaminyltransferase I (GnTT).
Preferably, the nucleic acid has the nucleotide sequence shown in FIG. 25 and
SEQ ID NQO:12. Alternatively, the Golgi localization domain of another Golgi
resident polypeptide may be used. In another preferred embodiment, the Golgi
localization domain is selected from the group consisting of the localization



counter; Xx) the percentage of specific lysis is calculated for each

anti body concentration according to the formula (ER-MR)/ (MR- SR) x 100,

where ER is the average radioactivity quantified (see point ix above) for
that antibody concentration, MR is the average radioactivity quantified
(see point ix above) for the MR controls (see point v above), and SR is the
average radioactivity quantified (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 specifi4g |ysis observed within the anti body
concentration range tested above, and/or a reduction in the concentration
of anti body required to achieve one half of the naxi mum percentage of

specific lysi it hi . ' nGent ' ange tested
2bove.  he: nar a3t ¥Rkt Buebd i DRk AL SURNE® T Fhe
above assay, nediaidast Ipandithelosdinatioadbmiiodyol-6 pore duoadirdnyfetabe sane type of
host cell sing {he sane standar roduction urifjcation, fornulation
and st ore{g]eosﬁrst hod)tél,a“ﬂﬁ'?r@ﬁef%?%l “'flﬁ8&;}?%?to&?ﬁf?§f‘é‘t EJR’F‘%OE&F Ci’Iie’%eci"r‘?éhart, but t hat
h?s notI been ]Ekbhtﬂdmﬁgiia)aciﬁas?pﬁ%lg; eﬁse@fbgbdlgﬁtreﬁébdb@a p&ﬁgepﬁcwtﬁsﬁlg tth -

gl ycosyl transferase GaTllll. 101 e i t he rmanti-

antibody is i HeEHIMacitseALenme %ﬂwnéﬁﬁ%oggﬁc‘/ﬁéﬁ) gr[?é]cﬁ qriFi(gﬂSanEecogni zes a
cel | surface SBQIDING:CSYILRpAGnt BPentiBh AISPHOBHSIsSHs An BélatdPmdRf abd| t ONS,

typically designated as the hupan B | ynphocyte restricted differentiation
anti gen Bp35, COBRAEE ¢ Pespare dhett Bybgidizeopder” pngepy copditionse9edt i nvention is

based on the @inrRMa6y _MeMWMcmMMQMﬁSiﬁ&%%ha&ﬁel I's to express
a novel fusion polypeptide havin Oé ,g})-N— acet yl gl ucosam nilltransferase
$EQ 8P PO:i(or

L1 (GnT 1T)  BRaupagb ehovyin FIp 24 F15-25g00 SEQIIN Vans| or ase

("GalT") acti Yhi YaveRlidh HORRA:Sdifdbted ¢ aft@dclited REcid 28H icBRpridy™ai N of a Col gi
resi dent polypeptide results in antibodies with i ncreased FC receptor

bi ndi ng af f i npedpenenat lpattBadet, Wh.86%ot6%, Jiks Phor W idenigelityBEy,  ant i bodi es
wi th i ncr easegygldife thedct Rown HFRN 94 Ha SHFIFPREAY JF%16.25%R4 §EQ LI ndi ng

ID NO:12. In another embodiment, the invention is directed to an isolated

nucleic acid comprising a sequence that encodes a polypeptide having an amino
acid sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to
the amino acid sequence FIG. 24 and SEQ ID NO:15 or FIG. 25 and SEQ ID
NO:13. The invention also epcompasses 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 B(1,4)-N-acetylglucosaminyhtransferase TII activity or,
alternatively, B(1,4)-galactosyltransferase (“GalT") activity, and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide. In
preferred embodiments, the fusion polypeptides of the invention comprise the
catalytic domain of B(1,4)-N-acetylglucosaminyltransferase Ill. In a particularly
preferred embodiment, the fusion polypeptides further comprise the Golgi
localization domain of mannosidase II or B(1,2)-N-acetylglucosaminyltransferase
I(GnTI). In an altemative embodiment, the Golgi localization domain is selected



can be obtai ned by engi neering the anti body-producing cells to have
i ncreased expression of a nucleic acid nolecul e encoding a pol ypeptide

havi ng a- Mannosidase Il catalytic activity. In preferred enbodi nents, the
fusion constructs having G1TlIl or Gaff activity are coexpressed with
nucl eic acid nol ecul es encoding Mani or G1TlIl. [0103] Accordingly, in one

enbodi nent, the present invention is directed to an isolated nucleic acid
conprising a sequence encoding a fusion pol ypeptide, wherein the fusion

pol ypeptide has 0(1,4)-Nacetyl glucosgm nyltransferase 111 (GTIII)
activity and conprises the Golgi |ocalization domain of a Golgi resident

pol ypeptide. In a preferred enbodi nent, the fusion polypeptide conprises the
catal ytic do i .= | and the

Gol gi | ocal :leﬂa %% %&g&éﬁoﬁ%ﬁ@gﬁﬁﬂ%’ %Hglgtgc’%ﬁ%}ﬁdyﬁwogflgsngh%y dase Il. In
a further enbedizatoi dotmhe @B@Lz)&émtyﬂglmsmnﬂmfemsesnthﬂ thecal i zat i on

domai n of Gal 04] Pref Iat ucl e as the

nucl eot i de sel‘if&%é %#chfﬁli%r%f’éf“ %ﬁlﬁn ﬁ’P?P% o‘{}her preferred
enbodi nment , t|ﬂ€bpfrﬂsmt(imrenwm@ﬂﬁtplréﬂﬁredBmmﬁgmbheﬂ@alwfﬁelms&ﬁmi n of
0(1,4)-N aceHY | ucosam file}ﬁlltransf grase 1] and the. Gblg@ acalization
domain is the! 1R 3 ey Wderronditions glawing the cxprassipn g trega Afnyl transferase
| (CnTl). Praélarea&hﬁ:gsmhmlm tatiel afld FeRGveri@ s41d Glsait uence shown in
FIG 25 and SEQ NO 12. Ajtgfﬁgglvely, tﬁ%m%blgl F%ggﬁ??ggﬁon domai n of
anot her Gblgl F%@@ Fmﬁaﬂyﬁeptlde may be used. In another preferred

enbodi menfp g#he @Tﬂpredeﬁlqﬂdlﬁ@ilb(ﬂﬂthgﬂd]ﬁb@dtosaﬁ&h&ﬁb?ﬂmﬁﬁﬁﬂgﬁ@e group

consisting of the |ocalization -36- donm
0( 1, 2) - N- acet whvgrsylagempralia of apelvasriide pquduchﬂaf ? dest| e lat =@ mai n of

mannosi dase | imaRtkitd fitd Q& HosPEdIOR HiOERI dhcpf)r st eome ihwpasy | transferase.
[010$] I n anot her preferred enbodi nent, the present invention is directed to

an isol ated ﬁtﬁfﬁéhlb%?@@eémwﬁﬁhﬁ@m&%@q@éﬁ@@tm enawisagthy pol ypepti de
having the aFngide! foaSueRss, BR9RplatiCieot ofltdaBhOl P 15 OF FIG 25

and SEQ I D NO 137 The present i nvéntion al'so ehconpasses an isol ated

nucl ei ¢ aci d cewspipinesthndcaeserudneeothe arefpyes ¢rdhodimaent rtie modifiel ngent
conditions to Qiy%%ﬁﬁéfsqhéﬁnpﬁ)&mﬂ&ﬁﬂﬁdﬁ&@a?ééfdn%ﬁ&'vﬂ&t%ﬁﬂb‘?@fé@ioﬂf whi ch

consi sts of the | eot
of a human IgG.
[0109] The present invention is further directed to host cells comprising the

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

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



sequence shown in FIG 24 and SEQ ID NO 14 or FIG 25 and SEQ ID NO 12. The
I nvention is Rather directed to an isolated nucleic acid conprising a
sequence at | east 80% 85% 90% 95% 96% 97% 98% or 99% i dentical to the
nucl eoti de sequence shown in FIG 24 and SEQ ID NG 14 or FIG 25 and SEQ 1D
NO 12. In another enbodinent, the invention is directed to an isol ated
nucl ei ¢ acid conprising a sequence that encodes a pol ypepti de having an

am no acid sequence at |east 80% 838 90% 95% 96% 97% 98% or 99%
identical 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 : d I | | . mno acid
sequence of PR i ARAGRER PR RBLLEPEO RUGIR a7
conservat i ve afinityois inciedsed hinslitg to athicp agivatir@r@@ptot, suchmasttheeFcyBrodi nent, t he
present inventiop is direct t,0 an.expressi.on .vector which conprises an

i sol ated nucl'&f egg)écﬁ]c? %?eaf?{i:egﬁeﬁ%tﬁ%h%g pgegec,tﬁbq%%n G WL B bed above.
][0107] In ia tMmmrlovﬁ‘ﬂg_ciﬁﬁrmmlanzibdsﬁ@p@ﬂantceliu%tepb@o@i@lity,simiéa?&’ct ed H)I a

usi on pol ypeptide, havi -N-ac ucosa .transf erase

nott vty or ) PelbodirimipR Py p e A CEL R et 1 ) mcti vi ty,
and gorrpri s: rigcrbah@din&l}:ﬁicoﬂnpbﬁ-hicaﬁfgﬂm#%e%mcabﬁnﬁgenhﬁ?m@beﬂﬁ,uls Gol gi g f
resi dent pol ypepti de. .. preferred enbodi.nents, the fu n_pol ypeptides o
The | mvent s orbabing Feadtined URa ShoenaSminca binding o NGB

S(1, 4) - N- acet jrgdsedBindiAE @Y £€ Rfesel/binting & iphbimRlebyeellpr ef erred
enbodi nent ;&e Si oﬁﬂgp l yabiéogl'ti}@des fur_et hlglriﬂﬁo pbrgﬁgi(‘aph‘[ he eGolegi | ocal i zati on
Gonai 1 of ranr@i s idbrgto s BiPRe CEODRRPRGHRESTOR ase_ T (onTl).
| n an al t er nadntivaliQadiseRdtect dighlifgdhdicink @optdsa dhér@RediRn@itid cdis sel ected -37-

from the group consisting of the |ocalization domain of mannosidase |, the
| ocal i zat i on HeHEHeR gd Bereasod Telbp@riPe-gl ucosani nyl transferase U, and the

| ocal i zagg1esy donBima pirtidia® paérfedlchh® bt 1BORIsEeRDLhe HventloH 0N pol ypept i des
of the present invention rra&ﬁ%? repared by culturing_the host cells of the

present i nveREPSALi2PEK aelbiad e Sdhenth ¢ Skmuslomaelga PR 3expressi on of
]E Egi gﬁc:og: ;pe%ﬁsggﬁeﬁﬁﬂlc@m SPEIE o1 RIFHR AP LSING R HyBadRcdiiem@Vs | Ng sai d

polypeptide produced by said host cell is an anti-CD20 antibody such as IDEC-
C2B8. In another preferred embodiment, the host cell is the chimeric anti-human
EGFR monoclonal antibody C225.

[0112] In addition to comprising a nucleic acid encoding a fusion polypeptide of
the invention, the host cells of the invention may further comprise at least one
transected nucleic acid encoding an antibody molecule, an antibody fragment
retaining a functional Fc region, or a fusion protein that includes a region
equivalent to the Fc region of an immunoglobulin. In preferred embodiments, the
at least one transected nucleic acid encodes an anti-CD20 antibody, the chimeric
anti-human neurobiastoma monoclonal antibody chCE7, the chimeric anti-himan
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 anfi-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-



fromthe resultant culture. [0108] The present invention is further directed
to a nethod for nodifying the glycosylation profile of a polypeptide
produced by a host cell, conprising introducing into said host cell a
nucleic acid or vector of the invention. Preferably, the nodified
pol ypeptide is 1gG or a fragnent thereof conprisingthe Fe region. Mst
preferably, the polypeptide is Igd, or a fragnent thereof conprising the
Fe region. In another preferred enbogd-nent, the nodified polypeptide is a
fusion protein that includes a region equivalent to the Fc region of a
human 1gG 101091 The present invention is further directed to host cells
conpri si ng t AGTUskiBsdY, ACAiShi Rl SREhDMeMBshDisBocitied difgdnnvention. In
one enbodi nent, the present invention is_directed to a host cell engineered
n

to express atHMMAZL) antibadin| & enyEPd eamgbienidrg 2aibedsi &h ap&dPept i de havi ng
0(1,4)- N acehyh@kde osaadyy lah AHSEAL 28R glidslde Aflibldy, YanO bnti- Rkl NAL I vel y,
P(1,4)- galactosyltransferase ("Gall activity, i'n an anount sufficient to
modi fy the criglioside aniibpily es apthEGRRVIHEanikogly.cin apti-izegisl apbleqdyi ae pr oduced by
sai d host cel]l.:_ ' ' ) ' | oS3 S he group

i CORRSh Y Bl P Rkt o R 3R R 68 on) A

consisting o , an ant fagnment, and a fusion
prot ei n t hat NUCI§ahtibody, arr aatjihsman G083 aitiberdy, anonti-hem@cCRHgndhednf an

i mmunogl obul i.n. | gﬁgag_' te | i fe produced by said
host cell is aﬁ&@ g?ﬁ%tp?rﬁgg%'%tq@’t er e%ﬁ%%%f%nﬁ?@%%% ﬁ{thﬁ% pol ypepti de
produced by <3 ahtiwidycelahti-hgmangCH138 antibody, arnaptichminan HEACRR vatéhtt er nat i vel y,

t he pol ypepti oducec | ] Ll 1.8 f US| rotein that

i ncludes a régﬁ%@g’e%‘ui&%“g“\é?ﬁgw%%&ﬁ?%f’%t?]h‘%‘mae%%g%%figd% e.g., lgd.
[011)8] The ndii-hineen MIIGipsyibodie sn prictiuce MUG1 chre phasip andliodg, anf t he i nventi on
exhibit incr r tor hindi f i ni ri.n ed effector
function -38%%@9[35?%’5%%% c?%tiaatéréol\g(??f%ng ?8{’1%%%4 ragﬁs)?/{ﬁ]%? e increased Fc
recept or bi ndibnmpectaf Warimit yontaningnihe EBE dorhaindir gy adtbhandadyERAM&6uv at | ng
receptor, such.as the FcyR Ila receptor. The increased effector function is
preferably ar?mil'??cify'ease in one or nore of the follow ng: increased

ant i bodypodt)endenThe et ddivetitydnOois Gikso clidepted it @rmeakalifor producing a

polypeptide in a host cell comprising (a) culturing a host cell engineered to

express at least one nucleic acid encoding a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase III  activity or, alternatively, PB(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 GnTII activity or,
alternatively, GalT activity is expressed in an amount sufficient to modify the
oligosaccharides in the Fc region of said polypeptide produced by said host cell;
and (b) isolating said polypeptide. In a preferred embodiment, the fusion
polypeptide  comprises the catalytic  domain of  B(1,4-N-
acetylglucosaminyltransferase IIl. 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 B(1,2)-N-acetylglucosaminyltransferase I (GnTI).
Alternatively, the Golgi localization domain is selected from the group consisting
of: the localization domain of mannosidase I, the localization domain of B(1,2)-



ant i body- dependent cel |l ul ar phagocytosis (ADCP), increased cytokine

secretion, increased inmune-conplex-nedi ated anti gen uptake by
antigen-presenting cells, increased Fc-nediated cellular cytotoxicity,
i ncreased binding to NK cells, increased binding to nacrophages, increased

bi ndi ng to pol ynor phonucl ear cells (PM\s), increased binding to nonocytes,

I ncreased crosslinking of target-bound } anti bodies, increased direct
signaling inducing apoptosis, increasggl dendritic cell naturation, and
increased T cell primng. 10111] In a particularly preferred enbodi nent, the
host cell of the inventionis a CHO cell, a BHK cell, a NSO cell, a SP210

cell, a YO nyeuB1d&dokamiflylBari@3ase 'I'P!a&iﬁhé’%%ﬁl%ﬁmﬁ@dnham gdrEB el |, a PER C6
cell or a hybridofma cell and the polypeptide produced gg said host cell is

an anti-CD20 Amesisanplesasen T&@P‘Pllmvﬂd ucﬁdrb orpdbedynfdienreses enbodi ment ,

t he host cell Lpody C225.
[0112] In addlu%‘ﬂ%%é]&%gggig%%egl:gg&c nuc acl g’ encogJ I ng a ?Q%I on pol ypeptide

of the i nvenffinstion.t Iﬁefwddlf,_ ibe lifcgeagsd Etffwetor funetidri isroneeoy rhare fighe conpri se at
| cast one ! ASALhaUSLEHE ARl AN A BRARNHhHRN, ISR o an

anti body fragment al nrng unctional usion protein
t hat incl udes amhodg-ldqwndmcﬁlhmt@Mtommtyb,hmrﬁmdmn@odﬁdeﬁenmtuenuhrnogl obu lin.

In preferred eﬁ%)%dl @S&@]Céﬁ) ecn transegted nlécl ic acid encodes
an anti-CD20 ARECHERS tlﬁm?% n? T RSB St onocl onal

ant i body chCEi‘nediatad anhgemmptakehnbmt&gbmpnmnﬂngaﬁls ma’cdseathimd:hgmml{rmnocl onal

ant i bf)dy Fh@?%}fo @%%ri C antl F lﬁegﬁ’ E}7and b east car ci noma
nonocl onal an b’f@fé i gen

nonocl onal anMﬁn&ﬁb&ﬁﬂ%\M@lﬁb@h@ch&Wedﬁ&lW@hﬂ@t al tunor

anti body A33, th anI I - no, ti di r.ect ed Lnst GDO3

gangl i osi de RQBP ?ﬁﬁ&?ﬁoﬁsﬁﬂ{l fgaﬁ%ﬁ E&ﬂﬁbﬂ?ﬁ “ScBfrFase dc%ﬁ%fhﬁona nonocl onal
anti body SF-2%ell ﬁmtuﬁﬁbm,nhiﬂmaseﬁm%almﬂnlgodye inBidaset) Ft recépitordindigFRy| | |

anti body, an apti-human PSMA anti body, an antihuman PSCA ti body, an
ant1 - hunan: CoRRn BORyb dadfrerd Rinfizs eoBO S BORP I AT - 30, TAGT2

anti body, an @eRIEAI gh nol ecul ar wei ght nmel anona associ ated anti gen
(HIVI VA £ 20 an e b, 2P S o ot a Syipide” 2

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. Inaparticularly 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



gangl i osi de anti body, an anti-G\U gangli osi de anti body, an anti-hunan
gangl i osi de anti body, an anti-EG-RvII1 antibody, an anti-integrin antibody,
an anti-CD80 antibody, an anti-LeY antibody, an anti-nucin antibody, an
anti- MJC 18 anti body, an anti-human CD33 anti body, an anti-human CD38

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-human

| LA-DR variant antibody, an anti-humgpn EpCAM anti body, an anti-human CEA
anti body, an anti-human MJC1 anti body, an anti-human MJM core protein

anti body, an anti-human aberrantly glycosylated MJC 1 anti body, an anti body

st h : : ; > " \
anti - human Ry R E Rk SHORbB M RO O, i PR P 7T ¢ et ed
to a net hod f di8% modepeferpbly at jpadt PR¥p bF the oligpsacchayiles indkd Faxegipn 06 ng (a)

culturing a hqgst. _cell..engi neered Xpres | east..one,.nucl eic acid
encodi ng a fugﬁ%ﬁ(ﬁ?oe?g%e ?Iiw%glcﬂsé% e(r%g %f%eﬁﬁo-ai\gatlﬂéecpé%%?t VL?E%O arﬁ?ynyl transferase
11 activity aalso talusel todtddue polypatiiesih-whichl a hs 4 §96) mamepheferalde af " GalT")

activity, under i tions i.ch pergLt the oduction . of a polypeptide

sel ected f romelﬁ?gg%b‘aﬂm%?f?%i’ iahga%g% Wlpé%@ﬂ?'iatka? 3Bré°r E’é’g‘? e, an

aﬂt i bodyI f(rjagrpiéferabl@taaleaétﬁwﬁa?ﬁwpfdférm%ht 16t 4024, 1fidte pﬁwﬂaf by atflesst onI p[)o]t ein

that includes g region equivalent to the Fc region ap_,. i mmunogl obul i n,

wher ein said f%s} °’ﬁo‘?’9‘% Wi ﬂele‘?fé\?ﬁ%‘g e Pyofer i*‘?/ﬁ‘f"s?t ?ﬁ/" 9% ernati vel y,

Gal T acti vity préfeRbRIa6 ke d0%maR prsf@ibly asledst 65%,81dre brfer@ay itledshe

ol i gosaccharidegs in the Fc rgaqi on of said polypeptide produced by said host

cel I; and (b) 4sdnarei HERAY & Jersy deih mpze Proferaly ot deared0%nBBE nent, the

fusion polypaptfefdslyaoma a%,%axaﬁre&e&w 3 1dagt 900N Prhbre Prefdplibly d)teddt _

acet yl gl ucosani nyltransferase I11. In-a particularl % preferred embodi nent,

the fusion po?%e‘ﬂ?‘iecﬁem]tyh‘grle@BﬁBﬁi noze PFF@“@YQ* ‘T"étcg'!"l/“’zg’.to%n dormain of a

Col gi  resi denjrefebiyReRisk 98%, nidréiirerembly¥t 1eishe%300 fiHe dligssatdndddes @ donain is

the localization_ donain of mannosi dase Il or

[i (1, 2) - N-acetths §f reiaatthaynobpentse areiscted. Sl fupher, the methedsaffl y, the Gol gi

| ocal i zation ﬁﬂéﬁhtﬂnize%ﬁ&?ﬁx%@\ﬁe& PR OREp AP RAL ROVhRh hiGast P49, t he

| ocal i zati on donmai n of mannosi dase I, the T'ocalization domain of D(1,2) -40-
more preferably af 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 preférably at least 60%, more preferably at least 65%, more
preferably at least 70%, more preferably at least 75%, more preferably at least
80%, more preferably at least 85%, more preferably at least 900%, more
preferably at least 95%, more preferably at least 96%, more preferably at least
97%, more preferably at least 98%, more preferably at least 99%, of the .
oligosaccharides in the Fc region of the polypeptide are bisected, nonfucosylated.
The methods of the present invention may also be used to produce polypeptides
in which at least 15%, more preferably at least 20%, more preferably at least
25%, more preferably at least 30%, more preferably at least 35% of the
oligosaccharides in the Fc region of the polypeptide are bisected hybrid
nonfucosylated.

[0115] In another embodiment, the present invention is directed to an antibody
engineered to have increased effector function and/or increased Fc receptor
binding affinity, produced by the methods of the invention. Preferably, the

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



N-acetyl gl ucosam nyl transferase 11, and the |ocalization domain of a 1-6
core fucosyltransferase. The pol ypeptides produced by the nethods of the
present invention have increased Fc receptor binding affinity and/or

i ncreased effector function. Preferably, the increased effector function is
one or nore of the follow ng: increased Fc-nediated cellular cytotoxicity
(i ncluding increased antibody-dependent cellular cytotoxicity), increased
anti body-dependent cellular phagocytg@sis (ADCP), increased cytol dne
secretion, increased i mune-conpl ex- nedi ated anti gen uptake by
antigen-presenting cells, increased binding to NK cells, increased binding

to macrophage ' 3 I_odin 1@.”@99% N i.0ding to

pol ym)rphonuc?ueegfra{égé%%za?gwﬁfg?fg{a%gn&& I rect s%&ga%g})?dﬁgh%{s%g%g?er@ayapopt 0si s,

i n;:r ea;s_ed cr os:ﬁbtiomlcity)g i?ﬁ@gﬁ%bdw@e@nﬂt#&?@m$hagonm9%mcmnflri tibg: dpel I
mat uration, Ot increa cell prinmng. e increas recept or binding
affinity is p}n 5?65?egb(f yﬁ?%ecF%cgegg% Bfrﬁﬁf’%émpgflﬁfg’[%éﬁ gﬁ?tﬁcga?negc%%ptor.s such as
Fclel I'la. t iglmyx]akellvy mxgbﬂgretsﬁmhpd:usagtrpasbm?ﬁﬂmstam% pﬂsllsembn_emadlhs directed to
a pol ypepti de,. produce e net hods, o e inventio ich has an

i ncr eased proagipgg%mgqmp ?%se@f’rgife‘gﬁlf%ﬂg&%Wﬁﬁ%énqﬁsegﬁ\g‘ﬂ%n? egi on of said
pol ypepti de. pélyyefpheiuolchesells, milaaed diroisigniliig infutiipapptods ingfeaddiced by t he
met hods of the invention ha,g afq inéireased r@g@{tio of nonfucosyl at ed

ol i gosacchar | F@sslipking ALtagget-poynd gppibgdies, in | tocell MaREiP:%at i on. The

nonf ucosyl at eghcflaied ISRE phmkngd €t a fRferize e@bodikient, thytresledFc e@PRREEX type. In
aparticul arl yﬁr ]‘gr ed enbodi

nt, the polypeptide roduced by the host
cells and net TR IS IMGREASHY Wgﬁ%‘glrgﬁcﬁl e %gg@@r,%&s@ﬁg?rg?lgﬁ of bisected,
non; Ecosy: at e@cmml jgomeﬁxfeaﬁh c@xgeﬁ:rm'didirmb dﬁgﬁmeasﬁﬁhgnﬁig@coﬂ%ﬁﬁg:ﬁiled,
nonf icosyl at ed ol j gosacchari des ma ei ther hybrid or_ cor X.
Speci fi CZJ ly, %f'ﬁ’@“gré{‘ @@Q“Wteﬁqﬁéhab‘%/‘é@ re?ﬂ‘?/%‘ﬁ'ﬁ‘%/ “ﬂ'&‘)‘?Fﬁéean’gé’ to produce
pol ypepti des i ivbhiufidpictulih.€asukh hR¥ody Hapmite afd on @bteineagkinit0% nore
preferably at | east 25% nore preferably at |east 30% nore preferably at
| east 35% nicEisadr secapipybinding lfiuty ingraged siffestay D.at | east 45% nore

preferabl gif) | easthepPdentiieftidi SRt Birdttalko piRaRicemriicofPssfions ef erabl y at
| east 60% nore preferably at |east 65% nore preferably at |east 70% nore

preferably at compsing fhsoantibqdies, sytiady fragnentsyetainig die Fopgion,gpd @sign of er abl y at

| east proteins having a region equivalent to the Fc region of an immumoglobulin of the

present invention and a pharmaceutically acceptable carrier.

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

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

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



85% nore preferably at |east 90% nore preferably at |east 95% nore -41-
preferably at |east 96% nore preferably at |east 97% nore preferably at

| east 98% nore preferably at |east 99% of the oligosaccharides in the Fc
region of the polypeptide are nonfucosyl ated. The net hods of the present

i nvention may al so be used to produce polypeptides in which at |east 15%
nore preferably at |east 20% nore preferably at |east 25% nore preferably
at least 30% nore preferably at |leagt 35% nore preferably at | east 40%
nore preferably at |east 45% nore preferably at | east 50% nore preferably
at least 55% nore preferably at |east 60% nore preferably at | east 65%
mor e pr ef ef ablkidhlpol @pi#aec&%eme&my&f&m'&f@trmeﬁfsnaéél%nﬂvre preferably
at | east 80% erab | east 85% nore erably at | east 900%
more prefer abmeedle@hsdlmelgﬂ%Gmlecabzﬁﬁ@ﬂml}'lséheIP@B&QQUOQG% more preferably

at least 97% 4 /NG r aply at |east 99%
of the oli gosag%ﬁgrlgf E]Teg]ﬁ?‘?xgaﬁec g’g%’%%%ﬁt%%%egrgpgéﬁpde are bisected.
St: | f?réherm&ﬁgludslﬁm?gmﬁ?a&ig{ymmsﬁm IIoﬂMBG]-Ncmﬂa may be ;Jsggtyto produce
pol ypeptides in which.a 9 nore
preferably at ffO98% @ﬁ%@se 3“6%?%#55? %Wh referably at

| east 35% mﬁamhegreﬁlahinmstaigdfeaﬁim:ﬂﬂﬁﬁacém@@easpﬁeﬂfam&ﬂcmnhnd east 45% nore

east 60% mor i el Pabrpt ndodieet vt S ol abisl el Poast 709 more

preferably at ahSBHOcélﬁQ(YO@?&o:ﬁﬁ&‘ll?ﬁBﬂdB Adust AElbma 84f/e PERIcEN,pr ef er abl y at

| east 85% E@{régqf Qablﬂélgg Ieas 900% nore preferably at |east 95%
m)re preferabl“?’ Eas 2y Omf'rc@ preferably at |least 97% nore preferably
at ast @B?Q]hrmr emﬁeﬂﬁ@bﬁlﬁh@brokrﬁb mogmm n;,ﬁgeanegﬂ,rbgmﬁd a&ehar i dﬁsdl n ]Ehe
Ferglonote ept.i re. bisect 0S e e nmet hods o

t he present ﬁ%ﬁ‘ﬁsﬂlﬁﬁﬂ?“;&?‘&@"l‘?@ BERE %a ¥P \@Hﬁ(b& in which at

| east 15% fTDll\ead%fy@él @Mﬂyl@énsfmm@%mme@mfee ?ﬁie}z’th%fGohﬁaSt 25% nore
preferably at | east 30% nore pref erably at | east 35% of the

ol i gosacchari d¥alizagon dampia ofey Gl Beiden cPobipeRtiien i FEPIRFEOTH VIR od hybri d
nonf ucosyl at e@amﬁ&%ﬂﬂ hiBleRNQA ol RBBOALSEEY o folPeftid®S MRbreinNifENtiON 'S

directed to an anti body
polypepude has mammosidase II (Man II) activity, and an expression vector

comprising a nucleic acid molecule encoding a polypeptide, wherein the
polypeptide has (1,2)-N-acetyl gluéosaminyl—transferase T {GnT II) activity. In
preferred embodiments, 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 ane expression vector, and the
nucleic acid molecule encoding a polypeptide having Man If 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 ManiI is on one expression vector, and the nucleic acid molecule
encoding a fusion polypeptide and the nucleic acid molecule encoding a
polypeptide having GnT Il activity are on the same expression vector. In another
embodiment, the GaT 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.



engi neered to have increased effector function and/or increased Fc receptor
bi nding affinity, produced by the nethods of the invention. Preferably, the
i ncreased effector function is one or nore of the follow ng: increased Fc
-42- nmediated cellular cytotoxicity (including increased anti body-dependent
cellular cytotoxicity), increased antibody-dependent cellul ar phagocytosis
(ADCP), increased cytokine secretion, increased i mmne-conpl ex-nedi at ed
antigen uptake by antigen-presentinggycells, increased binding to NK cells,

i ncreased binding to nacrophages, increased binding to nonocytes, increased
bi nding to pol ynorphonucl ear cells, increased direct signaling inducing

apopt osi hincrea g | L0k ng- gﬁt' - ' L I ncr eased
dendri ti Blgg I mf@%ﬁ%ﬁ@o&%%&%&%@gq cépfﬂggﬁgngﬂig&%hgggpreferred
enbodi nent, t dmesipnession vecor-mpeisiep b omcletvi avtli mgleaflé emotipg iasfusingr eased bi ndi ng

to an Fc actiyvating,regepto nost_preferably. cyRl ]| The invention is
further di reclfojjt?e{’ dea %B’d@bff?séod'rﬁcﬁxpgpté‘{??ﬁaﬁi%’5@é/a?aﬁgsﬁlﬁ—%’sfe§a§?on and fusion
prot ei ns t hat (Gail) adtivdiyeant eghmriseigGolgi lecHlization dbmaifref 4 6glighsidént an

i mmunogl obul i n.. Such anti body fragments and.fusion proteins exhibit

i ncreased Fc PUWRSBEYs: 2Bt 7 &% "F‘lg'f?FW CaRBrGRe Fr?&l&@‘ﬁs”élfe@?%@g?or functi on.
[0116] The prasedihg b PYBPEHias whtreinthé paypeptideids atimhaidakall ey i cal
conpositions conprj Si g&@%he ‘i%ﬁ%i bo%lges, .ant i bod}/ fra nts retaining theFc
regi on, and f3fliVibh Inprebieef sRbedimmty, thy npclef aid malstWermettmd LML Fe regi on of
an i mmunogl obpdljgRpade bdiEtheRueRRNMcid RYRBIIE GRcclitty 2 pplypéptiae ubingal | y
acceptable carrier. %{?%117, . The present invention is further directed to the
use of such pRAMREdasL] CUYY FAMIPSALP GHLCSFIAR VI ARCPBRe BPIESFaht nent  of

cancer. Speci fdctord. | Brefetddsy, RieFasiii polypotRIBichb@Prides i caRBAE dohsindf et hod for the
treatment of 8§ncer rising . admnisteri nq a therapeutically effective
e P

anount of th ar#’ag‘g ditiogel ermbadupent: the st lperdization &lomapnis 18118] The

present | nVe_nfo@:éIﬁatiioilcﬁbﬁﬁl_o@MaﬁH%F?ﬂZ}N—a@etﬁ@&Eoﬁﬂﬂylt@ﬁﬁ&ﬁﬂeijﬁﬂm)an expression
vect or conpri si n%ﬁla nucl ei ¢ aci d nol ecul e encodi ng a fusion polypeptide,
I

wherei n the fYSrorepsesipapltradenss (B 1manoRidaet ¥ gPluc FHMFNG| t r ansf er ase
LT (GnT 1) fuB&eyitibiftradt) Gh £510RFEESoMMRN{ e Bbst ct106 8didctiforithelomai n of a

CGoli resident polypeptide; and an expression vector
group consisting of a mammalian cell, a yeast celi, an insect cell or a plant cell.
i’referably, the host cell is a CHO cell, a BHK cell, a\NSO cell, an SP2/0 cell, a
YO myeloma cell, a P3X63 mouse myeloma cell, a PER cell, a PER.C6 cell, or a
hybridoma cell.

[0121)] In an additional aspect, the invention is directed to a host cell
comprising an expression vecior comprising a nucleic acid molecule encoding
a fusion polypeptide, wherein the fusion polypeptide has B(1,4)-
galactosyltransferase (GalT) activity and comprises the Golgi localization
domain of a Golgi resident polypeptide; and an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
mannosidase II (Man 1) activity; and an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
B(1,2)-N-acetylglucosaminyl-transferase Il (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



conprising a nucleic acid nol ecul e encoding a pol ypeptide, wherein the

pol ypepti de has mannosidase Il (Man I1) activity. In preferred enbodi nents,
the nucleic acid nol ecul e encoding the fusion pol ypeptide and the nucleic
acid nol ecul e encodi ng the pol ypepti de having nannosi dase Il activity are
on the sane or separate expression vectors. In another preferred

enbodi nent, the -43- fusion pol ypeptide conprises the catal ytic domai n of
GhT 111, In an additional preferredsenbodi ment the Gol gi |ocalization
domain is the localization domain of Man H,

R3(1, 2) - N-acetyl gl ucosam nyltransferase I, 13(1,2)-N

acetyl gl ucosam nyl erase | man | dase of, al , 6--N core
fucosyltrans@ylﬁéén&ﬁﬂ&gl%%faﬁgkﬂeﬁﬂﬁge}ﬁ%fea%mb%!?&i § venf'?féﬁ fost cell is
sel ect ed l}‘rqnzﬁiﬂ&umﬁm?uda:ala&i&giom?ﬂeé%cadiﬂgﬁmﬂh 'hamctm@ie:efcpr_assjmasé_io cel : i an
i nsect cell an a plant cell, ef erabl.y, e ho : is a cell, a
B cel |+ 18esor anf o8 Bl wolegiif st hyr RRboabis mdifiges mouse
nyel oma cel | ,nudleRERdGRIécule eﬁcdﬂE@-ap@@?ﬁﬂidbha\Qﬂg @nhyheiidg®e gel | . [0119] The
i nvention furfher provides ahost cell copprising an e%g}rlessi_on vect or

conpri sing a ‘ARSAS SEPISRSI W Ve e &1veRtion dlsp groyides tatthe i de havi ng

0(1,4)- N acehybaldnsang ty GhT ANS besReRpredston(vebtdr, bad the Agdidiyyi ty and conpri ses
the Golgi localization domain of resi dent pol ypeptide, an expression

a Gol
vector  conpracisimyjechlefpeodinga sivppelyneptids sad theawelris goid mpdscylsept i de, wherein
the _pol ypeptaiQuilatpolfbRpRRiARRE ih NI abd of b bifld skprellih an expr essi on
vector conprising a nucleic acid nolecul’'e encodi ng a_pol ypeptide, wherein
the pol ypeptVeeter Ha 8 prederiedembpdigiert; the fisigr pelynentigie commisesthe ase |1 (GnT 1)
activity. In cam)ﬁg%ﬁggogmmmﬂggg&éa%bga&e%mdg@éiecul e encoding a

fusion pol ypeptiide, the nucleic acid nolecule encoding a polypeptide having
Man |1 acti vilpsplisgtign demain i fhe loraization dowpineé Maa Io BdediNig a pol ypepti de havi ng
GnT |1 acti VidoyBiRodhidyiansBANEL, M 25RERE S3aR; d'ngfgra%(gﬁtors. Al so
preferred is tﬁ%@r_t%e nucl el ¢ acl @‘r’zﬁm ectg%ggucenco ing a fusion polypeptide

i s on one expnuwssidase Leraxl-N consducosyieansfersed. ei ¢ aci d nol ecul e encoding a

po: ypept MSZ]haV! ”%%%?%qon%ﬁieﬁﬁ)mém%&%g ﬁxfé]glﬁ?éef‘eid‘io Q@Eéés MgLsscul e encoding a
pol ypept i de "havi ng activity are on sanme expression vector. Al so
preferred is amancleibecidgudoding afesiah polypeptide dhaving GnT III activity and at

least one nucleic acid encoding a polypeptide having Man 1T 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 GaT III activity, at least one

nucleic acid encoding a polypeptide having Man II and at least one nucleic acid

encoding a polypeptide having GnT I 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 nucleic acid encoding a fusion polypeptide having GalT
activity and at least one nucleic acid encoding a polypeptide having Man II



encoding a Manl is on one expression vector, and the nucleic acid nol ecule
encodi ng a fusion pol ypeptide and the nucleic acid nol ecul e encodi ng a

pol ypeptide having GhT H activity are on the sane expression vector. In

anot her enbodinment, the G1T Il is on one expression vector, and the nucleic
and nol ecul e encoding a fusion pol ypeptide and the nucleic acid nolecule
encodi ng a pol ypeptide having Man H activity are on the sane expression
vector. -44- 101201 In an additional _4gspect, the invention is directed to a
host cell conprising an expression vector conprising a nucleic acid nolecule
encodi ng a fusion polypeptlde wherein the fusion pol ypeptide has

0(1, 4) - gal act gy g.{a&{u@s%?mén%ﬂa f?ﬁ{e'oﬁ%c{dccﬁﬂﬁeﬁﬁm%%%agﬁm%?e Gol gi

| ocal i zati on donaln 0 resi ent tide; and an expression

vect or corrpr|%ﬂ%&g?eahd\?wdéﬁdba@m@mﬂbwbﬁemﬂlﬂm@b’amﬁéebro@@ﬁﬁ}'betb@| de, wherein
the pol ypept'ﬂﬁt&ﬂ?s %Qﬁbﬂgﬁﬁ%}dg cbf E?awﬁ&één‘ﬁp&%r erred
ion pé

enbodi nent s e nuc el c acl e encoding a ypepti de and
the nucleic mﬂommteanéa@smnwtanﬂnﬂmalﬁﬁom@awvnbnttw&nh'@si dase 11
activity are Igé ‘Shgmshem nSAR:E SSI on vector or separate expression vectors.
Preferably, th usi on DOI%/peptlde conprises the catalytic domain of @GlT.
I n an ad{@iZflonal ém’mmpamterembodﬂnentmbmesdnt)nsdnhmlsammddm'alhnstlcdlt he

| ocal i zati on daonmai h, of Man et | uc | tr.ansferase |,
0(1,2)- N acet¥§ Trﬁ‘(i:go W?Tt léagt s”Fé‘Péglg a?@ eng?xg%ﬁo 3’%8&%%3 ,6-core
fucosyl t ransflmwmgeﬁalT actmtmratiemtrmdnmi&mdm&emodlngIa@olypqmde(hhﬁmg s sel ected
fromthe lian cel est, C an i nsect cell
or a plant ce ?nioﬂ ﬁ?g?ai"g‘f éa?nc?:‘ﬁﬁalpglygep %njg %HK cell, aNSO
cel I) an SP2/ﬁm@mpanM&m@mmmuﬂﬁymeohngM&dmnﬂmF@@mﬁﬁ cell, a PER
cell, a PER CB In | onal aspect
the invention®h SP'?dee@fo Hcefi§¥§1 ??853?‘1!:3'%’ g%e 8&%’%‘%9 on vector
conprising a lmsndeﬁus:setecuediframlﬂecmng oemmdgn@wlmlémbmiyrmiéqu&emh de, wherein

L P b R S TR

pol ypepti de; @gidnafacpn@sglobin. Pefdraily, e flypepiitg plodutsddyahehaei d nol ecul e
encoding a poc!,eﬁ%%ﬁ{nltsdlgcrcasedel{c%cgptgr eimﬂx(l) l tpy:[ as aresﬂtosfthe modification.

In an 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 Fc-
-mediated cellular cytotoxicity, increased binding to NX cells, increased binding
to macrophages, increased binding to polymorphomuclear 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, comprising culturing a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
having GnoT III activity and at least one a nucleic acid encoding a polypeptide
having Man I 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 aregion equivalent to the Fe
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,



mannosi dase Il (Man |1) activity; and an expression vector conprising a
nucl ei ¢ acid nol ecul e encodi ng a pol ypepti de, wherein the pol ypeptide has
0(1, 2)-N-acetyl glucosam nyl -transferase Il (GT Il1) activity. Preferably,
each nucleic acid is on the same expression vector. In a separate

enbodi ment, each nucleic acid nolecule is on a separate vector. The

I nvention further provides that the nucleic acid nolecule encoding a fusion
pol ypeptide is on one expression veayor, and the nucleic acid nol ecul e
encodi ng a pol ypeptide having Man 11 activity and the nucleic acid nol ecul e
encodi ng a pol ypeptide -45- having GhT Il activity are on the sane

expressi on Vest Qs celN§ k% RPEhEd SPresPht 4IRS midlid adidchlidsgd £1 ¢ aci d _
nol ecul e encoding a Mani i s On one expression vector, and the nucleic acid

nol ecul e encokfilyrgplidethasingGnbB syt inga addiipnaliyprefpmrdieabedimentdhapl ecul e
encodi ng a poj.y ' hayl ng- I Y RVAR RVar-1 expression
vector. The %gﬁ?%%ﬂ%gpggb g\%qégsc&{iﬁg% d%{lﬁ%]ﬁr?géﬁg?@a%{]%ﬁ&ﬁln ecul e encodi ng
the GnT I i sprefisrresh embsdimenss thorfusienc polypepdidel further noroprises theaGlgi nol ecul e

encodi ng a fUusL® I 0t i 0] L ka0 86 ncodi ng a
pol ypept i de ﬁ%%%%gﬂﬁgéB%?%g%§?%¥%§%g§g@§%$§%§m§§hg@§xpre%%@%ﬁg vector. In a
pref erred enbGagitecalizatiohdorhaisisde l@alizatopddntkin cfoonessiase I, H8(1,0at al yti ¢ domai n

of GlT. In further preferred enbodi nent, the Golgi | |j.zati on domain
Us the i ocal | SAPTURGeRRINEPIRER: ||,ﬂ p( FRaByosigase 1 REDN
acet yl gl ucos adeetyighicosunthrmserake I 6ol -jord\menglitrgis@rase dxefbiably) the ansf er ase 11,

mannosi dase |_or al.6-N core, fucosyl transferas 122] ,The.invention
further proviféf’gg’eﬁhq? m‘&rg‘TSFd‘g#&o ?t@&afﬁreggﬁfsg‘g%&é’fdog%?m%ne nucl ei c
aci?%enc@ungg a fa&bﬁﬁmmnh%ﬁﬁmkkdgmhﬁuimgmmkﬁmﬂﬂdMUmmghpmyymﬁmﬁ at |east one
nucl ei ¢ acid encgodi a polypeptide Vi Man activi In an anount

suf fici ent tomﬁglﬂgf’%)gtcﬁ[@ﬁ) %ﬁ%@ﬁ&%&@%@eﬁﬁégﬁﬁﬁﬁg %%“8’?6 a pol ypeptide
prﬁju_ced bly tﬂé&leﬁ%ﬁideﬁfiﬁinga%ﬁih@bl&péﬂﬁﬂ?m mdcgﬁtylaﬁ@dllﬁmgné?/ thle h?)st

cell is selected.fro roup cqnsj st.i of a.whol e anti body nol ecule, an
anti body fragt¥ °,a°5£]ﬂ’°3‘%¥'£§ip ??Pgﬁg?vﬁ“gtnﬁﬁ?harﬁmd‘&deﬁcqng’& equival ent to
the Fc regi ORhieh peaidit kHEpdQeicadE DpolypRde]seltfied frdiy €8 gioRp cétlsB@ngdr ovi des a host

cell engineered to_ express at |east on
g of a whole an% osy mglecu.'le, an anti ogy fragment, and a fusion protein that

includes a region equivalent to the Fc region of an immunoglobulin, wherein the
fusion polypeptide is expressed in an amount sufficient to modify the
oligosaccharides in the Fc region of the polypeptide produced by the host cell;
and isolating the polypeptide. In an additional embodiment, the host cell is
further engineered to express at least one mucleic 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 ofa heterologous Golgi resident polypeptide,
Preferably, the Golgi localization domain is the localization domain of
mannosidase I, B(1,2)-N-acetylglucosaminyltransferase I, mannosidase I, f(1,2)-
N-acetylglucosaminyltransferase II or 01-6 core fucosyliransferase. 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 embodiment, at least



nucl eic acid encoding a fusion pol ypeptide having G1T 111 activity, at |east

one nucleic acid encoding a polypeptide having Man Il and at | east one
nucleic acid encoding a polypeptide having GiT Il activity in an anount
sufficient to nodify the oligosaccharides in the Fc region of a pol ypeptide
produced by the host cell, wherein the polypeptide produced by the host
cell is selected fromthe group consisting of a whole antibody nol ecule, an

anti body fragnent, and a fusion prajg n that includes a region equival ent
to the Fc region of an inmmnogl obin. [0124] The present invention
additionally provides a host cell engineered to express at |east one

nucl ei ¢ aci d ®A6 QO /95 ONoPREVAERIhAEAR R e FldgioR G Ly and at

| east oné nuclei ¢ acid encodin avi ng -46- activity in
an amount sufHobperiide a{e@lmmnfumylaibd dbmm&hmﬁfmlsﬂﬁt abh@ZPPé, region of a

pol ypept i de /d%'%dﬁsl%’ 46‘?‘3:%5'3/0%(0?5'0/' §0RL L1k 18, @%ya%%’ \A?f'e produced by

t he host ce 'S sel"éct he “gr odp ~é8ns1 st Ag ol e anti body
nmol ecul e, an QS&mfﬂMgoa‘apcd@n@amthaFuiegoﬁmfe:haqupmgheﬁcdmbpndﬂﬁcI udes aregion

equi val ent to %ftt@e&resgm ‘%ghgna:?{)ls&pe%m Sg,a%%l n. [0125] In a separate

enbodi nent , resent 1 nven és a host cell engineered to
express an28]east c’ﬁmmaddﬂioaalbrmfmbd&nfbodimag,&ﬂmmnbmvmbypemdbﬂe having Gal T

activity, at S ne. nucl.ei ¢ .and nco t|de h V|ng Man Il and
2t | east one TSR SRR fritel AR R B ORI R " act Vi 1y T
an anmount sufHavenerhset effemdiffnctivine ollgosaccharldes |n the Fe region of a
pol ypept i produ ed_by ost .cel | erein the pe ti.de produced by
the host (ﬂg%]I e%c?cklﬂl Pgl rﬁqbﬂimﬁ'lﬁ \M& ch?téoPl 1%%48% e anti body
nol ecul e, an ﬂﬁﬂmmaﬁdﬂcbmpgmﬁm$mmqmﬁmgﬂkuﬂﬂmawpammemﬁdmhaﬁugnnludes ar egi on
equi val ent to,the no b|n r ef.er abl he pol ypepti de
p(r:]oduced by tHe Iﬁ?}gcfds Eé%il é’?ﬁ?%l‘flgeniuf’h‘:reg'ée Soe E‘gcgm? %tf ﬁ%l ngpaf1¥=0n=oty
as a result odondpbsitionsdif tHeqddserinvention camprishch phiaonabdticalpy sbeptabdd enbodi nent,

t he polypeptlgpggroduced by the host «cell exhibits increased effector
function as & ult of the nodification. Preferably, the increased

ef f ect or [§180ct i ON Ths ixveRioRuriRf frodided NBERGBREhE treatiieti A cadercsd | uI ar

cytotoxicity, increased binding to NK cells reased bin
macr ophages, TREPRTRESHE 7 THE Fo FeHB ﬁ‘fmu%&é?ﬁ © papynt o 9 t‘llfgr eased bi nding
pharmaceutical compositions of the present invention to a patient inneed thereof.

[0131} The invention is further directed to a method for producing a polypeptide
having increased Fc-mediated cellular cytotoxicity in a host cell, comprising
culturing a host cell engineered to express at least one nucleic acid encoding
GalT and at 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 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 Fe-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
having increased Fc-mediated cellular cytotoxicity in a host cell, comprising



to nmonocytes, increased direct signaling induced apoptosis, increased
dendritic cell maturation, and/or increased T cell primng. [0126] In an
addi ti onal enbodinment, the invention is directed to a nethod for producing

a polypeptide in a host cell, conprising culturing a host cell engineered
to express at |east one nucleic acid encoding a fusion pol ypeptide having
GhT Il activity and at | east one a nucleic acid encodi ng a pol ypeptide

having Man |1 activity under conditigfs which permt the production of a

pol ypeptide selected fromthe group consisting of a whole antibody nol ecul e,
an antibody fragnment, and a fusion protein that includes a region
equi val ent t he F i.ap. i g!gb i ; in &he fusion

pol ypepti de ?%ﬁﬁﬁﬁfﬂgﬁﬁ ﬂfﬁggﬁgmgﬁﬁhﬁE&gﬁ |é#gﬁ@dF§Q§@§?§§&#%e

ol i gosacchar i@¢B and at least 6oe negj¢io acid fendoking Nl i pedericdmdifponsdehdehd by t he host
cell; and isql at.| t he pol ypeptide., Prefer.abl -47- the hgost cell is
further engi ﬁgy{ag‘gﬁ?&éﬁlﬁ?8g§p§[¥p7p§ges‘°t3[38{?§frﬁﬁlc %grgu%gqnalsﬁx&%fﬁ ng a

pol ypepti de heheierngtiksdy molecwle tan dhtibody frigneent thstdichidedithe Fy paghefted enbodi nment
the fusion polypeptide conprises the catalytic Ln_of [11. In a
further pre %ﬁﬁéwg%dﬁﬁgﬁp¥eFﬁ@“ﬂﬂ%§8%°£ efﬁ@gﬁ?ﬁGQFSF conpri ses the
Gol ]gi |bf)ca| iii@mmltwlﬂ@dll lify tBd olehedcetitiiadaus FG@é%én cff&ﬁé peteptidy ygepti de.
Preferably, the i localization domain s the |localization domain

of mannosi das@rqdl“?‘%‘!gﬁhﬁﬁt-"a}\ﬁné ‘“(R%ﬂ’&?ﬁqsﬁﬁ’?‘ﬁ?ﬁ? ¥ %‘qted mannosi dase |,
0(1, 2) - N acebmliglcyensriy B rtshansihemdsificatibntihdlsolafngis golipepady | t r ansf er ase.
Preferably, the Oléﬁgﬁtid . has bpcreased effector functjon as a result of
the above nodPTReReredRd Fe-mesisied solluler exiinxipigh I apre T‘u@?b‘?ﬁ“P@(t,’t ed to a method

for pr oduci ngheabed BopRBN Fifier dofhpaisdd @SlbasEtlelnuc] 610 B Exfcolliglg GuiTmY | Ng a host
cell/engi neered {o _express at |east one nucleig acid enﬁéglng a fusion
pol ypepti de t n acid encoding a
| i d theapnT dHis grpipssefdn A eopst syffgienf tonmefify dheaci g di
pol ypepti de ha&ydsagthives h&h@é&b%ibﬂdftﬂé%%qﬁiﬂ&ﬁb&dc@dﬁrmdﬁﬂs&@ﬂ gRrnit the
production of a polypeptide selected fromthe gﬁoup consisting of a whole
e [

ant i body nol EtheTeEn thanolyperiige g inpratre Re-mediated & FRIBBYSEH that i ncl udes
a regi on equinalt@Pihetnddifdatide Fr8@1a013, BE cRttedsidH MVBOEH R W e ShEr €i N the

fusion polypeptide i s expressed in an amount sufficient to nodify the
ol i gosacchari Mﬁﬂ%&ﬂ%&ﬂﬁwfﬁﬁ%w@qﬁbblfﬁﬂ%&ﬁsw@r&%m by the host
cell; 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 Fc region to total oligosaccharides
in the Fc region is at least about 45 percent. In a preferred embodiment, the
bisected oligosaccharides are complex of hybrid. Preferably, the host cell is a
mammalian cell, a yeast cell, an insect cell or a plant cell. Even more preferably,
the host cell is a plant cell.

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

a. culturing a host cell engineered to express at least one nucleic acid
encoding a polypeptide having a-Mannosidase I 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 baving o-Mannosidase II activity is expressed in an amount



and isolating the pol ypeptide. In an additional enbodinent, the host cell is
further engineered to express at |east one nucleic acid encoding a

pol ypeptide having G1aT Il activity. Preferably, the fusion pol ypeptide
conprises the catalytic domain of GalT. Also preferred is that the fusion
pol ypeptide further conprises the Golgi |ocalization domain of a

het er ol ogous Col gi resident pol ypeptide. Preferably, the Golgi l|ocalization
domain is the localization domain of _spmannosi dase

I1,13(1, 2)-Nacetyl glucosam nyltransferase |, mannosi dase 1, 13(1, 2)-

N-acetyl gl ucosam nyl transferase Il or a 1-6 core fucosyltransferase.
Preferably, theinnhyRemt a8 Jianadpaldeanas B fRohQF i ohboliass a resul t of
t he above nodi |lcat(?/or_ll.%h‘Spe(czjlH |?:§Pﬁ/, |ﬁ1n %1 pregﬁerrg% gn%%%i%nent,

t hepol ypept i deroguced by esad hasycellhandhost cel | has an increased proportion of

bi sect ed, nonfucosyl i ; I I, [ regi on of the

pol ypepti de. Pref ya %@%%&%B@%@t@%{oa&%gﬁ*gb&%l&%%@éd ol i gosacchari des are
hybrid. [®&4] nor e Theefreseabinyentivhds lalss elitectdd to polypeptidesy Ipatiiedlady i gosacchari des
are conplex. ln,a.preferred enhodi.nen t |least. -48-. ftrom apout 10%to 95%
of “the oI | gos R Gadhs FrRERRRE ncRly nfE mcrighed ELRABRL [ cucted
nonf ucosyl at eindilys pe airedult wfrsaifl enodifibdi digbdaadhamlbo st wald % their use in

25% 30% 35% 40% 45% 50% 55% 609 0/ ,., 70%.75%.80% 85% 90% 95% of the

ol i gosacchari E%p?“ﬁ%fﬂﬂgcﬁgm%‘set@i%%%bs?ﬂf’ﬁep%‘f @g’(ﬁcﬁ%er edpol ypeptides of the

present invention are bisected, nonfucosylated. [0128] In an additionally

preferred enbadi ment, t resent..invent i rovides .that the antibodies
engi neer ed agﬁ%ﬁ% “tag‘g erﬁ"éﬂ?ﬁ%%{ﬁ%%%gg ‘;F%%E‘Fitvgﬁl‘c have i ncreased
ef fector funct'PoNeeHHL 3&‘3 Tyoagylaty naPesodi nent, the invention furt her

pr ovi des phar maceutical conpositions conprising the antibodi es engi neered
aﬁcor di ngo13s] | the mtpfaa&ﬁﬁ@énﬁb?@npﬂmodktby_@legéneﬂﬁoﬁhah@eroahésy, the

phar maceuti cal . conpositions of t present inventiqQn conprise a

phar nmaceut i ca?elllfysé%%%’f 'ilsp@dm@a? Pgil“’.ofof’@i%@ﬂ“ws’i ety B3RP t her provi des
a method for {dagidineit FeRkioRand AMGE Hidtéins whithR ispichQgRviledtiexhaftel ni stering a
t herapeutically effective ampunt of the pharmaceutical conpositions of the

present i nverficBign, haging increagit Fo rcepion binding alipjty, preferably Fe activating
receptors, and/or having increased effector functions, including antibody-

dependent cellular cytotoxicity. Identification of target epitopes and generation
of anﬁ‘bodies 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, eic. 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



[01311 The invention is further directed to a nmethod for producing a

pol ypeptide having increased Fc-nediated cellular cytotoxicity in a host
cell, conprising culturing a host cell engineered to express at |east one
nucl eic acid encoding GlT and at | east one nucleic acid encoding Man |
under conditions which permt the production of a polypeptide selected from
the group consisting of a whole antibody nol ecul e, an anti body fragnent

that included the Fc region ofan i mrunogl obulin, wherein the expression
level of one or both of GalT or Man |¢y. is sufficient to nodify the

ol i'gosaccharides in the Fc region of the pol ypeptide produced by the host
cell and wherein the polypeptide has increased Fc-nediated cellular

cytotoxicity as ) i cati on:. and LSO tin he pol ypepti de
havi ng i ncr ea?ﬂ’&nffc-m h’lef)goﬁ?%?es’c@?l%%?@??v erqat h&gﬂ%ﬁ tionally
pr?aferlred en@o?p]g&ghd;ﬂchﬁpleoepﬁﬁﬁmmalslmgb amFJMFHchJJ@dwa&&cfﬁn ant i body

nol ecul e or anti ra udes e Fc r.egion an

i mrunogl obi n "f‘?&v‘?ﬁ’g’é‘:ﬁ‘%&? gesaégys?@ LT%‘HP %Efémqwalrya% oPWﬁ??’rty [0132] The
invention is fayéidifebil drnggibig Kelf}hcﬁe rrﬁtﬁaodmﬁl@éyaﬁhowtrmeﬁﬂp@hd/pept i de

having increased Fc-nediated cell uI ar cyt otoxicity in host cell,

conprising - - qeptendiplly ysefuhbnman pdivyagteqap %%@@Flgﬁcﬂl@%?ﬁiﬂ@?ﬂ% | east one

nucl ei ¢ aci d ensAtLAS-uPaina)d AlimhBast RARRNAME laghifst 36b hnfnOdi ng Man ||
under conditionS which permt the production of a polypeptide selected from

the group conBBHIPERFicOTREE!G of deriptichbrsemhinies ige 1088078 offbRIy f r agnent
that ‘i ncl udedybiay GCcARgHANGANBYs & HREAUERNELY mithPTBhihed bE eXPT eSSi on

| evel of one or s suffrcient to nodify t

ol i gosacchar|Hé@ﬂdisﬁomh]ételﬂéluwgéia@hmﬁﬁtm’fbe%bﬂypé}mﬂﬂmﬂl)pﬁtm by the host
cel I, and wher gjp bﬁ@:&%ﬂ&&pq}mm@s&&a%ﬁﬂl ﬁmmﬁ?ﬁ{e% gif! I Ul ar
cytotoxicity as a result dification; | sol ating the polypeptlde
havi ng i ncr eamﬂFQme#ﬂPal@muéﬁb mﬂramd'eschwmhy@hoytan@ons raleptr@faér red

enbodi nent , I asimae nucleic acid
encodi ng GnT'l}“ﬂ@p@q;ﬂ erein: Fﬁgi%ﬁ%%&%hﬁ{g&%@%ﬁ%?ﬁ%%ﬁﬁﬁﬂgn angﬂnt sufficient
to nodify t heassayed dosadibhdy itites AnimtahearF dopgigl antilothettiter plalegysept i de pr oduced
byt he host c \é/qgﬂ ek medi at ed
cellular cyto offlﬁggd/h as a %rﬁegs&gtff%tgﬂ&&h%ﬁ@ﬁ@%@%ﬁ%@%?&% ably, the
expressi on | esopjugaitd oriéfaent portean afd/or through a different cross-linking reagent.

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 ez al., Immunology Today
4:72 (1983); Cote et al., Proc. Natl. Acad. Sci. U.S.A. 80:2026-30 (1983 ) and the
EBV-hybridoma technique (Cole et al., Monoclonal Antibodies and Cancer
Therapy 77-96 (Alan R. Liss, Inc., 1985)). In addition, techniques developed for
the production of "chimeric antibodies"” (Morrison et al., Proc. Natl. Acad. Sci.
U.S.A4. 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. Altematively, techniques described for the
production of single chain antibodies (U.S. Patent No. 4,946,778) can be adapted



GalT, Man Il or GhT |11 is sufficient to form bisected oligosaccharides in
the Fc region of the polypeptide. Even nore preferably, the proportion of

bi sected oligosaccharides in the Fc region to total oligosaccharides in the
Fe region is at |east about 25, 35, 45, 55, 60, 65, 70, 75, 80, 85,90 or 95
percent. Preferably, the proportion of bisected oligosaccharides in the Fc
region to total oligosaccharides in the Fc region is at |east about 45
percent. In a preferred enbodi nent, the bisected oligosaccharides are
conpl ex or hybrid. Preferably, the hoét cell is a mammualian cell, a yeast
cell, an insect cell or a plant cell. Even nore preferably, the host cel

Is a plant cell 01 33! | n another aspect, the present invention is directed
to a method f@rPl‘Of{'; i chgjn antth ﬂlﬁ)bqsrmg@éealmd@eﬁﬁ@ty celelinvegtinnit i si ng:  a.

culturing a h Iﬂﬁﬁ&ﬁgﬂ e ic acid
encodi ng a poly eptlgegﬁgv ng a- nn05| ase $&C§E§?%ItyU§§H&£§0ndltlOnS
whi ch pernitmmmdmgmmﬂumuﬂ@ﬁsofmappB$WpHpﬁmdeTgémagﬂeﬁrﬁmnmmn$e group

consi sting of n and a fusion
protein that mﬁna"f udegbgé}%geag?%&l%ﬁ\c/%ﬁ Pt%ﬁ%w&g‘%% o(f an o
i mmunogl obul i Queen/faﬁ:rleuhaerﬁm@ntegmbywh]?mardmchpmmghmm/hmmﬁﬂ?e |1 acL i vi I:I y
is expre in an sufficien €.l | gosacc ari des
o the LA on " GrRBR e i At e bAPE S PSR T and b.
| nvention 15 ﬁﬁ°§’2* o rect ot o poy ‘*‘e@mﬁh*“‘“@‘FfﬁﬁTﬂa?‘?‘m*%? EQS. G5, " havi ng
i ncreased ef f %W f’BﬁE‘g"rg ﬁ‘i"?o‘}%ﬁ&? *?é t%’ag@a'f gF’@BtépWIB%/h “% AYi ng as a
Composi 1 one %mé i ﬁﬂ"f‘?""‘mﬂ ] M?ﬁﬁgﬁ‘?h{ﬁﬁ%g’ﬁﬁw cation and
Genenation of ¥ F"é‘l Eg‘ﬂéﬁ EFF&IB o bofgrsp e FRERW: £ i cation of
The d ycosyl atmamﬁ’&ﬂgam@mdﬂ&mw%h@i%donéﬁmetewﬁ&emazlsweaa&lon provi des

d use, of host, cell s st ens r the production

net hods for t ener at i a
of gl ycof or rrsgl‘géflg)'gﬁ'gi Wég)e@,aﬂ%‘ﬁt‘?%‘bﬁi}i REnigfRHicaton r‘i‘%"é‘PﬂP‘H’gFﬁme Fc region,
and fusion prgighdt Wilthithd dedirddagbdfici§do!hy #r@f broteth dMifeks.

[0140] Once an antibody or antibody fragment has been identified for which

modification in the glycosylation paitern are desired, the coding nucleic acid

sequence is identified and isolated using techniques well known in the art.

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

[0141] The present invention provides host cell expression systems for the
generation of proteins having modified glycosylation patterns. In particular, the
present invention provides host cell systems for the generation of glycoforms of
proteins having an improved therapentic 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 I
(GnTHI) 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



regi on, having increased Fc receptor binding affinity, preferably Fe
activating receptors, and/or having increased effector functions, including
anti body- dependent cellular cytotoxicity. Identification of target epitopes
and generation of anti bodies having potential therapeutic value, for which
nodi fication 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_nown in the art maybe used for the
production of antibodies to target epitopes of interest. Such antibodies

I nclude but are not Ilimted to polyclonal, nonoclonal, chinmeric, humanized,
fully-human, singl e, .chaj fr ts and fra t duced by an ScFv,
Fab, VII, Igd’01 Btr‘q?éig"(]'ﬁ%g@1@&?&%@%@&%@&9@2&& ul, e.g., as
di agnosti c orandtchmprgiegthe Goh) ®igilizatiodsiomiaimrodp deltologagsBils redident r al i zi ng

anti bodies, i.e., thos whi ch ¢ ete for bindipgwth a ligand, substrate
or adapter nn?oim‘J’Pté‘g eonﬁfaSPeégp}Eegﬁ‘gi F?J{ ’Sreé’\g]é‘fa‘?r%cﬂa?tmae?“é@fc. ac?%137] For the
producti on of makeédld ety Bing\e@ Idagthe ROl encotinEPd SusidholyPEptide Aeendy i nj ection
with the target protein of interest incl d{_@g, but not limted to, rabbits,
mce, rats, et@? -Hochgaﬁaﬁmaraﬁ#aeﬁ%a&mﬁég agtiyjte end cORPHETRERE s by nul tipl e
subcut aneous Gsig)lolizitidhdeRek ot @RREblofdu Goldl kfibntQBEpgftidbe rel evant antigen
and an adjuvant. Variogus adjuvants ma){ be used to increase the

i munol odf1ddl - 51-Gepgralhy geetype et raiupherldme cabaised asaheeksamd i | udi ng but

not limted tgpfHe@uithost cell GRS B Brefddtink QoA AlpeferrddleRBbBneste| S such as
al um num hydr oxi de, surface active substances such as |ysol ecithin,

pl uroni ¢ pol yeHS celisgBHE ¢pilsmkIS0 prdlsSPlsells, ¥ Qmygloma cells, PR mqushs, keyhol e

i mpet henocyaniin, shil) BERORNE TER, COGMs oPRbABhALIY, die ialnrliliigRn adj Uvant s
such/ as BCG (bacille Cal mette-Guerin) an Cor ynebact eri um parvum Ani mal s

are i mmuni zedcedgaraseells, insed gellsgurplant qebgagusgdesithe hagkgrengd edkinedy deri vati ves

™ oo reapoct fal iy ifhedtd Bofl oBls ofR RS Cop N P ant and
in ecti ng  heNeeteLeansfis T3S rBapby 2063 rrul refgrases shadebereighleront h | ateer,
e anl nmal s ; - a anpunt of peptl de or
% s ds Mlﬂ:ﬁ'ar@ hgreﬁfmé{:réjt%}atwgy 1FerdHc L) pep

conjugate in 's adj uvant by su aneous I njéction at
[0144] The invention is contemplated to encompass any engineered host cells

expressing a fusion polypeptide having f(1,4)-N-acetylglucosaminyltransferase
Il (GaTI) activity and comprising the Golgi localization domain of a
heterologous Golgi resident polypeptide as defined herein.

[0145] One or several nucleic acids encoding a fusion polypeptide having B(1,4)-
N-acetylglucosaminyltransferase III (GnTIII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide may be
expressed under the control of a constitutive promoter or, alternately, aregulated
expression system. Suitable regulated expression systems include, but are not
limited to, a tetracycline-regulated expression system, an ecdysone-inducible
expression system, a lac-switch expression system, a glucocorticoid-inducible
expression 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 III {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 of a

constitutive promoter, while others are expressed under the control of aregulated



multiple sites. Seven to 14 days later the animals are bled and the serumis
assayed for antibody titer. Aninmals are boosted until the titer plateaus.
Preferably, the animal is boosted with the conjugate of the sane antigen,

but conjugated to different protein and/or through a different
cross-linking reagent. Conjugates can also be nade in reconbi nant cel
culture as protein fusions. [01381 Mnocl onal antibodies to the target of
interest may be prepared using any tgchnique which provides for the
production of anti body nol ecul es by continuous cell lines in culture. These
I nclude, but are not limted to, the hybridoma technique originally

descri bed by Kohler .and M| stein 975 t he human
B-cel | hybri oBfgRO ’Fbcﬁ'ﬁ ?@é‘ﬁ%?ﬂl\lgwﬁmnﬂdﬁﬁ%ﬁm%b“g?&? %Flblﬁ 72 (1983):
Cote et al., Bm@fsthmlﬁlsmﬁqﬁalyp‘égﬁda edprsstdn tBA ' d3E2knt HQve d BBdficand t he
EBV- hybri doma {echni _que Monogl onal Anti bodi es and Cancer

Ther apy 77- QGad(Vﬁﬂs%lﬁffPGt qu; gfgl g’l‘-’ﬁﬁh ratﬁ%’é)‘j“ b6, deteragdopsing EBRYYAF ques devel oped
for the prod brirBéhton. Bipré¥Bioh fevalDirk BAGHBRA {(ﬁ@ﬂhbdi ykdbwn Proc. Natl.
Acad. Sci . A. 81:6851-55 (1984); Neuberger et Nature 312: 604- 08
(1984) ; Take’&athe at, lﬁctlud’%W&F‘émﬁ@ WISRSWELQBW'DW spifie forthe he genes from
a nouse anti bﬁdypunan @nrpﬁlaggﬂwgﬂﬁhgo@@ﬁéc%% g%}dgh%lfﬁsgdtoget her with

genes froma ntibody nol ecul e of appropriate ol ogical activity can
be used. Thest@thqr@bnmb&ab@wm agfisity, Nosthemblng anelysisiuging paud®i¢ i bodi es

compr i sed of g ARdshashe 1Tt B bitolhe B aﬁwﬁgﬁmé virfd ter nati vely,

t echni ques described for th pr oductron o hai n antibodies (U S

Pat ent No. 4, M@ucrlwe)m@arnbweaﬂam agucleic acBbencadinganspiidedagsfragiie chain
ant i bod| es ha@ﬂe?,glgg?l 8§h5‘ﬁ§% %ﬁave%ﬁwyor J&Qn&:ﬂé&ﬁ%tf'(ﬁﬂ’msacu% ther directed

to hunani zed an es t een gl ycoengi neere according to the
met hods of t héltqgn@sfelmalmwgmflbgnmpwmrmmtqi:wsqeﬁhe&mdvgts ofumani zed

anti bodi es arg.di$f] é’ieOF“' | g%lnﬁ.Aft 'dvé% a@@ﬁmaﬁﬁ ss?y&rﬁgh 320 to Queen

et at, the entire céntent are incorporated herein in their
entiret y. [ 01@edsusas thiehinchpased Rynsaeptorviinditg oo mcesased syfeciof ifenchipmdi ng sites of

t he target re % ner.at ) ni ques. For
exanpl e, such&%gtggbrg&thh%% %‘e u ggeﬁlg Mot E\eeq“;a%{letggﬁ #3%(}%) 2 fragnments
whi ch can be encoding a polypeptide with GnTII activity, may be used. In 2 further

alternative, the nucleic acid may be operatively linked to a reporter gene; the

-

expression levels of the fusion polypeptide having B(1,4)-N-
acetylglucosaminyliransferase III (GnTI) 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.
Thereporter gene may transcribed together with the nucleic acid(s) encoding the
fusion 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-acetylglucosaminyliransferase III (GnTII) activity and
comprising the Golgi localization domain of a heterologous Golgi resident
polypeptide such that a single polypeptide chain is formed. The nucleic acids
encoding the fusion polypeptides of the present invention may be operatively
linked to the reporter gene under the control of a single promoter, such that the
nucleic acid encoding the fusion polypeptide and the reporter gene are
transcriibed info an RNA molecule which is alternatively spliced into two



produced by pepsin digestion of the anti body nol ecul e and the Fab fragnments
} which can be generated by reducing the disulfide bridges ofthe F(ab')?2
fragnents. Alternatively, Fab expression libraries nay be constructed (Huse
et al., Science 246:1275-81 (1989) to allow rapid and easy identification
of nonoclonal Fab fragnents with the desired specificity to the target
protein of interest. [0140] Once an anti body or antibody fragnent has been
identified for which nodification igsthe glycosylation pattern are desired,
the coding nucleic acid sequence is identified and isolated using

techni ques well known in the art. a. Generation O Cell Lines For The
Production O Praoteins W d_ dycosyl atj on Patt 0141] The

pr esent i nverdthd GHFW%@%W?OI ?Se%%iog%hesrﬁs‘s“ﬁ&ﬁlgﬁgﬁe generation
of proteins havlagd mousihkiredred proemy ket the btheristt@ndised info pafisicul ar, t he

pr esent invention rovi des host cell systens for the generation of

gl ycof orms ofPPIBPRIIE| ns having an i nproved therapeutic value. Therefore, in
one aspemi4e]t he Wﬁlicﬁﬁbrﬁﬂﬁﬂdlﬁeaciﬁmimdi@dﬁﬁ%ﬂb@lﬁpépﬂﬂe%gens sel ected or
engi neered to express, .e.g., a fusion_polypeptide having,

P(1,4)-N acet%@%@sﬁﬂﬁ@w%@%ﬂa@éﬂhﬁWmn?cmqsmgt%e and conpri si ng
the Gol gi | oq@digizigtdlioqiod UsRiath &1fa BESLRERISOGAMSTesifdi GbiypGtiddant pol ypepti de.
Speci fically, such_host cell expression systens may be engineered to
conprise a rcXpisehbay mayor aimnestingurhoraydbat ey AR Sansegb s A RLe PRusi on

pol ypepti de, Qp&eRlmRRlAmIILAEs Aty fe GRASHNCM S d ¥RIQIRNEUMRLRD Pronot er
system [0142] In one specific enbodi nment, the present invention provides a
host cel | t haheir 1gspectiys spdipgefpmersanat ks linkesth aither byan intersl ribaromuc] ei ¢ aci d
encodi ng a fugj ite @RES I & j ion enhan

43(1?4)-N—ac§?y §$zcosgﬁ?ﬁ%?ﬁ?&hﬂ?@%ﬁ%ﬁHﬁ%ﬁﬂ?%hTmo“%g?Fg}p§h§%nd conpri sing
the Gol gi | ocB¥ beaimsribed fiamna sipgly PrerderdniegaNAaameleculecshige it  pol ypept i de.
In one aspectqellifyiiplicefhib Sa&aﬁ&gh%%e%@ug&kﬂAgM)%ﬂeeﬁ d nolecule

conprising at |east ‘one gene encoding a fusion polypeptide having
D( 1, 4) - N- ac etWhigh thenpseavinioslpiet tetbeiswspeptiveemyiedifagionpalyneptidesand conpri si ng
the ol gyqghocali ' 2fefcacN! J L1t L ES t pol ypepti de.
4 Fthé? Ol biifs, He pResift b VitesHOMY pol ypep
[ 0143] Cgirlle’bal ly, “any type of cuelpur%g cgﬂc’ﬂ?@neﬁcan %)neé(gls%g as a background
to systerns for the generation of therapentic antibodies, having increased Fe receptor
binding affinity, particularly binding to Fc activating receptors, and increased

effector function, including antibody-dependent cellular cytotoxicity,. Generally,

the host cell expression systems have been engineered and/or selected to express
pnucleic 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 II (GnTIL) activity
and comprising the Golgi localization domain of a heterologous Golgi resident
polypeptide. In one embodiment, the host cell system is transfected with at least
Ione 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,
BHX: 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



engi neer the host cell lines of the present invention. In a preferred

enbodi nent, CHO cells, BHK cells, NSO cells, SP2/0 cells, YO nyeloma cells,
P3X63 nmouse nyeloma cells, PER cells, PER C6 cells or hybridoma cells,
other mammalian cells, yeast cells, insect cells, or plant cells are used
as the background cell line to generate the engineered host cells of the

i nvention. (See Ma, J. K -C., et al., Nature Cenetics 4:794-805 (Cctober
2003) and references cited therein) (the entire contents of which are-
hereby incorporated by reference). [Q344] The invention is contenplated to
enconpass any engi neered host cells expressing a fusion pol ypeptide having
f3(1,4)-Nacetyl glucosam nyltransferase 1IlIl (GTlIl) activity and

conprising t j ' | on: ' .k | gi resident
pol ypepti de 2@“%2??%8%Rﬁ§$%%%%h%ﬁ?ﬁ@i &ﬂéﬂ%¥ﬁ%ev 1§§ﬁ%%g@g?%£gcids encodi ng
a fusion pol yip_mpmbgieblﬁiaﬁavd)rmjpzﬁi@( froiin-thallimbdeyd oo egavalanylotthelfsf er ase |11
e o b b PR B Ahb PR AR TR 1% 01 o
of a constit uderived fomneiores pooduciaf tzed natreting , tha metihola e igh epg@ifissi on syst em

Sui t abl e regul at ed .expressi on ste i ud ut. are not .limted to, a
tetracycline-?%@ﬁﬁggggmgg%Fﬁg%ﬁ%ﬁm? ﬁgﬁ?bgﬁﬁgﬁgvgoﬁbgﬁﬂﬁﬁﬁ?ﬁ e expression
system a | acensbuidingit, @ kbrRisma odll 1y stpeeikinga phriaaafiio¢Pofinteradici bl e
expression system .a.te r re-induci bl e pronoter, syste and a
net al | ot hi one‘i‘sﬁglﬁ%tbﬁ?kgfqr{‘g‘gc?g]m'é‘e &% SrReeas dhe g@%‘l"&‘f‘r‘& bogt ‘éeh%g}&l?e di fferent
nucl ei ¢ aci daveniedi ng fusi on pol ypeptides having p(1,4)-N

m nyl transf erase GhTl)l) activit i sing the Golg

acet yl gl ucosa [11 ] .and co,

I ocal>/i gaﬁl&ﬁl donaith 0Bt embadipent 31"‘6’@‘&% apids )ﬁff""i&‘égi e%f‘ﬁ #?;“ﬁ‘gg‘{x de are
compri sed W frkpinfent diFclfasin ftipeptiid GeaiBned afiR atihobNeBDRoRIPT essed under
t he control of cong%%gut ve pronpt rhﬁ¥hlﬁé%fther. ar e, expressed upder
the control ofdlagareifangfect mt"dﬁ?)lﬁﬂﬁtc“é’ : gel es it wigh, | evel is
consi der ed t Ospagifi¢ BEbEEYPRATEH AP SR isdMcted ah®¥Rlenddifors Badblselediddsionss pol ypepti de

expression that does not have a significant adverse effect on cell growth

rate, and wi | ¥Hen Epleris WeksicprirR-Botiya iSRS PPBRTioNEX pr essi on
l evel s are dejgfordBRdinthy niBLbYISE qﬁ&ﬂﬁfg?fol' ékaiﬁﬁ&m)aﬁﬁoﬁﬁﬁy@bﬁde i ncl udi ng
Western bl ot apal ysi s u3|nq an antibody specific for the

with béta 1,4-N-acetylgluycosaminyltranisferase III (GnTII) activity, or (b)a

fusion polypeptide with beta 1,4-galactosyltransferase (GalT) activity, or (¢)a

polypeptide with Golgi alpha-manmosidase II (Manll) activity, or (d) a fusion

polypeptide with GnTTII activity and a further polypeptide with Manll 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 glycoproten-modifying
glycosyltransferase genes at expression levels leading to modification of the Fc
region glycosylation paitern, 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-FeyRIIl 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-



pol ypeptide having GhTII1l activity or an antibody specific for a peptide tag
fused to the polypeptide having G1TlIII activity, Northern blot analysis
using a nucleic acid probe specific for the gene encodi ng the pol ypeptide

having GhTl Il activity or a nucleic acid probe specific for a nucleic acid
encoding a peptide tag fused to the polypeptide having G1TlIl activity, or
measurenment of GhTlIIl activity. Alternatively, a lectin nmay be enpl oyed
whi ch binds to biosynthetic products the GaTlIl, for exanple, E4-PHA

lectin. Alternatively, a functional assay which neasures the increased Fc
receptor binding or increased effector function nediated by antibodies

produced by the.cells engineered with the nucleic.acid encoding a

pol ypepti de V\nmtoﬂﬁ@‘ﬁ'ép’ OSHETPH T ?xwoﬁgecﬁ?%ﬁms#eﬁm&’*sﬁﬁeﬁg‘i “®al ternative,
the nucl ei c ahosl nBNs bereopfsshat trussfestelii Nkl tie aglyapaotéismogiiniag t he
expression |levels of the fusion polypeptide havin L 4) - N,

acetyl gl ucosaﬁ%yF\%FP’wFF%ﬁf‘ér?s@rC@ESS}qnlvef@#% Iﬂﬁenamfl"i tb? g%}“%g[%ﬁe’%?(’i‘??ﬁf’ﬁlsi ng the Col gi
| ocal i zati on ¢eyeas. Mn@ichaPRbah HeRURLSHSLR 1B first REIsRERYn 1D ¥ BGBéNegle are
determined b neasurlnq a signal correlated with the expression | evel of

the reporter HEAEUalyFably exparstien leyenel theglyordiserraeamebba®of with the
nucl ei ¢ aci d( gk n@AaBE el RurthbliRloM) oPHHBOR] iRradfierlly HaR@tfing RNA 1ol ecul e;
their respective coding sequences nmay be |inked either by an internal

ri bosone ent r jEPLpates of yurrepnes withantibody: gxpressiryreiorrend thep appdying then enhancer

(A TE). The reRahi®metRASiesbe® RirthbrhadsiRbae 1§ RARIAPQnwit sialle | east one
nucl eic acid encodlng t.he fusi onpol ypeptide havin

P(1, 4) - N- acet FFRyrssien el 9 e glysdsylugnsiersse| gepen Iem%s deatiladi % and  conpri sing
the Gol gi | ocaloiiARiticRhf R Refoh AchSiRbR pRSek Snd3e! A inkBsb G8RE  pol ypepti de
such/that a single polypeptidé chain is forned. The nucleic acids encoding
the fusion poFepprien ingldingFeyRH jspaptasy tbindingeaitinitynandean ipe@easpat B¢i vely | i nked
to the report eheA60GeHee ofelor CAREHMRs, ChclRdist NBL-EoRhRRP! Glimiguch that the
nucl ei ¢ acid encodi ng the fusion polypeptide and the reporter gene are
transcriibed Fyetexiaiy.-RNA nol ecul e which is alternatively spliced into two
-55- sep mes sgng e +RNA LTI en e . f ting NRNAs is
transl at éetgﬁ.itlﬁto tf]lg Fgeporter prote|t’wca?1lgti]:'t'.%}§|yeer%tgﬁleléJ %eé&fragﬁgt?{gt ed into the
fusi on pol ypebressiransferase genes are transfected together in a single transfection step,

either in a single expression vector or in separate vectors.

[0152] Typically, at least one nucleic acid in the host cell system encodes a
fusion polypeptide having B(1,4)-N-acetylglucosaminyltransferase III (GnTIII)
activity or, altematively, B(1,4)-galactosyltransferase activity, and comprising
the Golgi localization domain of a heterologous Golgi resident polypeptide or,
alternatively, it encodes a polypeptide with Golgi 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, aregnlated 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 metai-inducible expression system. If several
different nucleic acids encoding a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase I {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



[01461 If several different nucleic acids encoding a fusion pol ypeptide
having P(1,4)-Nacetylglucosam nyltransferase IIl (G1Tf) activity and
conprising the Golgi localization domain of a heterol ogous Gol gi resident
pol ypeptide are expressed, they may be arranged in such way that they are
transcri bed as one or as several nRNA nolecules. If they are transcribed as
a single nRNA nolecule, their respective coding sequences may be |inked
either by an internal ribosone ent[%Lsite (I RES) or by a cap-independent
transl ati on enhancer (CITE). They nay be transcribed froma single pronoter
into an RNA nolecule which is alternatively spliced into several separate

nmessenger RNA nol ecul es whi ch then are each.trans]ated into their
respective eﬁ%%%@%?’ﬂhﬁ%ﬁ?ﬁ?@’.msf%fﬂ%r%eﬁo oh%{rarg;f% iments, the
present i nvepionter PTiRthaRAGAal BOstssidoe ldvelaxqpnadaedin be thy Righesepdssiblet he generati on
oftherapeuti? ntib ijiﬁs’ havi n increasegﬂF&e&ece tor . binding affinity,
particul arl y %P isﬁ"get sipR, POYREPY s FEREFSTER: nothiaye p FEHGENY - ef f ect or
function, i nedvgkengdfeanbh Rel\prelrpaneeria &al lbbl @fentite® ok Ghitthe. CGeneral |y,
the host cell expression systens have been engi neered and/or selected to

express nucPERCEMSREEDN. Expissiondevels aredpiemeined bymusthodpgeagralli@oppoduct i on of
altered glyaphOaTTchAind&PistBtblohANEs Wi salan hRAdly PBAHOREIHRI ¢ acid
encodi ng a fusjion _ polypeptide having i .

X3(1,4)-Nac E?WP@F‘MW Johiwiby an awtibpgy speeifiqfor speplidatpgfived  and
conprising t F&h@ﬁﬂlﬁiepﬂi&q)ghhgéhfmlﬁﬁﬁﬁ@iiﬂrﬂﬁnﬁotﬁaﬁ&l?&iﬁlsﬁ%‘&%cl@@' gi resident

pol ypeptide. In one enbodi nent, the host cell systemis transfected with at

| east one néedgroge srepificdoreatyi Hg eswrcameeding b pplopsppdphaving Cofilli cal |y, the
transf ected ygghl & akloRabRgkAd sheircdsnihliicand hsingl sahioongs thal stably

expr'‘ess the fusion polypeptide e i nvention.

Any "t ype of
cul tured cel fuspd F%me@ﬁlm@ﬁﬂsm%ﬁgkg?wftmeﬁw[gﬂﬂﬁée}]fm Kgst cell
lines of theeﬂiyﬁﬁﬂé‘ﬁcﬂvﬁ%e@xﬁt}aﬁgﬁveg) aqeo%%meeanﬁssgg% NWinds@60 celI's,  BliK

cells, NSO cell's, SP2/0"cells, YO nyeloma cells, nouse nyel oma cells,

PER cel | s, PEBRs@éetieprodues of (¥ ilafmexale, £-Phitnlsetinndviiomptively, éel | s, yeast

are engi noet S A e bR R oG MBI Pbae s U o acid
encodi ng a - SBectexiigrictioramedidgediyy antibediesiproduead banthe dellsignginesngdeth cont ai ni ng t he
FC region of yanycleic acid encoding a polypeptide with GnTIII activity may be used. In 2
further altemative, 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 (IRES) or by a cap-independent translation enhancer (CITE). The reporter
gene may be translated together with at least one nucleic acid encoding a fusion
polypeptide having p(1,4)-N-acetylglucosaminyltransferase ITI (GnTII) activity
and comprising the Golgi localization domain of a heterclogous 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



i mmunogl obulin, or a fusion protein that includes a region equivalent to the
Fc region of an inmunogl obulin. Typically such antibody production cel
lines are derived fromclones producing and secreting the antibody at high
specific productivities in the range between 20 to 120 pg/(cell.day). In an
alternative enbodinment, a hybridoma cell |ine expressing a particul ar

anti body ofinterest is wused as background cell line to generate the

engi neered host cells of the invention. [0149) In one enbodi ment the
nucl ei ¢ aci ds encodi ng the antibodyfs‘ntibody fragnent or Fc-fusion

pol ypeptide are cloned into antibody-expression vectors and then are
transfected into the host ceIIs and . cell clones with high and stable

speci fic ant i(EEAY msdrsales: wpe of the wsulingdpiRil s ishgnadatedipiesaidagnoriers ch sel ect ed

clones are thagntdndRefel Gdranikbd ﬂ{oysgﬂg{l&; SiobpeRdel i ng gl ycosl ytransferase
expression vectors containing nucleic aC|ds encodlng, for exanple, (a) a

fusi on pl§fept i d¥ several diffrsens nuclejc w@@eﬁmmmgamﬂﬁ? bavitger ase |1 |

(G1TM activi

1, 4-gal actos %I?alﬂs?&ﬁg S%‘@Yi; activi F?/ﬂ %?‘{”)%m%&f’%eéu de with CGol gi

al pha- rrannosKIthidealhz%{tmmom)Manta heterplogas @dgl resiflent ipolypenide wsept i de with
GhTM acti vi ty,,. I r(e) a

f usi on pol ypep eﬁﬁ ga% 7,98{ @%@{:@ﬁaﬁﬁh&t%&’%#g&ﬁﬂ y%tg%? ?rge wi t h Mani
activity. d canwemlmRngmwleclﬂdaelfﬂwla@dxae@nhﬂthssmgbmﬁ%trmteclslt,abl e expression

of the anti Qﬁ)equre%g E&g&gﬁ%cgst %ﬁede‘? é:ﬁermlqﬁ l;_]&l body specific

productivities, e expression o ycoprotel n-nodi fyi ng
gl ycosyl t ranwh@ya@e(%esbata cap(-pxdemdmtrhmsimbseﬂheam (CITED Wi fi cation of

the Fc regi yg% %Hb@&lﬁ%& ng’ mler}cl%}'tgdl r}&iﬁr}ml?ch e@% I-I’l the fraction
ar S

of non- fucos |gosacc may be el Fs&ct ed or
non- bi sect ed ﬁnuatlmlylsphwﬂumo m:ahsmpaxuemﬁsemnﬁNMnﬂhNA)ymlmdlee,ype which is

merense i n PR R iRl o Moy B2 ) 20, o

medi ated effector functions, incl ud| ng but not limted to Fc-dependent
cellular cytotoxicity.; Sel ggli.guh nas([}g(eﬁgreeni ng nethods are described bel ow.
[ 01501 In anot her enbodi nentthe or ofthe two transfections described
above, nanely the anti body expression vectors transfection and the

gl ycopr ofogss) Methods which are well known to those skilled in the art can be used to

-construct expression vectors containing the coding sequence of the protein of

interest and the coding sequence of a fusion polypeptide having P(1.,4)-N-

acetylglucosaminyltransferase Il (GnTIH) activity and comprising the Golgi

localization domain of z;. heterclogous 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 the

coding sequence of the protein of interest and the coding sequence of the fusion

polypeptide of the present invention. Preferably, mammalian cells are used as

host cell systems transfected with recombinant plasmid DNA or cosmid DNA

expression vectors containing the coding sequence of the protein of interest and

the coding sequence of the fusion polypeptide. Most preferably, CHO cells,



-57- nodi fying glycosyltransferase expression vectors transfection, is
reversed, i.e., host cells are first transfected with the

gl ycoprotei n-nodi fying glycosyltransferase expression vectors and then with
t he anti body expression vectors. In such approach the clones fromthe first
transfecti on maybe screened for adequate stable expression levels of the

gl ycosyl transferase genes by any of the nethods described further below, or
alternatively by transiently transfe tlng replicates of such clones with
anti body expression vectors and then pplylng the screening nethods
described further belowin order to identify clones.with stable expression
| evel of the_qgl cosyltransferase ggnes at levels that lead to a

modi fi cation ealle, NMRO qelly SEHO gollpe HQymygiomsyrelin FE 263 montg my8loBw i ncrease in Fc
receptor, i ”GéﬁédPEEgcéfﬁ)@ﬂR(tS EeﬁE@rﬁIyQﬁ&omatEeﬂéjbﬂgr@iniﬂ:ﬂiab}éelﬁnﬁaﬁ” increase in

Fe receptor-rredl ated effector functions, including Fc-dependent cellul ar
cyt ot oxi ci t y celfspinser ceflp, onplmtcelisare sadesdiostast sysieme SemeiekasaRleseatc odi ng genes

and the gl ye;e%%xésfohagga 306 SAERBA :ﬂ{tﬁocisrﬁg%fe?cﬁto@@ﬁ aRchlieknEn @ single
transfection step, In a single expression vector or i'n separate
vectors. [01561?6110@|antélef9yen0€§tthm§30ﬁbﬁéalnﬁwlt@h@l Hived- THAN206-7TBost cel | system
encodes a @Og%@ﬂl MPE B axﬁp&n%%org%?¥/ﬁ§& + rgbnyltransferase

11 (GnTl] 1) activi'ty or, al Cernativ transferase
activity, andl%’&hprhsdaﬁgnandﬂ@umbglcuho@l Bazmhndnﬂdﬂﬁé%(?@m)amhet er ol ogous

Col gi reside gﬂ! r ol ypeptide with
Gol gi a- manng'gll asxgﬁ%h%vg’?u\%%ﬁ%{%%gaij&:e 1)(gurc‘(isott(a)v)eE}Eﬂ]ql(iinuc épc aci ds

enc;)dl Ing ? f@mnOp;)Bzype‘pbl deé: 415[0-45I4€(2001mvlarﬁtcmatewm}0mbmemx,putf$feg under the
control o a@f;ﬁ | r a . _a_leg ed expression
system Suita regﬂé%ﬂa%(egld g’?e@g 8% cgr;}tgl%léﬁ{e& (l:l}ﬁaﬁ’e?(&gtu? 1%re not limted
to, a tet racymnsfarmede@ﬂllmemm%%sxpessmy%@m canajniagdgcsn@dmgl nduci bl e

expr essi on S¥%1R1§ﬁ@guo§'| t%%é rotei o? E]ntgr)ésqrag§ e co g{;%ncgo the fusm

gl ucocorti coi expressi on sys era ure-rnduci bl e pr onot er
system and @ommﬂtmthnmmmm m&ﬂSMMwMemhmmsmem | f several

di fferent nuc aci nco a fusi Ko} ti de_ havi 0(1,4)-N
acetyl gl ucosaﬁ% Ssﬁof‘rvgﬁg’is ?%sg P’P}“%q%%?ﬁquseg‘ﬁe&c i sing the ol gi

protein of interest and the codmg sequence of the fusion polypeptide of the

invention; plant cell systems infected with recombinant virus expression vectors
(e.g., cauliflower mosaic virus, CaMV, tobacco mosaic virus, TMV) or
transformed with recombinant plasmid expression vectors (e.g., Ti plasmid)
containing the coding sequence of the protein of interest and the coding sequence
of the fusion polypeptide of the invention; or animal cell systems infected with
recombinant virus expression vectors (e.g., adenovirus, vaccinia virus) including
cell lines engineered to contain multiple copies of the DNA encoding the protein
of interest and the coding sequence of the fusion polypeptide of the invention
either stably amplified (CHO/dh&) 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, ie., production of the
glycoengineered antibodies of the present invention in production scale cell lines.
Rather than using expression vectors which contain viral origins of replication,
host cells can be transformed with the respective coding nucleic acids controlled

by appropriate expression control elements (e.g., promoter, enhancer, sequences,



| ocal i zati on domain of a heterol ogous Gol gi resident pol ypeptide are
conprised wthin the host cell system sone of them naybe expressed under
the control of a -58- constitutive pronoter, while others are expressed
under the control of a regulated pronoter. 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 will be determ ned using routine experinentation. Expression

| evel s are determ ned by nethods gengrally known in the art, including
Western bl ot analysis using e.g., an antibody specific for the polypeptide
having G1TII| activity or an antlbod specific for apeptide tag fused to

t he pol ypept @escrptianfgrmipators, pelypden omﬁsﬁcs,wter)nanéw(ﬁeleatnblw@r@r -.using a nucl eic

aci d probe smeﬁwpgme%mau&mo{)ﬂa&@wﬁ% Qeraﬂ:ehm)p@ Rifpde having GnTl H

activity or a nuclerc acid probe speC|f|c or a nuc elc aC|d encodi ng a
peptide tag sfarséd lthdaynén mm@qﬂtmmmm a@ewitchedotai selective or neasur enent
of GaTlII enzy® enpl oyed whi ch
bi nds to biosynt E@%.%&tﬁ% eéél %@%%M@tﬁ%@gcgﬁs?ﬁ%&éﬁiﬁl ectin.

Al t er nati vel yhe slecfiomend dlws sa]s@wy oﬂneﬂmwhwhémveestahlﬁmtegmﬁcbﬂsed Fc receptor

bi ndi ng or ef f.ect or func |on |a ed ant bodi.es produced by
the cells enafaﬂ%@s i %elf ﬁm‘fl?lse Aol glb -n(faﬂ}]pbeptl de with
GhTI 11 acti vicloyedaay eRpandetidto clelhlmes furt her alternative, the nucleic acid may

be operatively linked,to.a,reporter he, expr.essipn. |l evel s of the
fusion B@H}lggepti dé Wb?ﬁgs Eﬁ’fg tE}ﬂS‘gPlgb d’é?c% bb‘ﬁmt RSP ng a signal
correl ated vvitlterhetﬁ&esﬁmnme&ssmlymich‘:\ead]nasé(wmerreeqﬂgctekalgwamﬂjme reporter
gene nmay be rans i bed to r.wth the n ncodi ng said

gl ycppr ot ei n- @ﬁ”ﬁ&“ﬂ?’? °r{b|°§’h1§?”§1reéa§% “ﬁﬁ%ﬁ@%ﬁm ‘mol ecul e; their
retspecti y;a cMgEgcﬁemeM%& IIHBbmﬁﬁj)ﬂkﬂdd?h?mosﬂhﬁnMﬂmﬁﬁrml rl(g)_sl_%re -
entry si e r rans ancer e
reporter %fﬁg q?éﬁ&lifl@ﬁb)? E mlheeg:[p ‘g@tr%k ' cl ei ¢ acid

encodi ng a fuﬁmms,ﬁeﬂ»ewegi ide, mﬂm&woﬂtélesﬁ)an&caﬁswb@wﬁ@mm nyl transferase
11 (&GTIll) activit an corrprlsmgth gi | ocal j zati on domain of a

het er ol ogous °EStlgioR d&@n’f"h‘dﬂ)ﬁ‘?"ﬁ%ﬁs’rs@@“s@ Frarete (Wielgeeehol ypept i de
chain is formgg. 4chhesdnuml4ei7a58T{1989)e08RE A 67 Hh6e. WaiQaq el vegpt i de maybe
operatively |linked to the reporter "gene
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 histino] in place of histidine (Hartman & Mulligan,
Proc. Natl. Acad. Sci. US4 85:83047 (1988)); the glutamine synthase system; and
ODC (ornithine decarboxylase) which confers resistance to the ornithine
decarboxylase inhibitor, 2-{difluoromethy!)-DL-ornithine, DFMO (McConlogue,
in: Current Communications in Molecular Biology, Cold Spring Harbor
Laboratory ed. (1987)).




under the control of a single pronoter, such that the nucleic acid encoding
the fusion polypeptide of the invention and the reporter gene are
transcribed into an RNA nolecule which is alternatively spliced into two
separate nmessenger RNA -59- (nmRNA) nol ecul es; one of the resulting nRNAs is
translated into said reporter protein, and the other is translated into
sai d fusion polypeptide. [0154] If several different nucleic acids encoding
a fusion polypeptide having 0(1,4)-Nacetyl glucosam nyltransferase |1
(&GTIHI1) activity and conpri sing the6_§blgi | ocal i zati on domai n of a

het er ol ogous Gol gi resident polypeptide are expressed, they may be arranged
in such way that they are transcribed as one or as several nRNA nol ecul es.

If they are transcribed as g n%I nol t| ve codi ng
sequences may be |inkelr eit: %}h Bﬂf ﬁ%%ml SI te (1 RES) or
by a cap-i ndependent transl f88§1 B avﬁ@ﬁ‘l%ﬁio transcri bed

froma single pronoter int FRNA ol ecul e which is alternatlvely spliced
into several separate nessenger RNA (mRNA) nol ecul es, which then are each
transl at @i59nt o thmbhostmlpmichvmtﬂ'mdmdedinguqhsnnemlvmﬁémcpndmhe i . Expression

Systens [015 which ar kngwn e skilled ijn the art can
be used to %d?}g%‘?ag@ a°8§°p$eé‘§§r%fﬁ‘%é%ﬁyo¢e l(a?f%]ﬁpglbﬂl ﬁgﬁafth%é TBHRY sequence of
Lhe pr O'Itz)(elj_n4;)fpprohﬂie€;{(€)5DNaﬁthmmww ?ﬂﬂuﬁﬁﬂ@ ; OF) %eﬁ_ftﬁn@@op;)l yptept| dg
avi ng acgt vl gl ucos transfera activity an
conpri sing t HY 6‘?‘Xﬁ’]iﬁa$qnf§ﬂ°8¥f’sdé? STSGE 1?1‘@{8‘{15?“88@&% &l gi resident
pol ypepti de ahaﬁﬂe&\bfiﬂﬂee}ﬁﬁ@ﬁ@@bit&éﬁsﬁebmﬂmﬂﬂnéimaﬂﬁds%eupnal cont rol
signals. These T&h ds invitrore i nant DNA t echni ques,

i j;clhude 4)&2
synt heti ¢ t ect eclion o the grngProquat-asRTaRLed BhIyBIRoRseY Pelbibi nati on.  See,
for exarrpl e, Bilegitfeqvitgues described in Maniatis at al., Mlecular Coning

A Labor a Manu | d Spr Har bor ato (.1989) and Ausubel
at al . Eﬂ}ﬁeﬁent P&%@B%F@PWW/&%BF&W&P“%W %%‘ﬁ}é"ﬂﬂ?}ﬁPP hi ng
Associ at es anigtedl /ia thélb&ﬁﬁg?k@;ﬂé‘ﬂée olNhé ﬁ&@@gblype{paaééi the ifaintied Y

of host - expre55|on vector systens maybe util]zed to express_the coding
sequence of tiBErEs E'tt@’rW@PSI?%Y%Wégﬂnb&ﬁGteﬁtﬁ%bEBHﬁnﬁNééE% t he fusion

pol ypepti de Ofybliligatidh 8Si8grobd3d ¥eRprisRiE nuélbdtlifdeaitinyos tHRPIERIAGkoaE! | s are used
as to the respective coding sequences, respectively, or portions or derivatives
thereof.
[0161] In the second approach, the recombinant expression vector/host system

can be identified and selected based upon the presence or absence of certain
"marker" gene functions (e.g., thymidine kinase activity, resistance to antibiotics,
resistance to methotrexate, transformation phenotype, occlusion body formaﬁon
in baculovirus, etc.). For example, if the coding séquence of the protein. of
interest and the coding sequence of the fusion polypeptide of the invention are
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



host cell systens transfected with reconbi nant plasm d DNA or cosm d DNA
expression vectors containing the codi ng sequence of the protein of interest
and the coding sequence of the fusion polypeptide. Mst preferably, CHO
cells, -60- BHK cells, NSO cells, SP2/0 cells, YO nyeloma cells, P3X63 nouse
nyeloma cells, PER cells, PER-C6 cells or hybridoma cells, other manmalian
cells, yeast cells, insect cells, or plant cells are used as host cel
system Sone exanples of expressiongystens 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 Werner et at,

Arzneimttel forschung/ Dxr ug,.Res. .. 48 - 870- 8 I B _Ander sen

andKr unr nen, l?trg&"@'.ngﬁ'%tbgiﬁ%?mgf@W@%’eé‘ég%’g%mit%&eéﬂalaﬁ and Chamow,
Curr. Op. Bi odequdnodl of the pioBifin $Ontér2dQhd theatrdingreediietlel ofthe fuGoir . Op.

Bi ot echnol 12: ,450- 45 2001). In alternate enbodi ment ot h eukaryotic
host cel |l sys’fc’é}f?gpthd&f%ﬁl%‘%"c?ﬁ MIPMWII?"H@“&&GW& ‘%%at%‘vﬁ]g{tf’g t r ansf or ned
Wi th reconbi naRrleic/RRS bf BX hése6dl MLy bakirahal £0alsajediffithybligizandithg sequence of
the protein of jnterest and the codi ng sequence of the fusion polypeptide
of the inventT6hPPssect cell systens infected with reconbinant virus
expressi quieyect or 9n (& Busth RFEcEcRLE éRpresaid loB Y fRGteinRo@RE s¥aheequence of the
protein of interest and the coding sequence of the fusion_ pal ypeptide of the

i nvention; pl BRI iptersstapd fhe cofling sequgnagiof fher BEIGRPBPIRFRYG PAYIEE expr essi on
vectors (e. %(J,4¥Mﬁ%t§igﬁ6@iam@&?&ﬁeﬁ§€_ cnfiaétivirPRAGeApHRssME Virus, TW)

or transforned with reconbinant plasm d expression vectors (e.g., Ti
plasnid) conteihiperizatice deweain 9h2 beteralogets Grieirmidepinobwrpiidsican Rt er est and the
codi gg SequengsGessedfiminffold gicall ,&oﬁ%hﬁﬂe%“ﬂ&eﬂfbl&éﬂﬁaﬂlﬁ%ﬁﬂsgﬁhﬁr ani mal cell
systens infected with reconbinant Vvirus, expression vectors (e.g.,

adenovi rus, VAREIRTUReIreipitation lepEmpginked ipmmopsayscandithe ke d The cont ai n

mul tiple copi @amof her BEAuRBSUH Y elphGsibh Sfshind] hoWbvet, ThedIeatmand the coding
sequence of the fusion polypeptide of the invention ‘either stably anplified
P

(CHO dhfr) ordatasienefitye tivlpgipatlyagtivergenoprpdustsni nut e  chronosones (e.g., nurine

cell lines). [0157] For the nethods of this invention, stable expression is
eneral | referred tq transie e essi ogn because it typi.cally achieves
g y B %r es %‘gﬁ & AIJH bse é? f‘rotelsns%nﬂ Brote%l ragments ﬁgvmg y

nore reproduci bl e u .
tered Glycosylation Patterns

i Generation And Use Of Antibodies Having Increased
Effector Function Including Antibody-Dependent Celluiar

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 [gG1 targeting solid breast tumors, has also been showing
promising results in phase I climical trials. Deo et al., Immunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
respective tumor cells and the antibodies mediate potent tumor destruction by



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

gl ycoengi neered anti bodi es of the present invention inproduction 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 a _ggl ectable marker. Follow ng the

i ntroduction of foreign DNA, engineered cells nay be allowed to grow for
1-2 days in an enriched nedia, and then are switched to a selective nedia.

The sel ect abl e | ) . regl.stance to the
sel ection and 3%&/@4%% ?éoE: [ o%%?’@e@?@#%ﬂ%%ﬁ%%v@gﬁ%% I N Segrat ed the

pl asmi d i nt o withefime tinaoo rrpecdlinitees avathod) rtogget efféabernfirfictions whisefficient t urn can be
cl oned and expanded.into cell .lipes. 381 A .Selection systens
maybe used, Pﬁ%ﬁﬁ? R%’,&Dﬂ)ﬁﬁyﬁ%@l‘l ?@teéﬁﬁg?cer%g%ﬁg%@s’s FEx virus

thyni di ne Ki RAskheimgiier. 10118401 (1886)l Fadsomid 3f thise wépkler mAby,pdjoacit hi ne- guani ne
e SRR et P s oy T
Cel | 22: 817 Gdi@)-He@atas el Sfiot6A6HIADUN bpieBasing thkactivitg@iat - or  aprt-

cells, respectively. Al sp, antjmnet ab%I ite resjstance_can be used as the

basis of selB@Psrgi digplang mphpevies FEs & ¥ (GBrE 38R &38 {19 hot rexat e

(Wagler et atgurfud\ed bt, AGRRunodhdr. 1854-917(19567 ABBEI% 1yfid WdcR gt at, Proc.
Nat. Acad. Sci. USA 78;:1527 (,1981%2; gpt, whi ch confers resistance to
IpopPgding

mycophenol i c aa#ody-tavented (i iwitisgsss RAfeukosytg gecepers to isp 78: 2072

(1981)); neo.coptinElegioR (HePoSmtiklicd! BEFR ol iRmliocy PR 9. YEAT oSG G 418
( Col berre-Garapin e%l at,’J. M. Biol. 150:1 (1981) E; and hygro, which
conf er s 0&8§]st ancd differepdubsamplanentan aenreash kq inggpase acpitylof; (1984) genes.

Recent | y, addhidabs I86R0EADIReHRR e POYGIRCAE R Brotefia™el ¥ L1 DB,

which allows cells to utilize indole in place tryptophan; hisD, which
al | ons cel | s epginggting studiestiave shovm thahFeyRa tnderest with theilapenbingeragioran & Ml | i gan,

and | CDC (or o ERIEC Lol Sl o, 1 e R R M S e ot it hi ne
decar boxy! as&cykbinding gisq reQuired thie Ipresenseref digbsecdbhrides pivialentieattabifedO ( Mc Conl ogue,
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 giycosylation sites. The
oligosaccharides normally found in the Fc region of serum IgG are of complex
bi-antennary type (Wormald ez al., Biochemistry 36:130-38 (1997), with low
level of terminal sialic acid and bisecting N-acetylglucosamine (GlcNAc), and a
variable degree of terminal galactosylation and core fucosylation. Some studies
suggest that the minimal carbohydrate structure required for FeyR binding lies
within the oligosaccharide core. Lund et al,, J. Immunol. 157:4963-69 (1996)



In: Current Comrunications in Mlecular Biology, Cold Spring Harbor
Laboratory ed. (1987)). -62- ii. ldentification O Transfectants O
Transformants. That Express The Protein Having A Modified dycosyl ation
Pattern [01591 The host cells which contain the coding sequence and which
express the biologically active gene products nmay 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 neasured by the exﬁ§éssion of the respective nMRNA
transcripts in the host cell; and (d) detection of the gene product as
measured_by inmunoassay or by its _biological activity. [01601 In the first
appr oach[V168le pr e Jhpmeusss oxsmsiendenved elidinensed pfindusey gndpcedeptinf i nt er est

iﬂzt Egeeiﬁ‘?ie?%%ﬁ%@%‘”@%{ﬂ@%ﬁ%@@%&w&ﬁ*:%#L&L@mt on fnserted

Cdi zat | o | toiFS Sifes. A "

hgn;:oééﬁsloF)ﬁan@mpd. ' " mﬁg o moo iagl ,aoraggrtions or
B0 (HEOREERL URNIRHAE S RIMERGRS n LERPREL! YRbY o

derivatives her eo e second approach, e reconbi nant
expression vezi.tG@bdsﬁﬁdbgys?jmsmzaa%)bhcbntmt,itwasﬂcmﬂgio‘mh&fttm& based upon the

presence or absence of cer n_ . r. ctions (.e.g., thymdine
ki nase acti vity™% %%%'gﬁog'ﬁcfé’ y 'a'é’ﬁ%{&gt@ég,&&% ES & U:E él &ﬁq hot r exat e,
t ransf or mat i dicliAe frotanpeof inatycdfinnn bhidsly osladlycabioldgn 3b&ag18-20vi rus, etc.).
For exanple, | codi sequence of .the .protein qf interest and the
codi ng sequer{i%%?ﬁleﬁ%t CF‘E'g?rbvﬁg ﬁ%\bﬁﬁéﬁﬁﬁhﬁ‘ga #ﬂﬁrﬁléax?’ﬂﬁé'h‘fqrﬁﬁ‘ggﬁ i nserted
W thin a mar ketiviesseC ARBATHCH] aiititollies podiiced in seedardéeliclivies, taat ai ni ng  t he
respective codi sequences, can be identified by the absence of the marker
gene) functicwﬁgég%ﬁﬁﬁkﬁﬁﬁﬁﬁ%ﬂdi?%ﬁﬂﬁﬁ%Pmbene can be placed in tandemwi th the
codi ngI Sﬁﬁesqnces nde%m%]mgmbn@hmme@ﬁmmgmledm 6Iﬁ5rﬂﬁhon]lciﬂ OEDt er Esed to
control the expression of the codi ng sequences. EXxpression the marker in
response to i%ittced dhs (9-%%%’&4'? g?ﬁ ﬁﬁléli‘ﬂaaéf(gy%r’%é@ ghserse 4fife codi ng
sequence of bisecting GlcNAc. Lifely et al., Glycobiology 318:813-22 (1995). In the N-

linked glycosylation pathway, a bisecting GlcNAc is added by the enzyme (1,4)-

N-acetylglucosaminyliransferase Il (GnT II). Schachter, Biochem. Cell Biol.

64:163-81 (1986).

[0170] Previous studies used a single antibody-producing CHO cell line, that was
previously engineered to express, in an extemally-regulated fashion, different

levels of 2 cloned GnT I gene enzyme (Umana, P., ef al., Nature Biotechnol.

17:176-180 (1999)). This approach established for the first time a rigorous

correlation between expression of GnTIII and the ADCC activity of the modified
\ . antibody.

[0171] Further antibodies of the invention having increased Fc receptor binding
affinity and increased effector function include, but are not limited to, anti-human
neuroblastoma monoclonal antibody (chCE7) produced by the methods of the
invention, a chimeric anti-human renal cell carcinoma monoclonal antibody (ch-
(G250) produced by the methods of the invention, 2 humanized anti-HERZ
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-buman



the protein of interest and the codi ng sequence of the fusion pol ypeptide.
[01621 In the third approach, transcriptional activity for the coding region
of the protein of interest and the codi ng sequence of the fusion

pol ypeptide of the invention can be assessed by hybridi zati on assays. For
exanpl e, RNA can be -63- isolated and anal yzed by Northern blot using a
probe honol ogous to the coding sequences of the protein of interest and the
codi ng sequence of the fusion polyp &glde of the invention or particular
portions thereof. Alternatively, tota nucl eic acids of the host cell may
be extracted and assayed for hybridization to such probes. [0163] In the
fourth approach, the expreSS|on of the@Prote n products of, the protein of

interest and elercetaldrmer adbedy{Ad3)amodused by e mstbods sy AEOR AR ng o
O 1, 4) - N acet ulhigRs ARialpkhi LBASLY! AR b té@agdlﬁsk)eﬁftgaﬁ%ﬁogm@nd conpri si ng

the Golgi localization domain ero ogous | ent pol ypeptide
can be ass esmduqedhnﬂﬁ@m@omfw mWOMMNphmebymﬁqmu% i Mmunoassays

such as radi t and the liKke.
The uItlnatea%es% ¥ ’ﬁe sh@@é@@&§ ?$%%5§§%?§§§€%%gg¥§#ﬁ§§€%%mever
i nvol ves the mdattmnian@ntt-hﬁmmaﬂlcdlhggQaadlﬂcmaamnw@amn‘@dp@ﬁm&:ts b.

Generation An e Pr o r Vi Al tered
G ycosyl at i on%it%{me Stemsoﬁ@ggfga‘fnf%(’é%ﬁd m@”%‘ciﬁlbl_{gv Vi ng | ncreased
Ef f ect or Funchﬁbhnﬂnmlmm&ﬁmmgknklHgﬁyhﬁﬂpemdmmkmﬁblﬁMbm&r @»kntoxicity [ 0164]
In preferred nbodlne t resent inv i.on oyi.des g of orns of
ant i bodi es an 513@ %ﬂﬂi\ ﬁ?&lﬂ‘f?&@“ra@ ?ﬁf?lﬁsg&cé‘gq%%e %‘P bi ndi ng
and/ or eff ecu‘hasraﬁwmj Ipﬁﬂlucddijddhd"lgle&ﬂﬂé o die dﬁfpﬂtuﬂerah an@ilhuttaAr
CytOtOXICIty i C rials of ungon ant i bodi es
Tbs) for 1 hEMREPRElTRE B etk pE g PR A JOERRRy 31 el ded

e?SS? “oeo etoale Lol o To m“‘ﬁ"‘é'i‘?‘%@“"* ST A eh e, uncon] ugat ed
o0 M oot SR Rl i o GBBbTBISS: o 2
| ynphoma. Di | WefiBome) prepared by the methods of the invention, an anti-human ovarian

carcinoma monoclonal antibody (Theragyn, Antisoma) produced by the methods

of the invention, an anti-human acute myelogenous leukemia carcinoma
:monoclonal antibody (SmartM195, Protein Design Labs, Kanebo) produced by
the methods of the invention, an anti-human malignant 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-Y2Bg8, IDEC Pharmaceuticals) produced by the
methods of the invention, an anti-human solid tumors monoclonal antibody
} (CEA-Cide, lnmunomedics) 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



Cancer Biother. & Radiopharm 12:223-25 (1997), while anot her unconjugated
mAb, a hunmani zed 1gGL targeting solid breast tunors, has al so been show ng
prom sing results in phase Ill clinical trials. Dec et al., Imunol ogy Today
18: 127 (1997). The antigens of these two mAbs are highly expressed in their
respective tunor cells and the antibodi es nedi ate potent tunor destruction
by -64- effector cells in vitro and in vivo. In contrast, nmany ot her
unconjugated mAbs with fine tunor specificities cannot trigger effector
functions of sufficient potency to$& clinically useful. Frost et al.,
Cancer 80:317-33 (1997); Surfus et al., J. Imunother. 19:184-91 (1996).
For sone of these weaker mAbs, adjunct cytokine therapy is currently being
tested. Addi tinomtiof, ao\ahiphimmesbieast, leng, prisatee andipanictvesiyarciependsht cel | ul ar

henoe . R RS R A 17
| mrunot her . kfetAdi4-o8 the H9&fipn, NDGE, anti-hyhircacatet mydogenousdailiepidy - t ar get ed
cells, is triggered.upgn,bjndi f. lL.eukocyte receptors to the constant
Co L L2 B PN e U PR S PRSI0 e Conet
[0166] A ?I 1; ft?é%&hodsb@%he@ﬂ%ﬁ@ﬂemta?ﬁﬁo%ﬂﬂﬁﬁ@_ﬁmi§ f@ix%{chfbﬁl’r@ﬂ?i@%tﬂgcc g_ct It vity of
unconj ugat e s is tQ engineer the Fc region, of the antjbody. Protein
engi neering QQ%EEE@HMWBW%PHWWHM saquixplent te #e Fower hi nge

region ofthege '&%%ﬂ@?&ﬂﬂns_Lund et al., J. Immunol. 15 7:4963-69 (1996).
However, FcyR binding also requires the presence of oligosaccharides

covalently attached at the conserved Asn297 in the CH2 region. Lund et al.,
J. Immunol. 157:4963- 69 (1996); Wight and Mrrison, Trends Biotech.

15: 26-31 (1997), ti t hat ei i hari de .and | tid
boi b0d Tesily vonir pee 1 Q@g& &qﬁ% ﬂ%%?&%@%@‘% ar‘.%’ﬂ%%f”l gPOTYPEPRLEE
| i hari de i i Y, ' OEDt i d
ol i gosaccharide is require 0@1}1 *§§E°€}?erl*f°d§ i de

HoWlle)

n on
conformation. Mdification GFEY ‘?tﬂjgﬁ?ff’ Wan therefore

be explored as a nmeans to increase the affinity of the interaction. [0167]
An | gG ntll@dul e casrdigusseduabdel ithekprdsent inyergmo chiates dess inethod gor-c r egi on, one

on e, hee At ARG oo BB BR GaAES  2
di f ferent ol iaptisaidsh dhis deshiatdddyleagintening the ghycysybtivh patfennofshet Brs. The
region of such antibodies, in particular by engineering the antibody-producing

cells to produce a polypeptide with, e.g., GnTII activity or Gal T activity, or -
ManlI activity, that modifies the oligosaccharides attached to the Fc region of

such antibodies. This strategy can be applied to increase Fc-mediated cellular
cytotoxicity against undesirable cells mediated by any molecuie 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. Fe-
containing molecules to which the presently disclosed methods can be applied

include, but are not limited to, (a) soluble fusion proteins made of a targeting

protein domain fused to the N-terminus of an Fe-region (Chamov and Ashkenazi,

Trends Biotech. 14: 52 (1996) and (b) plasma membrane-anchored fusion

proteins made of a type Il transmembrane domain that localizes to the plasma
membrane fused to the N-terminus of an Fc region (Stabila, P.F., Nature Biotech.

16: 1357 (1998)).



ol i gosaccharides normally found in the Fc region of serumIgG are of conpl ex
bi -antennary type (Wrnald et al., Biochem stry 36:130-38 (1997), with | ow

| evel of terminal sialic acid and bisecting Nacetyl gl ucosam ne (G cNAc),
and a variable degree of term nal gal actosylation and core fucosyl ati on.
Some studies suggest that the m nimal carbohydrate structure required for
FcyR binding lies wthin the oligosaccharide core. Lund et at, J. |munol.
157: 4963- 69 (1996) -65- [0168] The npuse- or hanster-derived cell |ines used
in industry and academ a for producti’®n of unconjugated therapeutic nmAbs
normal |y attach the required oligosaccharide determ nants to Fc sites. 19gGs
expressed in these cell lines |ack, however, the bisecting AcNAc found in

| ow anoulid3l n s edwfhelgessof sofubls §sien proeins ()dhe tagasting defpain dgeds 3- 22 (1995) .
I'n contrast, g thERERA broteRPR fhye i Rils Sich hAL E@f‘?:élﬁnﬁz 2% afuced,

humani zed IgGl (CAMPATH 1H) carried a bisecting In some of its
gl ycof or ms. Lanhlogypns efashign to Gegﬁvgmccﬂnbmdl@wTMM@hO@l@%?SWﬂShe r at

I'l-d d tivit
Col ooy Y50 AR PO T i B Bk P R OB 2t Vit as
significantl ycytodmmacamw mmdgatedMMmabmmgvou{dlhﬁeﬂoreﬁwd@WﬁoTH antigen is

normal |y presegnt n cells, and this chineric mAb
has hi gh Al aCteIVI%}])P%I hot scear?(k:%%% a bisecting GLcNAc. Lifely et at,

G ycobi olftagy] 318: &i&e&ﬁse(di&ﬂ@braﬂmtﬂmdl\ﬁmbn ploethsgbythe sydeairabdn pat hway, a
bi secting Glc

t he
N-acetyl gl ucosN@C s ]i%aﬁﬁ%vfegé/??émf Fg eﬂ“’ﬁ‘\ng@ fgs&?%ﬂ% Th’él Fthem cel |
Biol. 64: 16%&1&1&%&)’&1&[&@3&@ th&ewydppresctes, ud| Bpirarsedting the ol &

anti body- pr odum ew sl ineered to
exprg in aff*% %_}‘O § E&Ei"%‘{‘%g}‘“?é‘?\ﬁg&ﬁpr F’f‘]"gﬂlgﬁmmﬁ V&Ps of a cloned
(GnT | H geﬂe mmg@ﬁr’f&nmdeglﬁ‘ablﬁ ezns?bx; bﬁ\lﬁﬁpl?rﬁatﬁndhe]ﬁd‘lm of cklls 176- 180
1999)). This a ach. es | she the firs or ous
correl ation %&ﬁy E‘?@F"o"r‘f {ffs‘é‘fl P PIOiRR ‘?’h'é‘ B@"&ch“\%’f’& of the
nodi fi edOI Entdell@d%uld[ @&ﬂﬁildy Burﬂnbfﬁ?tearmlﬁms%@slugﬁe tah@éyrﬂmff béul Pavu ng
i ncreased Fe yeceptor In i.nit increased e unction
i ncl ude, but é?"épﬁiﬁtedl I}}i‘eé‘ﬂ’?q Hﬁer‘é\ﬂ’ﬂ’c ?\t&’ﬁ destroye YanFC'me‘ﬁate‘{
cellular cytotoxicity mechanism. However should the capsule device fail and the

escaping cells become undesirable, then they can be eliminated by Fe-mediated

cellular cytotoxicity. Stabila et al., Nature Biotech. 16: 1357 (1998). In this case,

the presently disclosed method would be applied either by incorporating into the

gene therapy vector an additional gene expression cassette directing adequate or

maximal expression levels of the fusion polypeptide of the invention or by

engineering the cells to be implanted to express adequate or maximal levels of the
) fuston polypeptide of the invention.

Therapeutic Applications of Antibodies, Antibody Fragments, and Fusion
Polypeptides Produced According to the Methods of the Invention.

[0175] The antibodies (i.e., the antibodies, antibody fragments, and fusion
proteins comprising a region equivalent to the Fc region of an immunoglobulin}
of the present invention can be used alone to target and kill tumor cells in vivo.
The antibodies can also be used in conjunction with an appropriate therapeutic
agent to treat human carcinoma. For example, the antibodies can be used in
combination with standard or conventjonal treatment methods such as

chemotherapy, radiation therapy or can be conjugated or linked to a therapeutic



neur obl ast oma nonocl onal anti body (chCE7) produced by the nethods of the
invention, a chineric anti-human renal cell carcinoma nonocl onal anti body
(ch- &50) produced by the nethods of the invention, a humani zed anti - HER2
nonocl onal antibody (e.g., Trastuzuniab (HERCEPTIN)) produced by the

met hods of the invention, a chineric anti-human colon, |ung, and breast
carci noma nonocl onal anti body (I NG 1) produced by the nethods of the

i nvention, a humani zed anti-human 17-1A antigen nonocl onal anti body
(3622W4) produced by the nethods of-6¥he invention, a humani zed anti - hunan
-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 osi de dmpautenid, asyvel peto psmipbakinedr atureoriiphildiory Bawthdetordor hi ner i c

anti - human S%ﬁ%?ﬁﬂh&@%ﬁ{»&ﬁ%%é&?%{@@%{hg@ﬁkln@tfl{n' body (SF-25) produced by

t he nmet hods o Ion,-an anti - huma cell lung carcinoma
nonocl onHI17ént i bodpckhigE&lor cohjughtingeudytistrapretic antatk akipadips greoduced by the

net hods of the |n entio n kin's.|vopho nonocl onal
ant i body (Beg%' 5 “puﬁ%ﬂﬁﬁﬁ %%nV#%Pnaﬂ%Pﬁggég?#%gﬁ§¥¥ﬂggcﬂ?yn1
(Tech[\! clhone Dv&gsphaCmiEéteTmp@grt Im).ll){mptlaﬁhjcﬁdbd&ﬁestdmd (Erenthoﬂmlmpjz It he ![ n\éegtl on,
an anti-human, . anmo e ar | pnocl.onal anti body
(C225, | nCl o[}%ﬂs & gpnge’)dsgrp@pg%agé g@anc ﬂeflﬁ%ﬁ% ggﬁtﬁgﬁ%ﬁ] R Ri8hti on, an
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edr ecol oma Cent oc d ax eparec th ods of the
i nventi on, cﬁ’?‘ﬂsfm‘l”fﬁ ﬁﬁéﬁyﬁgwﬁg%wa%ﬁ@%%&ﬁ dy (Theragyn,
Ant: soma) pr Owﬁl adoby:ytohﬁudmgémdm C@Eer:ﬂh&ap;ﬁ\éﬁk&gﬁ?ﬂ' iraﬂoﬁcmdnggungn acute
nyel ogenous noc, ant ] bg rt , Protein
Desi gn Labs, &ﬁ‘ﬁ@‘%’) %%6‘3 @’ggﬂggﬁﬁﬁ@'ﬂ%ﬁg‘ﬁ‘& e’%/ﬂe 'PBn, an
ggm) - hgmnAWfAmseﬂmamgaghmlrI&o@am 'fjlfh&l’rgpﬁrﬁﬂohb MdEW@kdﬁ@c?Iﬁmnl cl on;e

ri dge An echnol,ogy) , produced by o) e invention, an
anti-human B %’@%leh BryREAS", Rl ﬁ@ﬂi@g%ﬂe?% nt i body (I DEC Y2138,
DEC Phar paggut | Ca'ﬁtkmﬁﬁ%“ﬁ%c@éﬁgln@&ed ﬁﬁb&@@&:&fcoﬁﬂl&itbﬁl‘gﬁ-ﬁﬁdrg}n an

anti-human solid tunors nonocl onal anti body Ci.de, | nmunonedi cs)

produced by tA&2RE: heFTadpisetppe SipRASTH3 G, W%W’HhﬂlomedatmGMW
site, results in a killing of several cell diameters [see, e.g., Order, "Analysis,

Results, and Future Prospective of The Therapeutic Use of Radiolabeled
Antibody in Cancer Therapy”, in Monoclonal Antibodies For Cancer Detection
And Therapy, Baldwin ef 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 T.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
anttbody-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 49:578%-5792
(1989); and Senter, "Activation of Prodruags by Antibody-Enzyme Conjugates: A
New Approach to Cancer Therapy," FASEB J. 4:188-193 (1990)].



human col orectal carcinoma nonocl onal antibody (1odine 131- W\ 14,

| mmunonedi cs) produced by the nethods ofthe invention, an anti-human ovary,
ki dney, breast, and prostate carci noma nonocl onal antibody (MDX-210,

Medar ex, Novartis) produced by the nethods of the invention, an anti-human
col orectal and pancreas carci noma nonocl onal antibody (TTMA, Pharnmacie &

Upj ohn) produced by the nethods of the invention, an anti-human TAG 72
expressi ng carci noma nonocl onal antipbody (MDX-220, Medarex) produced by the
met hods of the invention, an anti-haffan EGFr - expr essi ng carci noma

nonocl onal anti body (MDX-447) produced by the nethods of the invention,
Ant i - VEGE nonocl onal antibody (Genentech)_ produced by the nmethods of the

-67- i nU@Blon, aftithaofbentirapevle Bider the anigodipy f shednwenBepfuyayRsr eas car ci nona
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an u nye

the nethods of the invention, an anti-human acute ogenous | eukem a
nmonocl onal amutibodyioxindonineste taiemoys tinpoxpellChen thyhowe maremofiesayerpr oduced by
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ant i body 1 r SgienieALEIRb florbitae Shith Bl ol e G OB o1 7
equi val ent t givobgtrBgtmentegihdie apibadpandthahabaw infised back in@ghepatititon And Use O

Fusi on Prot ei rising A, Redion ui val.ent, To. An ,F ilon O An
| mmunogl obul i[srr%g’f%{ﬁ‘prs % n%%éplg%qe |°gtpgg%¢so %x|c’%°|°l°§;l‘!‘;k [‘%@%ﬁg,&s di scussed
above, the piadenimmumedn8@pel-88(188®E to a nmethod for increasing the Fc

receptor.hiqading affinity and/.or .fgﬁhector f.unction of .therapeutic

ant i bodilgﬂoTThi S fl 5%?%\'/‘1” 'eﬂf/mélﬁ ﬁsegp?ﬂ%}n?uﬁgmawgo&r@ﬁ%{ﬁgeﬁ pattern of the
Fc regi on oOtecsmbinagntonbedisest theninpautiba Gohtainingythe ngedifiatyi ofgtiehe

ant i body- producing. .cells.to oduce .a_pol ptide with, e.qg., GITIII

Bt ity or e bingfnd, epioh o e e “mBRacRED meRey i et 1Y ¢ o

ol i gosacchar igepedtichite Fotledamplenthe Bidgle@Biin indhinoteiisdvfale intmadoes. Thi s
strategy can be aﬁgeldi eﬁ_ a&g increase Fc-nmediated cellular cytotoxicity

agai nst  unde® BB PR P4 IR FBE™BY WIS nol ecul e carrying aregion that is
an equi viel&mt to Sipelafly, afegin@rotéh caiprisitguriodt thbatltigan-bindihg Rgloy by _

ther apeut i e apL | BakdsSrme hcioh ek (RIS o b S Sbvblorkdiorgnd! neer i g of

second protein having anti-tumor activity, .g., a lymphokine or oncostatin can be

used to treat human carcinoma in vivo. Furthermore, recombinant techniques
known in the art can be used to construct bispecific antibodies wherein one of the
binding specificities of the antibody is directed to a tumor-associated antigen,
while the other binding specificity of the antibody is that of a molecule other than
said tumor-associated antigen.

[0182] The present invention provides a method for selectively killing tumor

| cells expressing an antigen that specifically binds to the monoclonal antibody of
the present invention or fimctional equivalent. This method comprises reacting
the glycoengineered antibodies of the present invention or immunoconjugates
(e.g. the immunotoxin) comprising same with said tumor cells. These tumor cells
may be from a human carcinoma.

[0183] Additionally, this invention provides a method of treating carcinomas (for
example human carcinomas) in vivo. This method comprises administering to a
subject a pharmaceutically effective amount of a composition containing at least
one of the glycoengineered antibodies of the invention or an immunoconjugates

(e.g. the irumunotoxin) comprising same.

1



gl ycosyl ation affect only the Fe region and therefore its interactions with
the Fc receptors on the surface of effector cells involved in the ADCC
mechani sm Fc- containing nolecules to which the presently disclosed net hods
can be applied include, but are not limted to, (a) soluble fusion proteins
made of a targeting protein domain fused to the N-term nus of an Fc-region
(Chanov and Ashkenazi, Trends Biotech. 14: 52 (1996) and (b) plasm
menbr ane- anchored fusion proteins nade of a type Il transnmenbrane domain
that | ocalizes to the plasma nenbrasté-fused to the N-term nus of an Fc
region (Stabila, P.F., Nature Biotech. 16: 1357 (1998)). -68- [0173] In the
case of soluble fusion proteins (a) the targeting donmain directs binding of
the fusi gousar ot ei 1My b Gurthietipidtahd Bvetibh & dirdetbd RUNGRAPRSEd Bethddor i . €., in an

anal ogous fashign to therapeufic antjbodjes. The application of presently
di scl osed met 308 8n é‘ﬁﬁ&?‘%‘g‘etqﬁaﬁﬁf o IDF Rty PTOWIPEBHE’I RAtiO8e % c - nedi at ed

cel lular  cyt gheusiiodas!t bsed Yon MBYbnt @flichyn t HB5RisE! BeihREHMPUAd therefore be
identical to the nmethod applied to therapeutic antibodies. [0174] In the
case of menbrkeapratealy etertive snomt phiomanelasically agtive aghihedgforadiman cells in the

body have to gxnress i8¢ @eRsr etﬂg tipRSetabt® £ érﬁﬂlgg'é%&lis%?% his can be

achi eved either” by gene therapy oaches, 1. transfecting the cells

in  vivo wit hiherapsutienWy effestiveamaunt ofer amsibodsthavinginprewsed ABCEpeeparedn of t he
fusi on proteign- i | I ' antation in
t he body of cﬁelﬁf‘%%g%r@tﬁfg%?%agr?g@g%z%ﬂeﬁgt%agﬁgélgegs?&%’ﬁgﬁﬁ?%’?%n protein on
t heir surf aceantiPety iscameanti-Ciald antibody. d Exempled pf) aeimimype aligeands on t he body

i nside a poly E?&?'IB ﬁTﬁﬂ&ﬁl ethnisik! .1.hey cannot be
destroyed by ‘gg& ¢ rrélgleg?lg _ cepﬁﬁ{eg%’ cyt o%k%%?%gﬁﬁ?gﬁs However shoul d
the ¢apsul e dewhee afui¢ idienathic tuombmsptapintegpurpirks ayb clypeic adiogatiie abl e, t hen

t hey can be L1 S% Ry - nedi du ot lCl Stabil a et
al., Nature g%%@ﬁ}t : E%ﬁlgg%%%qyﬁﬁ%l%ﬂ gﬁi(’:ase,é) c’? gg’p? sent | y di scl osed
met hod woul d iphiipihewgetisiftvies polyglaidnlosypdromes, HepochSchoplei putpgrae t her apy

vector an addjt] | aﬁﬁgt | JeCt te or rmaximal
expr essi on Ieé‘%ﬁ'%c%ﬁg%fﬁ%ﬁ (%’ﬁe%%%ﬁ%{)}ﬁlép [ éi‘%fa%{llg%eﬁ@g’n |o§’y%r by

engi neeri ng t diseasee lehshenm eltifomeaptlpotetits endusa samksldeige apendglitispaxi mal | evel s
of the

Goodpasture's syndrome, thromboangitis ubiterans, primary biliary cirthosis,
Hashimoto's  thyroiditis, thyrotoxicosis, chromic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pamphigus vulgaris, Wegener's
granulomatosis, membranous nephropathy, amyotrophic lateral sclerosis, tabes
dorsalis, polymyaglia, pemicious anemia, rapidly progressive glomerulonephritis
" and fibrosing alveolitis, inflammatory responses such as inflammatory skin
diseases including psoriasis and demmatitis {e.g. atopic dermatitis); systemic
) scleroderma and sclerosis; responses associated with inflammatory bowel disease
(such as Croln's disease and ulcerative colitis); respiratory distress syndrome
(including adult respiratory distress syndrome; ARDS); dermatitis; meningitis;
encephalitis; wveitis; colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration of T cells and
chronic inflammatory responses; atherosclerosis; leukocyte adhesion deficiency;
rheumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus (e.g.
Type 1 diabetes mellitus or insulin dependent diabetes mellitus); multiple
sclerosis; Reynaud's syndrome; autoimmune thyroiditis;  allergic
encephalomyelitis; Sjorgen’s syndrome; juvenile onset diabetes; and immune

responses associated with acute and delayed hypersensitivity mediated by



} fusion polypeptide of the invention. Therapeutic Applications of

Ant i bodi es, Antibody Fragnents, and Fusion Polypeptides Produced According
to the Methods of the Invention. [0175] The antibodies (i.e., the

anti bodi es, anti body fragnents, and fusion proteins conprising a region
equi valent to the Fe region of an i munogl obulin) of the present invention
can be used alone to target and kill tunor cells in vivo. The antibodies
can al so be used in conjunction with an appropriate therapeutic agent to
treat human carcinoma. For exanple, tRe antibodies can be used in

conmbi nation wth standard or conventional treatnent nethods such as

chenot herapy, radi ation therapy or can be conjugated or linked to a

t her apeuti c - @@okidesugnd Triymiphorytes fypicaidy lfound inoubertuwlosish skicoidosts, a

t unor - i nhi bi t [ f . fon dvery. t h i Cc agent to
the site of tﬁéﬁ% ?Sé%r%lg‘?g&ﬁ%%%]agq'e%%ﬁ%sﬂé}s ngrusc%%%aggf{‘@sg’géuch

t her apeut i ¢ adiedss); digeases invbivitigésikaave: dispkdesisjcanvabingrsas systeng(CNSAnon et al .,
"Monocl onal Antj bodi es .for. | target.ing of . Drugs i.n.Cancer Therapy", in
Mbnocl onal  AntTBBTESEY diden MubPls Rl i) Rty qempliy g ) oo
24|3-56 (Al an Ifinclhdjﬁgl,blut g@t. H:%ﬂ:;cr#@db&iemta{jmﬁgoﬁhbs,posigiﬁﬂfah@ﬁdj; esI FOE g)ru)g
Delivery", in Controlled Dru lyer 2nd. Ed. )., Robinson et al. (eds.),
b, | 69353 ( VDB RS TE bl e e AR ARG oea  or 5 (1

Cyt ot oxi ¢ AgeBhsmbit foafeie disekePantiphshievb@yndiomeVall@gic Qiratitis; Ant i bodi es

'84: Biologic And.Clinjcal lications, ‘Pjnchera et al. (eds.), pp.
475-506 (1985 ,a"ﬁgdiw?ﬁ‘ﬁf tjﬂnaléeﬂ't“ on myasthenip,s ?lﬁ?’iﬁfﬁlpﬁlﬁaﬁdﬁng Soxi ¢ Properties
O Anti body- penptige0 Rinto@ines" poljdidbiibpatiRay Reited: dikOmEBst(fiB8r)]. [0177]

Al ternatively, | ycoengj.neered anti body can be caoupl ed .t o_hji gh-energy

radi ation, e. yn%m%ﬂ%’ﬁal?ca'ig W%E‘a%%ﬁ aﬁ?‘t’)é;lWF,"c’WF’Eﬂ?P 3#84 ocal i zed at

the tunor si Tn%:hrd’p@ﬁtb‘;'lkﬁpr&nﬁJaﬁés;ﬂﬁnﬂﬁeMb@kop@ﬁ&#m&%@ﬂﬂ’)%ﬁ s [see, e.g.,
an

Order, "Analysis, Results, .Future Prospective o e Therapeutic Use of

Radi ol abel ed” *WAHEgrombackapeia e, &p Bisgepectofthrivention,ths antibodies o di es For

Cancer Det eCt iofihe ind8iftiof B@uaebto diakiEite BIoBd offormA1Blsenls for @R extdt3a 16 ( Acadeni c
Press 1985)). According to yet "anot her enbodi nent, the anti bodies of the

i nvention can Pgépd. conjugated to a second anti body to form an anti body
het er oconpygspt € f Oy sb&Rdance with the practice of this invention, the subject may be a

human, equine, porcine, bovine, murine, canine, feline, and avian subjects. Other

warm blooded animals are also included in this invention.

[0186] The present invention also provides a method for treating a subject
suffering from a cancer. The subject may be a human, dog, cat, mouse, rat, rabbit,
horse, goat, sheep, cow, chicken. The cancer may be identified as a breast,
bladder, retinoblastoma, papillary cystadenocarcinoma of the ovary, Wilm's

) tumor, or small cell lung carcinoma and is generally characterized as a group of
cells having tumor associated antigens on the cell surface. This method comprises
administering to the subject a cancer killing amount of a tumor targeted antibody
joined to a cytotoxic agent. Generally, the joining of the tumor targeted antibody
with the cytotoxic agent is made under conditions which permit the antibody so
joined to bind its target on the cell surface. By binding its target, the tumeor
targeted antibody acts directly or indirectly fo 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
turmnor cells which comprises contacting the mammalian tumor cells with a

sufficient concentration of the glycoengineered antibodies of the invention or an



treatment of tunor cells as described by Segal in U S Pat. No. 4,676, 980.
[0178] Still other therapeutic applications for the antibodies of the
invention include conjugation or |inkage, e.g., by reconbi nant DNA

techni ques, to an enzyne capable of converting a prodrug into a cytotoxic
drug and the use of that antibody-enzynme conjugate in conbination with the
prodrug to convert the prodrug to a cytotoxic agent at the tunor site [see,
e.g., Senter et al., "Anti-Tunor Effects of Antibody-al kaline Phosphatase",
Proc. Natl. Acad. Sci. USA 85:4842- (1988); "Enhancenent ofthe in vitro
and in vivo AntitunorActivites of Phosphorylated Mtocycin C and Etoposide
Derivatives by Monocl onal Antibody-Al kal i ne Phosphat ase Conj ugates"”, Cancer
Resear ch 49: 3mgygnesonipgal compuising, §messa s, to inhghit prolifesgtions ofpiigdr ugs by

Ant i body- Enz ym, (804 Haat 68ic. A New Approach to Cancer Therapy," FASEB J.
4:188-193 (199(3)]. -70- [0179] Still another therapeutic use for the

ant i bodi 9588 t heThepubinetimieniionfotheeprovides methqds for inhibitingdhagrestbnce of

conpl ement or, i -qr ug.- i -Loxi.n.conjugate, to
remove tunor oggﬁﬁ?@qﬁlgﬁﬂlﬁe& egléﬁr?eaq%g?rr]g\?vgg?%aaﬁgg%&gg)rblr%fg%és@emcor ding to

t hi s appr oac typediseast mgoulyedi Srhesamathodacompyisbeinpuistgrng tethe supjestanby t r eat ment
with the anti ) | into the patient [see, e.g.,
Ransay et al .eﬁ&q%%%g Pf%%{;ﬁﬁo‘g@%ﬂﬁ%%@?ﬁg%‘éﬁocl onal Antibodies", J. din.
| mmunol . [018]2) : 81k88 aiR88) |therdfork8at Fbe tpnsentpinggntiohi enepmpassest | bodi es,
reconbi nant i [ -0t h . I g ' t t t he i nvention
cont ai ni ng tﬁg@%%%ﬁﬁgﬁ?é&g}&%’héﬁb% °ﬁ‘8ér1§@ %?ﬁ‘&fl%g"qﬁ%éﬁﬂ%nﬁg%&t he desired
nonocl onal articinowys. Henexdeple dednventiva rendespharalatepticlFampesiaemp ke, t he

singl e-chain | otoxins. of- .t he invention be. used ft. reat human

car c# noma | nuelérvrﬁub&e(tgefgﬂ%t §fr#lf"ar |°§‘Fﬁ’8m?‘8§?%%“%§*rygo% gjlh%m of 5%11§i ng at | east

t he anti gen- leffietivegmewedofun antifods of therpredzatiyvantion dnd aipharematduticallyoi ned t o at

| east a functign{a{)w acljti ve portion of a second protein having anti-tunor
activity, e.gaf’,epa 1lay"r"rr{)lﬁ()ki ne or oncostatin can be wused to treat human

car ci non@1%0) vi voThdasmniphsitions ey contaniib amibndy drentibodyg|fismuents/eiikes i n t he art can
be used to constr.uct bi.specjfic_.antibodi es wherein one of the binding
Specifici t1 oSBgpiEh SHEBIEL £ PR A (i bR SeEe e ant i gon,

second antibody) or in a recombinant form (e.g., chimeric antibodies, fragments

of chimeric antibodies, bispecific antibodies). The compositions may additionally f
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
inclnding, but not limited to, intravenous, intraperitoneal, oral, intralymphatic or

) administration directly into the tumor. Intravenous administration is preferred.

[0192] The compositions of the invention may be in a variety of dosage forms

which include, but are not limited to, liquid solutions or suspension, tablets, pills,

' powders, suppostiories, 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
ﬁharmaceuticaliy 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.



while the other binding specificity of the antibody is that of a nol ecule
other than said tunor-associated antigen. [0182] The present invention
provi des a nethod for selectively killing tunor cells expressing an antigen
that specifically binds to the nonoclonal antibody of the present invention
or functional equivalent. This nethod conprises reacting the

gl ycoengi neered anti bodi es of the present invention or immunoconjugates
(e.g. the imunotoxin) conprising sane with said tunor cells. These tunor
cells may be froma human carcinonaq4[0183] Additionally, this invention
provides amethod of treating carcinomas (for exanple human carcinomas) in
vivo. This nethod conprises adnlnlsterln to a subject a pharmaceutically
ef f ecti vé0i@dbunt dJhe masteifsslvameis tiog apd dpsage regimsRdorghe t he

gl ycoengi neer gal aitib0dH 63 ﬂmﬁ&?dép@ﬁ’d@q.\?:bﬁﬂ)eosrevéﬂy LAATHARGQN Hgat es  (e. g.

t he i munot oxi n) nprising sane. - I further aspect, the
invention is @rsqamtbe@at@t'ageaﬂthpnd)mmm Wﬁmﬁraﬂ@ thegudgmeenief theit oi nmrune

di sease prod e podi es based on
B-cel | deple??on %gh %%iﬁg&)gﬁpﬁﬁé%ég #@@%@?gﬁgﬁg%gﬁﬁ@§ gffectrve
amount of i miifratédoty da‘:l inﬂlvarlnal \petmhtdelyelﬁsa an leffeciive doabjofdbein need

t hereof, the LAYSTR 2 X! b ically
effective arm‘%ro%ogi#{ an?g]ﬁs? xﬁ’%@%&zﬁhﬁeng |1[r¥(1:$ egéﬁg@qﬁ%&gt%ﬁeggrs% in
accordance mnmgkghe met hods of the invention. In a preferred enbodi nent, the
ant | body ghidsfn anth R0 A0 UGN nlRRIRL 68 0L BHLOLFTUDE, Algpases or
disorder Iude are no ed , I mune- SUr at

t hr onbocyt opewh:a]s;nclusle;d:lutasnatlm:ﬂed tdjﬁxpﬁﬁtuhm@homubpm;abmpahlem pur purea and
chronic idiop hpr hrongh% fopenic pur rmat onyosi.t.i s, Sydenham s
chor éa, Iupus Hebh é %F'eve ng ?aﬁ'durfnar VBSIn%fr‘omas

Henoch- Schonl lmorsomcsrqmmcctabﬂﬁmhﬁmibﬂﬁphmmcmpmﬁmah furmds;qenﬁngabrhe ma nodosu m
Takayasu' s ar e£n| E Addl and%o%easme1 Ear&%rra mul tiforme, polyarteritis
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t hyr ot oxi cosi chro actl ve t| t i tonyositis,
pol ychondri t i @ble%%ﬁﬁﬁﬁagges%rnggﬁo J&&R%‘HQE LotAR6R 3 be Rinio? BOTRE

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, ¢.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 mvention
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 aliquid,

generally lowering it.



granul omat osi s, nmenbranous nephropathy, anyotrophic |ateral sclerosis, tabes
dorsalis, polynyaglia, pernicious anem a, rapidlyprogressive
gl onerul onephritis and fibrosing alveolitis, inflamatory responses such as
i nflammatory skin diseases including psoriasis and dermatitis (e.g. atopic
dermatitis); systemc scleroderma and sclerosis; responses associated with
i nfl ammat or ybowel di sease (such as Crohn's disease and ul cerative colitis);
respiratory distress syndrome (i ncl ?f]l ng adult respiratory distress
syndrone; ARDS); dermatitis; nmeningitils; encephalitis; uveitis; colitis;
gl omerul onephritis; allergic conditions such as eczema and asthma and ot her
conditio i.nvolving infiltration of T cells and chronic {nflammtory
respo_ns_e@’,amht her o_i‘bP’éer ne Pﬁm%owp@% %Weﬂ_e‘fli%[’%ﬁc%ﬂmou}"heunat oi d
arthritis; syielefight Bxhipies 6f Méh@nniastentd Pefalic, tht aReARInmRUItbt Us (e.g. Type
1 diabetes nel|itus or 1nsulin dependent diabetes nellitus); nultiple
sclerosis; Rphabe &3 dalsedwowmasolwat S0t Ay (esluxprilsylenssertiiay ¢ .
encephal 0W9|m6nb§1éat§. BRI GAY Britsy 6K R BBple THYRWRE 3100 SRITHHPREDES; and i mmune
responses assocli ated with acute and del ayed hypersensitivity medi ated by
-72- cytRfMes anditymptivelhthe detergent pgy bean ignip deteraent dnepaple of @si s,
sar coi dosi S, ioROANIVRFinkuSes. Bl Hglﬁmtfﬁggbs' Ig.Ege Unbdod StomfAgr Ni Ci ous aneni a
(Addi son' s é?sease%_;_ ’(lijl se_fg’sesglanvo Vi ng’;hj?séq ocgt‘e_ di ape ensﬂlgs; central
nervous ¥¢83lem ( CAgyitionally] in aspardanop withdriaeentionyiedipidicarriermatrbeianj ury syndr onre;
henol yti c angi (xR Isyﬂ;ﬂ' : t ., i ' [ i a or Coonbs
positive aneﬁ‘lgg%;me' yryglst _e% ra%@faa%ﬁssg]gﬁ-fg%ﬁ%g}%g#p ex nedi at ed
di seases; antviesiglp wish gprizins 4y swoiashies ofithdinvensior pueembinatiensthepdeds phol i pi d
synd{ onmejgagdyl er gi g&gﬁui ke o indl : > Pz nyast heni c
syndi orre! 2gé'«grrphi ggPd upfe%uesl?w enp ?gﬂgﬁ%g%q%?rhram&%g T%SF%%&CH nopat hi es;
Reiter's di sasparationsiapfl enamplessyengivante enddddibete stillod istbe agjitamprecel | arteritis;
i mmune conpl Lt S, : - it hies; i mune
t hr onbocyt Op%a@?%e%&drngaﬁ@%ac%@%ﬁ%ﬁt@v%ﬂﬁgﬂlﬁ%ﬁ%g{ﬁ%g%ni aetc. Inthis
aspect of t héwvaxaris nohlimitddan aerpe by diceskemplifiedramtiodiments] whickae used to
depl ete the . G | [0185] In
accordance Vﬂﬁﬁﬁ)@ﬁgﬁ Bjrhgc |lése§:)5ﬁétléhi%§&?{f\’/€tﬁ? %%&BQ ﬁoglyégﬁ%g c’dr?ay be a

which are functionally equivalent are within the scope of the invention. Indeed,

various modifications of the invention in addition to those described herein will

become apparent to those skilled in the art from the foregoing description and
accompanying drawings. Such modifications are intended to falt within the scope

of the appended claims.
EXAMPLES
) .
EXAMPLE 1
Materials and Methods
1. Construction of antibody expression vectors.

Anti-CD20 antibody expression vector pETR1502

[0204] The C2B8 anti-CD20 antibody expression vector, pPETR1502, consists of
four independent, separate expression cassettes (one for the C2B8 antibody light



human, equi ne, porcine, bovine, nurine, canine, feline, and avian subjects.
O her wane bl ooded animals are also included in this invention. [0186] The
present invention also provides a nethod for treating a subject suffering
froma cancer. The subject maybe a hunman, dog, cat, nouse, rat, rabbit,
horse, goat, sheep, cow, chicken. The cancer may be identified as a breast,
bl adder, retinoblastoma, papillary cystadenocarcinoma of the ovary, Wims
tumor, or small cell lung carcinom %gd is generally characterized as a
group of <cells having tunor associ at’€d antigens on the cell surface. This
nmet hod conprises administering to the subject a cancer killing anobunt of a
tunor targeted anti bod oined to a ¢ toxi c agent. Cenerally, the joining
of the tunor thgingeneder tﬁ?\?k%ﬂ@’o% heavit ch?lbtk? REOEYEHTES S AR de under

condi tions whgeﬁpaﬂc%ﬁe for tREmBRd aﬁdgené)ﬁmi SRS dre gl & gblto?tﬁ@rget on the

cell surface. By binding its target e tanor targeted antibody acts
directly or |m@mp@mfﬂgﬂmwlamh&eabdpsmm@mrmﬁ@swmdmnwmnﬂzgh@f the cells

?ﬁthr??n;hteLe prnﬁjfgﬁ’%g&lat on oﬁnﬁme{d%%mwé&%% %\Shgﬁ%ﬂ bﬁh%ogﬁ ngsOf
cont acti ng t hebbitirglabinaand. unor ceIIs wth a sufficient concentration of the
g yeoenaiig o0 20 9RLL RuBl b PSRV by b o B o0, 02
cells. | 01881re§ibﬁs sﬂmeemn-mmmhmbmﬂyf@nﬁshmepmmw fiort hadisof or i nhi biting
E Pga'?lr g\évt 2 p?%‘ief ’lfjpg’afl’%t tﬂﬁgns‘“i“?%% E‘P%’%lr&@gé‘ieg agrﬁ?gﬁq%(rﬁr&%ﬁ%é%gw hod?ngorrpr i se
adm ni st er i ng(Klobayakie, m;&»pﬂcﬂzotammqeésfzeﬁod)-\ﬂm(wm»nt[h@dngﬁﬂheseqmﬁms| tion of the
encompasses. R SARFLRE BBt O e vae o, Folst ZRBed hods. | or
treating hyn&hmnmﬂmQIQﬁﬁms:mﬁhmnﬁx&hmhmnmhﬂernManmlmmnmacIWMBs _
Compr a1 ng o HE0RG chrrahid L k' 2, s dRetset o amaherb Bl of the
present i nvensBiRciiKB(H kaginesBius-CeBEVH andpBRH-T2BR VL phkinide bnd

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 leukocyte

cDNA. library (Quickclone, Clontech) using primers that introduce suitable

restriction sites at the 5’ and 3’ ends (BsiWI and BamHI for the constant light

) chain and Nhel and BamH]I 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 (neomycin resistance gene derived from Tn3 transposon and put under
conirol 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 mserted into the vector pETR1316 to
give the plasmid pETR1328. In a final step, both expression modules (C2B8-light



[ 01901 The conpositions may contain the anti body or antibody fragnents,
either unnodified, conjugated to a therapeutic agent (e.g., drug, toxin,
enzyme or second antibody) or in a reconbinant form(e.g., chineric

anti bodi es, fragnments of chineric antibodies, bispecific antibodies). The
conposi tions may additionally include other antibodies or conjugates for
treating carcinomas (e.g., an antibody cocktail). [01911 The anti body,
anti body conjugate and i munot oxi n ¢ 9positions of the invention can be
adm ni stered usi ng conventi onal nodes’of adm nistration including, but not
limted to, intravenous, intraperitoneal, oral, intralynphatic or

adm ni stratlo dlrectl 0o the tu Intr venpus adm nistration is
preferred. Wé’f?‘f}“’gﬁg ggé)t H@WP&H CYPTIEME o variety of

dosage for ms mmlpmm dpHTRdeg2.but are not limted to, Ii qU| d solutions or
suspension, tablets, pills, powders, suppositories, polyneric mcrocapsul es
or mcrovesicles, liposones, and injectable or infusible solutions. The
preferred formtdeDpehasibodosxpichdonmzder pEIR18201 ni stration and the therapeutic
application. [01931 The conpositions of the invention also preferably

i ncl ude conventional pharmaceutically acceptable carriers and adjuvants
known i n[G2RA8 art pBETRIAS combiness GB8ant- @D@leﬁlbpdyiemremwgmtgmiﬁl al um na,

| eci t hin, buf . ic acid,
pot assi um sor%%ﬁé’?‘@?n%ﬁgéﬂ%gsﬁsogfagpg%? %gﬁt es %ﬁ)lr @kéﬁ%fg%grge sul fat e.
-74- [0194) Th@icaibmtand ifaganane mdémédumgthqmmlﬁmvmmage regi men for

t he coyrposi t'agﬁﬁen%mﬁ‘ﬂ%%gh%ﬁﬂltcﬁ}ﬂ?f ?ﬁg& }Qs?&\{egtgﬁ,gﬁﬁflﬁé}fh and course of

the disease res onse ment and t he
judggent of tCRBE eucp@aiqnngoqutwfmmpﬁ"ﬁm%éwmsmgﬂysaﬂuﬂ)lﬂdmgﬁst of the

conpositions E@O#{P;j g Sinit Ht,&%ﬁ%ﬁg 67h G%Jlﬁ{m%ltlg 91{11]11 Neverthel ess, an

effective dose 03| ons of I'on may in the range of
from about i mmmmmcm@h&gtmm%MdMemymmhwwmm bed herein may

be in a vari et sage . for I but . are not limted to,
i quid sol ut |"5‘§ rcg?igogu %ﬁgli,gn ad?%ﬁ ngmﬁoﬁders suppositories,

pol ynmeric m crocapsul es or m crovesi cl es

Anti-fibronectin antibody expression vector pETR1546

[0209]) This vector is the same as vector pETR1520, except that the variable

heavy and light chain coding regions of the C2B8 anti-CD20 antjibody have been

‘ replaced by the respective coding regions of antibody 119, 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-BGFR antibody (C225) exnres_sion vector pURSI28

[0210} 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 the antibody €225, 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



| i posones, and injectable or infusible solutions. The preferred form depends
upon the node of adm nistration and the therapeutic application. [01961 The
nost effective node of adm nistration and dosage regi nen for the nolecules
of the present invention depends upon the |ocation of the tunor being
treated, the severity and course of the cancer, the subject's health and
response to treatnent and the judgnent of the treating physician.
Accordi ngly, the dosages of the nolegules should be titrated to the

i ndi vi dual subject. [0197] The interrelationship of dosages for animals of
various sizes and species and humans based on ng/kg of surface area is
descri bed by Freirefgh, J.. et a]l. Cancer enot her Rep. 50 (4):

219- 244 (19665"’:9"&81"%]@’&%%?@?‘??‘1{’ ﬁ%q%%g%wém%i’é‘a’i“ 3 RIS AL ¢ o opti ni ze
I:I he I:I u(rjmr gel gp;gbaiﬁlhviﬂldlﬁlﬁt&lﬁhﬁdng@}llﬂfbgﬁdﬂﬂuﬁb&gﬁﬁ@ﬂﬁp@l@ﬂﬁg&gﬁ@dé’l doses nr;alybeI I

i vided and adpjni stered_ on a_dai asi s.or the dose. uced proportionally
dependi ng upoﬂ%ﬂé’a?{“taﬁalf‘?aﬂﬂu f"é.%@.h, a"é’é{}‘i‘l@lt CRARS; "th?‘:tﬂ’&é’gs may be
adm nistered daily or proportionally reduced dependi ng on the specific
t herapeutic situag&on.é%p%%ﬁk ltéﬁﬁﬂi%mbe clear that the dose of the
composi tion of the i nvERPFBigiot 8 BRI ECWP es may be further
reduced with schedule optim zation. [01991 In accordance with the practice
of the inventbd_illgg_emﬂp&m%%be a lipid carrier. The
l'ipid carrier y De a pnospn ) , e lipid carrier may be a
fatty acid. Also, the lipid carrier may be a detergent. As wused herein, a

det er gentppa) any supebRaediohdethe BTBI &plebforstétbAseriigss tmaima |1 quid,
generally lowering it. -75- [0200] In _one exanple of the invention, the
det ergent nmy “BEARPlFEH fromagat @f%@ﬁ‘t libray {clontech) BY PaRh Grieraningbt er gent s

i ncl dde, but @-‘h@c%ﬁ&@ek@v@&%&e@immﬂﬁz{tyl?%s?j@in?oi%ﬁs(oﬁ!c@cﬁn%ﬂﬂ%n@s Tween_80 or

(pol yoxyet hyl enésor bi'tan nonool eate), , and Triton (for exanple Triton
WR- 1339 and Tfamigspcal spguence; BBQKLIS, fonlatey, spryenier deterdiorefsBIL raybe an ionic

detergent. An w%ﬁp‘ln (@0 £ LA lS.not limted
to, alkyltri ml'thy an?rll%%iiﬁ%?dom e.OH tg%%gﬁé&g\gc{i?ﬁégﬁgﬂlgﬂﬁ? e'ﬁ%ccor dance with
t he inventi onyas meerled ghder comtrol of theddPSNepremotepind arsgntheti retdéichetan t hi s

appl i cati on, @obﬁbm&%ahéﬁlﬁ%mﬁgﬁmm expression vector also

contained a separate puromycin resistance cassette for selection, with the

puromycin resistance gene also under the control of the MPSV promoter and
synthetic rabbit beta-globin polyadenylation signal.

pETR1425: Replacement of the first 76 amino acids of GnTIII by the first 102
amino acids of the human GnTL

[0212] The construction of this hybrid glycosyltransferase gene was performed
by subsequent overlapping PCR reactions. In one reaction, the stem region of
buman GnTI was amplified using the primers GAB-179 and GAB-180. During
this PCR reaction a Kozak consensus sequence and an Ascl restriction site were
also introduced at the 5° end. The resulting PCR fragment has a 23 bp overlap
with GnTII starting at position 229, In a second PCR reaction, the GnTTII region
from position 229 to 380 was amplified with the primers GAB-177 and GAB-178
generating a PCR fragment with a unique BstXT 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 resulting fragment was purified and digested with AscI and



vesi cl e which contains any nol ecul es of the invention or conbinations
thereof. [0203] The exanpl es bel ow explain the invention in nore detail.
The foll owi ng preparations and exanpl es are given to enable those skilled in
the art to nore clearly understand and to practice the present invention.
The present invention, however, is not limted in scope by the exenplified
enbodi nents, which are intended as illustrations of single aspects of the

i nvention only, and nethods which a5€ functionally equivalent are within
the scope of the invention. Indeed, ‘Various nodifications of the invention
in addition to those described herein will beconme apparent to those skilled

inthe art fromthe foregai escri.ption and _acconpanyi ng draw ngs. Such
modi fi cati ondigd toimﬁvéﬁtﬂgfgéﬂﬁoghqat%&tw&“@ﬁ@a@& ng)‘Bﬁ?/etpf‘?émgppenqed cl ai ns.
EXAVMPLES  EXAWTRE4AGM, A¥RE @el dbisen@d 6k VB i hasl beelrQ0RAM4E ttheORPEY, ant i body
expression vectors. Anti-CD20 anti body expression vector pETR1502 [ 0204]

The C2B8 ant iPrerser elpmepbuenpaddsdde BEER IR sean Asel (optividissson) / Boelsi sts of  four
i ndependent, g @ﬂt%ﬁ&ﬁﬁéﬂh%ﬁhﬁﬁd%ﬁgﬁﬁ%?‘fhe(%ﬁ?[ﬁ%ﬂh@%&?k@% anti body |ight
one for t oay a

-76- chain, e C2B8 ant i heavy in, one for the neonycin
resistance @QEARLHivdaorrprepsion eptor ¢rraving heghigmalget (Il gee, yestks are under

control of t i LaGRs ]? ,ms%i rus (MPSV) and
contain asyn{}ﬁ)el%cigézgyg%%ég%ga%&ggoi géagg%?iailr?gﬁﬁtsr%sgna %%jglrg ve df romthe

pol yadenyl| at ipBAR$#2pnexntapiing fhe CuTHBA T -fydierb mdey epmrol [06 2BEMPSPNAs encodi ng
the variable | i ). chain regions of the

anti - CD20 anrpl?cﬁlti;a(%/é agéggrﬁe&?gng%%ﬁg% %Sdge?gg%seg%sﬁé " of over Igappi ng

si ngl e-stranded ol i gonucl eotides in a one-step process using PCR

( Kobayashi, ggmxg%ag ... Bl ot echni ques 23:500-503(1997)). The origina
sequence coding or 8 VL and VH regi ons were obtained froma published
i nternational patent application (International Publication Nunber: WO

94/11026) . Asggihhed MioRAGMikfEN I RBRRALS I RnSHBELARREIANT

GAB-178: GAAGGTTTCTCCAGCATCCTGGTACC

GAB-179: CTGAGGCGCGCCGCCACCATGCTCGAAGAAGCAGTCTGCAGGGC
GAB-180:
GGGCACAGTGECTGGACGCAGGEGCGCEGEGGTCACAGGCACACGCGEGL

pETR1506: Replacement of the 76 N-terminal amino acids of GnTIIX by the first
100 amino acids of human mannosidase II.

[0213] The construction of pETR1506 was performed analogously to the
) construction of pETR1425. The stem region of the human mannosidase II gene
wasg amplified with the primers GAB-252 and GAB-253 using the vector pBlue-

man as a template. During this PCR a Fsel site and a Kozak consensus sequence

were introduced at the 5° end. The resulting PCR fragment overlaps the GnTIII

gene starting at position 229 by 23 bp. In a second PCR reaction a part of the
GnTIII 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



pBl uescriptl tKS(+) to give pBlue-C2BSVH and pBl ue- C2B8VL pl asm ds and
sequenced. [0206] The variable chains of C2B8 were anplified fromthe
correspondi ng pBhi e-C2B8VH and pBl ue- C2B8VL pl asm ds using prinmers that
introduce an Ascl restriction site at the 5° end and appropriate
restriction sites at the junction of the variable to constant region (BsiW
for the light chain and Nhel for the heavy chain). The Igd@ constant
regions were anplified froma human | eukocyte cDNA library (Quickctone,
Clontech) using priners that introdudl suitable restriction sites at the 5
and 3' ends (BsiW and BanH for the constant light chain and Nhel and
Banfl for the constant heavy chain). [0207] After confirmation of the
correct DNA stegquernfiemed théeongiasiugion gbnsaxeas corstyhateddrydighténathe Bdehi ns were each

conbi ned w t hgt he V. rRE PR : j ' les; 1n a first
step, two di P?ere e@xcgp%sm g%%@@%éﬁg?&e&rﬁg?ﬂ%wﬁ%?%%ﬁgﬁgfor the C2B8

| i ght chai n (thEVRIoBIBIRIANY Ehelt hBamHDr Thches@RBBSplasmmd (yETRE0A) ( pETR1316). In
a second step N cin, resi e e A0 . cassette onycin

resi stance gedﬁgglalggﬁ{/%}eﬁah?dr%ﬁ%fﬁfgﬁgﬁ(gﬁ gﬁgh%ﬁ?aéﬂ%o Rérf’l ‘ng@ent rol of the

m ni mal MPSV MPS¥WpkamioterV B sélevtion ditheplagnit in hixemulémicelis a gukokecdil 5 resul ting in
the plasm d pETR1481. dhfr gene Ssion. ca under, control of the
MPSV pr onot er TR0 R gf?%ﬁ@“@%&%ﬁ@%ﬁ%“ﬁf@? he plasmnid
PETR1328. | n plashiapkT®Isep, both expression nodul es (C2B8-1ight -77-

chai ntneo and C2B8- heavy chai n+dhfr) were conbined in one vector resulting
in the plasm d pETR1502. Anti-CD20 anti body expression vector pETRI 520

[ 02081 pETR1SA@m&ceduemes a C2B8 anti-CD20 anti body expression vectorwith an
origin of replication fromthe Epstein Barr virus (oriP) for episomal vector
repl ) cation a%%e'%zrit anance in cells producing the Epstein Barr virus

nucl ear ant i gerrddeBNArcefancaTEahCTTAAGITATCAGeCc AR B cerpeessi on vect or,
pETR1520, the 02% expression nodul e from pETR1416 was inserted asa Hi nDEl
f ragment i nt @BrdP-cont ai ni ng vector pETR1507. The vector pETR1416 is
simlar to pERIEEG2TEGCTGEATAERCEPEAGITAGIALCTTICEITEAARITISOTUTET® Nneonyci n

resi stance geﬂfcf'ﬁTCGG
GAB-254.;
TCCGAAAAGTTCACAAAGCAATTTCAGCCAAGGTGCTEECTCACCCCTECT
' CCAGCCACTGTCCCC
GAB-255: ATGCCGCATAGGCCTCCGAGCAGGACCCC

pETR1519: Combination of the hybrid manlI-GnTII 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 manII-GnTIII expression cassette from pETR1510 was inserted into
pETR1507 digested with the same restriction endonucleases giving the plasmid
pETR1519.



under control of the full, instead of the mnimal, MPSV pronoter.
Anti-fibronectin anti body expression vector pETR1546 [0209] This vector is
the sane as vector pETR1520, except that the variable heavy and |ight chain
codi ng regions of the C2B8 anti-CD20 anti bodyhave been replaced by the
respective coding regions of antibody L19, a human anti body recognizing the
ED-B domain of fibronectin. The variabl e regi on-encoding DNA fragnents were
synt hesi zed by overl ap extensi on PCR net hod using synthetic

ol i gonucl eoti des based on the sequendd-of the variable regions of the L19
antibody (Pini, A et al. J. Biol. Chem 273(34):21769-76 (1998)). Anti-EGFR
anti body (C225) expression vector pUURSI28 [0210] This vector is the sane as
vect or pETRISPfimecs¢qedptest hat the variable heavy and |ight chain coding

regions of th ant | - ti v renl t he respective
codi ng regiongAgggghéQ%ﬁ?gg%gyﬁgﬁﬁgggé:ﬁﬁﬁﬁggﬁggcaﬂfﬁﬁgﬁﬁgﬁgﬁognizing t he
human epi der mehrgr oo rAcaehDATTEOETCACACEAMRAGERCARGEAca@@irarTencodi ng DNA
fragnents vvergéégnt hesi zed by overlap extension PCR nmethod using synthetic

ol i gonucl eot i based on the sequence of the variable -78- regions of the
C225 anti body (sequences can be found in a published patent application

with internat] | lLi.catd on..n er_ W 10, Figs. .16 d 17 of that
pat ent appl i c%%ﬂ%l%ﬁ? oL h%atﬁlé@ﬂ\}ghgﬁrb&?frgﬁi&n%ﬁ%ﬁ%q EPR é‘(ﬁ’ﬁ?gepy) . 2.
Const ruction EATTTTCF 876 @ pr essi on vectors DETRL166. Vector for
constitutive expression of G1TlIII [0211] For construction of the GiTUl
expr essi di2igbct or PEPRTREFOcxmugssionwrior wegsmedified; fo1 additippad erpzession ki dney cDNA

e c ' IS, 1A dded
[ orary (0 onteeihelis Bty kA o, SN SRR Gt 200

_ e stop co e gen amno acid sequence:
PEQKLI SEEDL) fusion| gene rexpressivpetabsettn wee renyeitesh from Grpmpcifiionisétot @rn Bl ot s.

After confir ] . ‘ . & N Em S eat was inserted
under cont rorﬁ%'fsﬂé}ﬁ‘géw %%%%r&gﬁ%g’a%synt et ?@L%tgggﬁfgggﬁ%- gl obi n
pol yadeny! at i oxanl&Gypddl fuges, apdiedrus TRES dément folln#éd by asliNAesseding vect or al so

contained a s i I St I for selection, with the
pur onyci n res'lgs g%@h%%%&f%{;g@e%ﬁ%gﬁh@ﬁ%ﬁg,gﬁﬁ%g(;ﬂ@]p a‘%ﬁsee ‘ﬁ?ﬁ%ﬁ)f)romter and

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 number of T75 flasks at a concentration of 0.9 x 10 cells/ml 24 h

) prior to electroporation. As culture medium, Invitrus (Cell Culture Technologies,
Switzerland) supplemented with 10 % fetal calf serum (FCS) was used. Cells

were counted prior to electroporation. 8 x 10° cells were harvested by
centrifugation (5 min, 200 x g) and the supematant was discarded. The cells were
resuspended in 800 pl Invitrus medivm and were transferred to a sterile
electroporation cuvette (0.4 cm gap) already containing 8 pg circular plasmid

DNA and incubated for 5 min at room temperature. The cells were electroporated

using a Gene Pulser II (BioRad) with the following conditions: 400 V, 960 pF

with two pulses in a 30 sec 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



synthetic rabbit beta-globin polyadenyl ation signal. pETR1425: Repl acenent
of the first 76 amno acids of GhTM by the first 102 am no acids of the
human GnTlI. 102121 The construction of this hybrid glycosyltransferase gene
was performed by subsequent overl apping PCR reactions. In one reaction, the
stemregion of human GhTlI was anplified using the prinmers GAB-179 and

GAB- 180. During this PCR reaction a Kozak consensus sequence and an Ascl
restriction site were also introducgd at the 5 end. The resulting PCR
fragnent has a 23 bp overlap wth 1l starting at position 229. In a
second PCR reaction, the GTIIIl region fromposition 229 to 380 was
anplified with the priners GAB-177 and GAB- 178 ener t|n a PCR fragnent
with a uni qué® BsPRCCspimospliers fpcubatore Fgr fefugiiony 9 B’ﬁmogl @BH-with the GnTl
Stem 1 egi o glyoldiginired bR HBCRIL WAEH iliskolt ly PHE laiedyand used as
tenplates ina thrrd reaction (priners GAB-179 and GAB—X The

resul ting framlonm@mmﬁormeaaomaom@fgb%gbaowwﬂs@nbm thvg | igated to

the vector e,}%[& -tfanstbotdld whith 108 SlasAiAE onb R Qnﬁﬂg@gxb ke plasmd
PETR1404. After t seqguence (t)hf ﬁeasl nseort k €en’ con |rrre t he MPSV
pronot er el en’émof\ﬁ@ﬁmnﬁlﬂ‘gﬂmlwep@msﬁ@mé@ by exyessiop,pbatatiadi 3dl,gest i on) / Prel
fragment yielding hn the plasm d pETR1423. The Sphl / BstXl fragment from

pETR1166, an eXpression vector carrying the original rat GnTf gene, was then
repl aced by the correspondi ng fragnent of pETR1423 resulting in the plasmd

PETR1425 contrgdnBiefibnldf BREndI-sEBNAldhs f Usi on under control of the MPSV

pr onoter and a puronycin resi stance cassette for selection. Priner
sequences: GAB-177: GCGIGIGCCTGIGACCCCCGCGCCCCTGCTCCAGCCACTGICCCC  GAB- 178:
GAA TWGCATWBWJHEKZ%-EBNA cells were transfected by the

GOOGACAGT COCTEEREERE oy
GGGGACAGT KR ESPACA %Tﬂf%@ges’lﬁepl acenment of

the 76 N-ter mifiuals nﬁﬁglcﬁle&aﬂlshﬁpléwentda&nﬁu 1054 FCSl @ wereno aci ds of
human mannosid a%ected when they were between 50 and 80% confluent. For the transfection

of a T75 flask, 8 million cells were seeded 24 hours before transfection in 14 ml

DMEM culture mediur supplemented with FCS (at 10% V/V final), 250 pg/mi

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 IM CaCl, solution, and adding water to a final volume of 469 pl. To this

solution, 469 ul of a 50mM HEPES, 280 mM NaCl, 1.5 mM Na,HPO, solution at

pH 7.05 was added, mixed immediately for 10 sec and left to stand at room

, temperature for 20 sec. The suspension was diluted with 12 ml of DMEM
supplemented with 2% FCS, and added to the T75 in place of the existing
medium. The cells were incubated at 37°C, 5% CO, for about 17 to 20 hours,
then medium was replaced with 12 ml DMEM, 10% FCS. For production of
unmodified (non-glycoengineered) antibodies, the cells were transfected only
with antibody expression vectors. For the production of the glycoengineered
antibodies, the cells were co-transfected with two plasmids, one for antibody
expression and the other of fusion GnTII polypeptide expression, at a ratio of
4:1, respectively. At day 5 post-transfection, supernatant was harvested,
centrifuged for 5 min at 1200 rpm, followed by a second centrifugation for 10
min at 4000 rpm and kept at 4°C,



[ 0213] The construction of pETR1506 was perforned anal ogously to the
construction of pETRI425. The stemregion of the human nmannosi dase Il gene
was anplified with the priners GAB-252 and GAB-253 using the vector pBlue-
man as a tenplate. During this PCR a Fsel site and a Kozak consensus
sequence were introduced at the 5 end. The resulting PCR fragnent overl aps
the GhTIIl gene starting at position 229 by 23 bp. In a second PCR reaction
a part of the G1TIIIl gene (position_229-460) was anplified with the priners
GAB- 254 and GAB- 255. This PCR reactPdn generated a fragnent containing a 43

bp overlap w th the mannosi dase Il gene at the 5 end and a unique Stu
site at the 3 end Bothfragrrents were purified and used as tenplates in a
thl rd PCR V\ﬂ FCnENAH A1SHH e AT i';l_.!:"___,__o (DRGS0 ECONh CANANH AN n_ i) 5'. fragn‘ent was

i nserted |ntd£JmER19H giving the vector pETR1484. After the correct sequence
of the insert has -80- been confirned the conplete fusion gene was

const r ucfpggg) by ||Qﬂ[§l@§ﬂst efl3cy we§1 thnskdcRE BN Ele@Hophlafithl 4fth Wi th the Stal
[/ BanH fragnent from 1166 in the vector pETRlZf?? (Fsel / BanmHl). The

resul ting pl 25FRA5 BUEhP dy-EBmiTsion Stecton VIS PIERiRFaR FTONYPIF11 gene (SEQ I D
NO: 14) Underres‘f@:ﬂfcé %En@&:p&éaﬁonwﬁée&é PNRORYGh-res5Rht SBASCHEO Nl the plasmid

in mamalian cells & puronycin. resi stance cassette was inserted as a Spel
fragment frorelgeTiRic Gbtainyz éﬁd?fn@}wqﬁethatphﬂdsﬁwin??@ﬂ%wgfﬁq ther sequences:

GAB- 252: W GAB- 253
GGGGACAGT GAGCCA @;GCTTTGTG AACTTTTCGG GAB- 254:

TCCGAAAAGT TCARGAIRATDANTE PO ,
GAB- 255:  ATGLLRCATAGRRR %@%@@@%@@gﬁe@m%ﬁa%ﬂw%mgof the hybrid

mans- GhTl I 1 fusion gene wt
) fluorescent cells of a parallel, control electroporation done with a pEYFP-

expression vector, Cells were diluted in Invitrus selection medivm containing 10
% FCS and 1 mg/ml of neomycin. Usnally eight 96-well plates were seeded with
different concentrations of viable, transfected cells {1 x 10°, 5x 10% and 1 x 10
cells per well) and incubated at 37°C until clones could be identified. Once the
clones had grown to almost confluent, the supernatants were analysed by ELISA
for antibody production. ELISA positive clones were expanded first to 24-well
and subsequently to 6-well plates, and then to T25 flasks. After five days of
growth in T25 flasks, the final antibody titer was determined using an ELISA
assay. Using this electroporation and selection procedure a C2B8 anti-CD20
antibody-expressing BHK cell clone (BHK-1502-28) was isolated that produced
13 pg/m! of antibody under the above culture conditions.

Generation of a stable mamrmnalian cell line expressing a recombinant anti-CD20
antibody and a GoTIII-fusion

[0219] The clone BHK-1502-28, constitutively expressing anti-CD20
monoclonal antibody genes and the neomyecin resistance gene, was transfected
with the pETR 1537 expression vector by electroporation. pETR1537 is a vector
for constitutive expression of the ManJl-GntIIl 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



E lication origin oriP frompstein Barr virus. [02141 Using the priners
GAB- 261 and GAB-262 a 2 kb fragnent containing oriP was anplified fromthe
plasm d pCEP4 (lnvitrogen). During this PCR reaction at both ends of the
fragment Sspl and EcoRl sites were introduced. For sequencing, the oriP
fragnent was inserted into the vector plCl9H After the correct sequence
has been confirmed oriP was inserted as a Sspl fragment into the vector
PETR1001 (digested with BsnBl and 5 gpverlapping ends filled in using

| Cl enow pol ynerase). The resulting p? asm d was designated pETR1507. A Sphl
/[ Nrul manl| -GnTI Il expression cassette from pETR1510 was inserted into
pPETRI 507 di g nuc ving the plasmd
DETRL510. d‘ﬂéﬁi‘ Qe:gsg)éﬁx@g@ Je%i%%gimﬁ& NAopG 28RS 0Bl

GCT. AAATATTGAAiETs@GﬁE MATGHGTAMNCDE TR S EAAGE i ARc3mBinarft AGibody

CAATATTGAATT T, CA TR1537: Conbi nati on of the
hybrid maul | P %%ﬂ m@%%%eﬁ?@sﬁ%% %ﬂgﬁ&“%l | - surface marker

gene [ 03bZdo] Tpe pEﬁmﬁﬁﬁvﬁmwsatalnleﬁaﬁ?mnmmﬂhk Kned A%nﬁd?: ti onﬁl vbri d
expression o truncate cell-surface mar y, the hybri
manf CCnTi 11 SRRRRRT Ul ScRPr b <SP Ga eat, BR@S B ORI om A

monoci st r oni Qrdnefedtiond bffitishdyOwhs d&&ﬁﬁﬁﬁshm Hasset Eb? éb)inthﬂgseélisl ng, downstream
of the stop codon of the manf- GHTI [l fissi.on, io virus | RES el enent

fol | owed by SXREHIRBENESvEgotabeells. GR%-af all oellswerr @BSFS%‘?&)@@% Celonpri sing the

human CD4 |e&%fht§%§&ﬂ°9i% OrOneS(ﬁ@rﬁel-Qﬁnifgdnbﬁ?,V\@dl’ls%n&fB&ed Iia@cﬁsms‘rﬁorane and
extracel | ul ar _domai ns ansfecti cells wt

GnTl I | - fusi oRETBA? O&H{EVE%&?W@R%H&@WGQ a"v’e@:@oiéoeﬂléﬁgq g §i: iﬂqoof BHK cel | s

[0216] Exponeniiicik laid edutiin96-5@ll bfatekVih alFidal oo ofdBlERicnceded in the
appropriate nunber of T75 flasks at a concentration of 0.9 x 106 cells/m 24

h prior to @edbm @pstrus 1BRFCHI0pamipmemyein; Lmg/mlaeqoayeys. Glogss| Cul ture

Technol 0gi €S were visible after two weeks. They were expanded and scresned for truncated-

CD4 (tCD4) expression and antibody expression.

[0221] For the screening of tCD4 expression level, zipproximately 500,000 cells
were washed with FACS buffer and incubated with 5 ul of FITC anti-human CD4
(Becton Dickinson, Switzerland) for 20 min on ice. After two washes cells were
resuspended in 0.5 ml FACS buffer and analyzed with a FACS (Figure 17A-B).
A clone with a good expression level of tCD4 was isolated (BHK-1502-28-11).
After 5 days of growth in a2 T25 flask, it produced about anti~-CD20 antibody ata
final titer of 17 pg/m)l, as determined by ELISA.

4. Production and purification of unmodified and glycoengineered
antibodies

Harvesting of culture medium

[0222] In 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 supematant 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 GoTIII-



Switzerland) supplenented with 10 % fetal calf serum (FCS) was used. Cells
were counted prior to electroporation. 8 x 106 cells were harvested by
centrifugation (5 mn, 200 x g) and the supernatant was di scarded. The cells
were resuspended in 800 | Invitrus nmediumand were transferred to a sterile
el ectroporation cuvette (0.4 cmgap) already containing 8 g circular plasmd
DNA and i ncubated for 5 mn at roomtenperature. The cells were

el ectroporated using a Gene Pulser JJI (BioRad) with the follow ng
conditions: 400 V, 960 pP with two pulses ih a 30 sec interval. After the
el ectroporation the cells were imediately transferred into a T25 fl ask

containing 5_n of outgrow nediu (Inyitrus / 20 % (V/V) FCS /| 1.25 % (V/V)
DVBO) and V\eﬁ’émflr?éﬁﬁ%ﬂ e&?r’éw@wm%%%@é@w&sfbﬁg%ﬁ?ﬁcubator. For
production ofpeginfmgrbtifetely16MowspKEBARGARALMA e 1AR HicBiRbi S theh he cel | s were
transfected only wth antibody expression vectors. For the production of

the gl ycoengh#essicd atternsilitupgithsdransigged ellp fo a fether 9 hoptsnst ected with two

pl asm dggape f orpRff BN BHRXP0228119 RelfRE. § MftureNab Seaddfar S0ooon CITI U
pol ypeptide (SEQ I D NO 15) expression, at a ratio of3:1, "respectively.

Transf ect i oncdE/mEpdHpeEpap bawpstes gfigod dys ok prteervhen theycel dengitig HEK293- EBNA
cell's were tganst eGheHaiycciifl afhe i iddiins pfge nmethod. Cells were grown as
adherent nonol ayer culturcees ?’%1 T fasks ﬁgi ng DMVEM cul t ure nedi um

suppl emented with 10% FCS, and were transfected when they were between 50
and 80% conf lAugkddy plodfcafidie transfection of a T75 flask, 8 million cells
were seeded 24 hours before transfection in 14 mi  DMEM cul ture nedi um
suppl emented with FCS (at 10% V/V final), 250 g/m - neonycin, and cells were
pl aced d0223yC i n Mondclvoalatisxdy wias puEfiddfaBiOBuituat supepitentarsingewai ght . For each
T75 flask to_be tr fected,.a sol ution.of DNA .CaC 2_and water was
prepared by i %?n%la‘lag%oﬂgt?g?%qm pgfegss'm' ev%Iétt §P ISRE,IS gtzpmqeo’? 1M CaCl2

sol uti on, andhremdebgrephyatieg a pl-geadfentehition thiat effectivblyd6faraies bovideand hi s sol uti on,
469 | of a 50nM ES,. .280 1.5 21 POAsolution at . pH 7.05 was
added, m'xedgwwggﬁﬁtsg?@w#&?ﬁ%g@@cﬁq?%getc URALQREP, GS?G(S’(;% t enper at ur e
for 20 sec. .dgivharpdsieansplebuff@so shobpharduifered sdlide HBSHf DVEM

5. Oligosaccharide Analysis

[0226] Oligosaccharides were enzymatically released from the antibodies by
PNGaseF digestion, with the antibodies being either immobilized on a PVDF
membrane or in solution.

[0227] The resulting digest solution containing the released oligosaccharides

) either prepared directly for MALDI/TOF-MS analysis or was further digested
with EndoH glycosidase prior to sample preparation for MALDI/TOF-MS
analysis.

Oligosaccharide release method for PVDF membrane-immobilized antibodies

[0228] The wells of a2 96-well plate made with a PVDF (Immobilon P, Millipore,
Bedford, Massachusetts) membrane were wetted with 100 pl methanol and the
liquid was drawn through the PVDF membrane using vacuum applied to the
Multiscreen vacuum manifold (Millipore, Bedford, Massachusetts). The PVDF

membranes wete washed three times with 300 il of water. The wells were then



suppl enented with 2% FCS, and added to the T75 in place of the existing
medium The cells were incubated at 37C, 5% CO2 for about 17 to 20 hours,
then medi umwas replaced with 12 mM DVEM 10% FCS. For production of
unnodi fi ed (non-gl ycoengi neered) antibodies, the cells were transfected only
wi th anti body expression vectors. For the production of the glycoengi neered
anti bodies, the cells were co-transfected with two plasm ds, one for

anti body expression and the other of fusion GhTT[| pol ypepti de expression,
at aratio of 4:1, respectively. Argéay 5 post-transfection, supernatant
was harvested, centrifuged for 5 mn at 1200 rpm followed by a second

centrifugation for 10 mn at 4000 rpm and kept at 4C -83- Generation of a
st abl e mammual Vaghedwith 50 i REMFeeSM Hipad SPalvbrns hamM EA.pBI8XD. ant i body

10218] BIIK cgll.s. ( 21-13C [ r.an ed. ation with
PETR1502 C2B8S&W %@?@ ”&mﬁﬁé@?@%ﬁ’e‘ﬁe°§$%§§”%m%”g%§%%ﬁi ‘gl?{tr%ﬁgg%%bnyci n-

resi st ance geTie lizidieths welhwasnkaat theugliNeomytbrirebe appdfisgdacinaes were fir st
selected to obtain_a set of clones that had chr |y integrated the
PETR1502 vect PWF“@I“%@@WM&W@E@&W% Sé)gl?i%ﬁgﬁvnﬁhﬁ anti body

product i on Usi.AgiaR oEhisafaf Bidks vﬁg?ﬁfﬂr}ﬁed %? AB@HES 0P 96 Lt 6 6944 OpOr ati on,

viable cells were counted and the transfection efficiency was determ ned by
counting fl udithictlreitd] it RCMsind incobapian aff 3780 forddint r ol el ectroporati on done with

a pEYFP- essi 1. l1ls re dilut in lpvitr.us sel ection medi um
cont ai ni ;[.‘gﬁ% % %gggaini%%fuﬁéﬁ ’rﬁvag'},'\%égarrsy?ﬁgﬁggﬁné’lv @eg%t%lﬁ'tmcélo-v\el | plates
wer e seeded widhition diohd the enll. Therwalln tvert wahal thiee Himablvith 306 ahedtect ed cells (1 x
103, 5 x 102 d 1l 102  cells r | 1), and .incubated at. 37C until clones
coul d be iden‘??r}?rFB?ﬁm@’i‘ég‘et"ﬁ OX)E‘F%%@E%;% egﬁyﬁtﬁﬂe%‘?%ﬁ%ﬂsd?l@% | uent, the
supef nat ants y®il®. 104’ abiy i NI uftbhd ABiYaRa oy rddfaeHsdrite®n ELI SA positive
cl ones were expanded first to 24-well and subsequently to 6-well plates,
and then to T@Sd‘?’}‘é@'@@m’%ter five days of growh in T25 flasks, the final
anti body [623ber Wasasie abBtyRRthytsibROha wdik lwefe dRas@evith Yahugh bltd S

el ectroporation and sel ecti on procedure a C2B8 anti-CD20

ant i body- expr8begqaeptipwashed dir¢e tones véth(3RP pkvatgo Phe R DEKvmembrsng wesed t hat

pr oduced

then blocked, to prevent adsorption of the endoglycosidase, by incubating 100 pl
ofa 1% aqueous solution of polyvinylpyrrolidone 360 at room temperature for 1
hour. The bloqking reagent was then removed by gentle vacuum followed by
three washes with 300 ptl water.

[0231] N-linked oligosaccharides were released by addition of 2.5 mU peptide-
N-glycosydase F ( recombinat N-Glycanase, GLYKQ, 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 NaHCOs, pH7.0).
Digestion was performed for 3 hours at 37°C.

Oligosaccharide release method for antibodies in solution

[0232] Between 40 and 50 pg of antibody were mixed with 2.5 mU of PNGaseF
(Glyko, U.S.A.) in 2 mM Tris, pH7.0 in a final volume of 25 microliters, and the

mix was incubated for 3 hours at 37°C.

Use of Endoglycosidase H digestion of PNGaseF-released oligosaccharides for
the assignment of hybrid bisected oligosaccharide stuctures to MALDI/TQF-MS
neutral oligosaccharide peaks



13 g/m of antibody under the above culture conditions. Generation of a
stable mammal i an cell |ine expressing a reconbinant anti-CD20 anti body and
a GhTM fusion (0219] The clone BI TK-1502-28, constitutively expressing
anti-CD20 nonocl onal anti body genes and the neonycin resistance gene, was
transfected wth the pETR1537 expression vector by el ectroporation.
pPETR1537 is a vector for constitutive expression of the Manl|-GitM gene and
a truncated formof human CD4, the | ater 1RES-dependently expressed. The
vector also contains a puromycin-regkstance gene expression cassette.
Puronmyci n-resistant clones were first selected to obtain a set of clones
that had chronosonally integrated the pETR1537 vector DNA. C ones were then

e o M35k o S PSSO Hypealtiidey e Bl B e Con gene
expr essi on unkadogiRessoiaiz i 4RE 3.4/ t96) Aty thefindolidi digession,ofs mief BedoBt ed cl ones was

verified usin n ELL.SA assay. J.0 r..ef TRI 537. vector DNA was

li neari zed wi @Q%Prﬁwtzegaﬁdém%eo?dhe‘fégﬁesﬁg@ﬁ%ﬁigﬁgE?P%O%Vﬁﬁag{} essi on vect or
was perf or nedméthod aievk) &l give Erinab vethe @ff 36fhicoliens wndve @it @ssm ned after 24
hours by counti no gl& gelxgrqeczsi ng{_II YFP over to;NaI CFfI |s. 58%of all cells
wer e exprgssi‘ﬁ@‘b%’?& T 3 B at 3¢ tﬁnfl‘? EiEle%b%‘Veegih? oS FLY BuRp S ARG .
transfecti on, reG@lds of e RRRHRMEE e&%ﬂhmﬁ@%éézha%sp@(f&zyﬁe gaserially

diluted at 1:100, 1:500, 1:1000 and 1:5000 dilutions and seeded in 96-well
plates, in a finéEeseligomannese widmast bybrid Spe glyFas, Whrews eAWRITA VRS r us, 10% FCS,

20 sg/ ni puromggga@@hagidgggfergotgﬂég%u_n). Clones were visible after two weeks.
ne

They were expanded and scree or truncated- CD4 (tCD4) expression and
anti body expression. 102211 For the screening of tCD4 expression |evel,
appr oxi mat el ySdoiiie fiSshratioh ks MAEDETOBMEd W th FACS buffer and incubated with
51 of FITC anti-human CD4 (Becton Dickinson, Switzerland) for 20 mn on
ice. After two washes cells were resuspended in 0.5 nl FACS buffer and
anal yzed[2B4lh a FAES cafimgtic digestic@Bitaining thel wlvasedioliposacaaritts eversr essi on | evel
of tCD4 was i ( -, 28- A 5 £ Qr ina T25
flask, it pro%ﬁlgggggg%oa%%? ﬁ?ﬁégﬂﬁé%?i%%%dﬁgﬁn ozgqé%% o8id 1§ a(ﬁ%lh

concentration of 150 mM, and were subsequently passed through 0.6 ml of cation

exchange resin {AG50W-X8 resin, hydrogen form, 100-200 mesh, BioRad,
Switzerland) packed into a micro-bio-spin chromatography column (BioRad,

Switzerland) to remove cations and proteins. One microliter of the resulting
sample was applied to a stainless steel target plate, and mixed on the plate with 1
pl of sDHB matrix. sSDHB matrix was prepared by dissolving 2 mg of 2,5-
dihydroxybenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 mt 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 air.
MALDUTOF-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 20k'V and 80 ns delay. External
calibration using oligosaccharide standards was used for mass assignment of the
ions. The spectra from 200 laser shots were summed to obtain the final spectrum.



final titer of 17 g/m, as determ ned by ELISA. 4. Production and
purification of unnodified and gl ycoengi neered antibodi es Harvesting of
culture nmedium [0222] In the case of BBK cells transfectedwith an anti body
expression vector or co-transfected with an anti body expression vector plus
a GhTlll-fusion expression vector, the culture supernatant was harvested
after culturing the transfected cells for 96 h post transfection. Depending
on the expected productivity, sevengg_electroporations (10-15) were done
for the sane vector. [0223] In the caSse of | MK293-EBNA cells transfected

wi th an anti body expression vector or co-transfected with an expression
vector plus a GhT%II -ﬁﬁ$ﬂ3 %§i%ﬁ expression vector, the culture nedi um was
repl aced by fresh cul ture neqi ﬁQapproxinately 16 hours post-transfection

and the later nediumwas then harvested after culturing the transfected
cel | s f ol0236]f ur t h@eriphe@l hlvgd smofopaclept qetis (PBMCS tvednt erapieked 1502- 28- 11

cellline, a . ﬁgge . 0,00 | nat ant

harvest ed af &g%t%g%\{/@%o@ u ﬁha%éos\agselﬁgt’ %é %@ﬂ%’ (21?1351?? SU §Av?£§{d1. 7 x 106

vi abl e cel | s/follovdnglestdnBallyehd mendidzitirers jnsinictiG@Y%n bAet, viodyblpetd wiési cat i on [ 0225]
Monocl onal angib phurified fromcul ture super nt Wsi.ng two

sequenti al c&%kgnng‘g%lgh\ﬁg%ﬁ%géwggs. Eﬁ‘ﬁgoﬁl?tfgfw g}pj)e%cagg%f@)t%y%fl Protein A

chr omat ogr ap hyinuts iahfiyll powtt- ig roadhr enincehasttheoperdehiape eff daturdli kikdr yellsepar at es bovi ne

and human | . Thi f.ol | .oned. ) Lon hange, chr tographic step
to exchange%mmstger%?omfb?c’é’td“faf)glb‘ﬁ%dsg%z{iib l%q"? ggélapcggﬁa}nﬁlé PBS). 5.

A i gosacchar icidlghmnalaysedor Hi2d6dquel 1070 Thegradient dasceneifeged ar40iaig cal | y rel eased
rmobi 1 zed. dRF S BeReon P anEe OO e s ekt e AGHAE SRERE L 1 ng i gost
sol ution conttas PBME tvinecolledted amdlwadhied odhEBR(S0deSperajell ébmptvepar ed directly

N

tesuspension of the pellet with PBS, the PBMC were counted and washed a

second time by centrifugation at 200 x g for 10 minutes at RT. The cells were

then resuspended in the appropriate medium for the subsequent procedures.

7. NK Cell Isolation

[0237] Human NK cells were isolated from PBMC applying a negative selection
procedure using magnetic beads not binding to CD16- and CD56-positive cells
(MACS system from Miltenyi Biotec GmbH, 51429 Bergisch Gladbach, GER).
PBMC were washed once in ice-cold MACS buffer (PBS containing 2% FCS and
2 mM EDTA), resuspended at 20 Mio cells per ml of a 1:1 mixture of FCS and
MACS buffer and incubated for 10 min at 4°C. The cells were then pelleted and
resupended in 80 pl per 10 million cells with MACS buffer containing 10% FCS.
Then 20 pl Hapten-antibody solution per 10 million cells were added. The cells
were incubated for 10 minutes at 4°C with repeated swirling of the tube. After
two washes with MACS buffer in at least 10 x the labelling volume, the cells
were resuspended in MACS buffer containing 10% FCS at 10 million cellé 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



anal ysis. digosaccharide rel ease nethod for PVDF nenbrane-inmobilized

anti bodies [0228] The wells of a 96-well plate made with a PVDF (I mobi |l on
P, MIlipore, Bedford, Massachusetts) nenbrane were wetted with 100 |

met hanol and the liquid was drawn through the PVDF nmenbrane using vacuum
applied to the Miltiscreen vacuum manifold (MI1ipore, Bedford,
Massachusetts). The PVDF nenbranes were washed three tinmes with 300 | of
water. The wells were then -86- washed with 50 | RCM buffer (8M Urea, 360mM
Tris, 3.2mM EDTA, pH 8.6). Between 48 40 g anti body was | oaded in a well
containing 10 I RCM buffer. The liquid in the well was drawn through the
menbr ane by appl yi ng vacuum and the nenbrane was subsequently washed tw ce
with 50 | RCMOGud MACS briffer and dagdest dntsre I MAICS gblivind vhish iwdgpleceddrsa per f or med by

addi ti on of freQ. 1M, dit hi,ot hr.ei.al . nd.i ncubatjon at 37C for 1
n9 0901 ror TS BCsTorite i Sl B A CS G T B T, 2
di t hi ot hr ei t olvashabkith 3 ©8 nfl MAGS thedfenTht cellf hethe\Bdbw-shrough dravimivege t hree ti nmes

with 300 | water ef.or erfornm.n e .carboxynet hyl.at.i.on t he cysteine
st dues by dpPbegpbseBily o O Ses PO R B RPLTR s and

i ncubati on atexpfegsidd wagtRtvaknl8®95 . the dark for 30 mn. [0230] After

car boxynet hyl ati on, the wells were drawn with vacuum and subsequently
washed three times with 300 | water. The PVDF nmenbrane was then blocked, to
prevent adsorpti oi. of t A@GEhAlsgt ycosi dase, by incubating 100 1 of a 1%
aqueous sol ution of pol yvi nyl pynol i done 360 at roomtenperature for 1 hour.

The bl oclgong r eagepMasNKNRRIEAHENwEY paRiel 8s YackEMabS)d eHed by three
washes with 300 | water. [0231% N1 1 nked "ol |(?osacchar(des were rel eased by

addi tion of 2fcipsosegetireio-vaZailped i lifs EBMG md Mneallndespreticrlycauase, GLYKO,
Novato, CA) afyd Qrchtd¥lleiisl vdrd S}?ﬁﬁmﬁ%\%@d—w&ﬁlﬂu a%el apftopBfi®VE any

potential charged nonosaccha i

non: residues, in a final Volume of 25 1 in
20mM NaHCOB, qoeRenBytion ipjogdes td ardd Wil nye wed ofieimd bettan Ao wiel plates37C.

Qi gosacchari 'Pa?gert gélﬁ %&%Zfﬁta!ﬂ%djeg QVG%@I{WPQQ ioFﬁa.thﬁvﬁ %l l%f.al%ﬂaa cells
grown in DMEM containing 10% FCS. Target cells were washed in PBS,
counted and resuspended in ATM-V at 0.3 million per ml in order to add 30'000
cells in 100 pl per microwell. Antibodies were diluted in ATM-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 celis were added and the plate was incubated for 4 hours at
37°C in a humified atroshpere containing 5% CO,. Killing of target cells was
assessed by measurement of lactate dehydrogenase (LDH) release from damaged
cells using the Cytotoxicity Detection kit (Roche Diagnostics, Rotkrenz,
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



[0232] Between 40 and 50 g of antibody were mxed with 2.5 nJ of PNGaseF
(dyko, US A) in2 mMMTris, pH7.0 in a final volunme of 25 mcroliters, and
the mx was incubated for 3 hours at 37C. Use of Endogl vcosi dase H

di gestion of PNGaseF-rel eased oligosaccharides for the assignnent ofhvbrid
bi sected oligosaccharide structures to MALDLTOF-MS neutral oligosaccharide
peaks -87- [02331 ThePNGaseFr el eased ol i gosacchari deswere subsequently

di gest edwi t h Endogl ycosi dase H (EC 3¢g. 1. 96). For the BndoH digestion, 15 nU
of EndoH (Roche, Switzerland) were added to the PNGaseF digest (antibody in
solution nethod above) to give a final volume of 30 mcroliters, and the

mXx was | ncubat for urs 37C, ch cl ea bet the
N-acet yl gl ucos: gHODF% g@ergea&o aexc%:fﬂ\'l]lgt B%“E%i?aéem%%fs fked

ol i gosacchar |1ﬁ%of17hﬁx®lﬁﬂ1¢mxﬁMrelsafdy di gest ol i gomannose and nost hybrid
type gl ycans, whereas conplex type oligosaccharides are not hydrolyzed.
Sanpl e nreoaration for MALDLTOR M5 [0234] The enzymatic di gests containing
the rel eased ol i g@sacchenRldAdindimgon NEnestlbat ed for a further 3 h at room
after the addition of acetic acid to a final concentration of 150 nM and
vere subsggyent | Y@éﬁEQS51BEcPNRr'oeﬁS Greddl eﬁﬁqﬁiﬁé&'s%nu@e(&t%@&eg h&si n (AGOW X8

resin, hydrogen form "100-2 nesh, Bi oRad Swtzerland) packed into a

m cro- bi o- sp|meteweérfmhdb%{pwy/vemaewdaobﬂa@(140%1&%} ParMECGlo renove
cal] ons and  niigho} B3-in 9Bl £ obchffuith rchPch BB B9 AR, & s appl ) ed (o

a stainless steel “target plrate, and m xed on |ate with of sDHB
matrix. sDHB W@PW NKwalé-afﬁp@etadw e HP«@%L-%IWQWZO%@6&9482(1896)H| hydr oxybenzoi ¢
acid pl ugefep %féﬁzﬁéé%ﬁmﬁ'@}%'ﬁSA b19Rkodi /10 mM
aqueous sodium chI or| 1 es were air dried, 0.2 }d

et hanol was asmdlqowntrawa Walﬂe st ﬂoé’sx \lf\%rcéllfc/mhﬁllfﬂis A Ried 0t()é:%re crystallize
et ol MATERMS « ORISR 0T, 20 2o RElioqIpheT S {0
acquire the nass spectra was a Voyager Eli te’ (Perspectiv osyst ens). The

i nstrunent waantibpdyrwirieuts ifer 30 min at 4°C. Cells were then washed two times and
antibody binding was detected by incubating with 1:200 fluorescein
isothiocyanate-conjugated F(ab’), goat anti-human IgG  (Jackson
ImmunoReasearch, West Grove, PA) and anti-human CD56-PE at 5 ul/ 5 x 10°
cells (BD Pharmingen, san Diego, CA) for 30 minutes at 4°C. (Shields R. 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% NaNj, and 180 pl added per FACS tube.
Ten-fold antibody dilutioas (0, 0.1, 0.3, 1, 3, 10, 30 pg/ml) of L19-unmodified
and L19 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% NaN; and the fluorescence intensity referring to the



the Iinear configuration, with an accel eration of 20kV and 80 ns del ay.
External calibration using oligosaccharide standards was used for mass
assignment of the ions. The spectra from 200 | aser shots were summed to
obtain the final spectrum -88- 6. PBMC Preparation [0236] Peripheral bl ood
nononucl ear cells (PBMC) were prepared using Hi stopaque-1077 (Signma

D agnostics Inc., St. Louis, M63178 USA) and follow ng essentially the
manuf acturers instructions. In brief 191/ ENOUS bl ood was taken with

hepari ni zed syringes from vol unteers %ho were asked to run for 1 nminute at
full power in order to increase the percentage of natural killer cells (NK

in the blood., The blood was diluted 1:0.75-1.3 W BS.not _cont ai ni ng Ca

or My and IayE?uéga%’lrl?o |@F6‘%ﬁﬁﬁé§%¢%ﬁ%ﬁl@ﬁ%\g@%@ﬁ?’ﬁﬁ uged at 400 x
g for 30 m njaé gQ@mlivaigrenat ure (RT) without breaks. The interphase
containing the PBMC was col |l ected and washed with PBS (50 ml per cells from
two gradients) and harvested by centrifugation at 300 x g for 10 m nutes at

RT. After resuspdisi oSomplebaat depdnbiait cywvtbhiciBBSsayt he PBMC wer e counted and
washed a second tinme by centrifugation at 200 x g for 10 m nutes at RT. The

cells wen hen ' bake ' Ookmk Re subsequent
procedurégz.%f?. NKI%‘%FQ@E% F@H{EF@%E%%E%%ET\RE%@%E& &/e‘é%\k ilq)gol ated from
PBMC appl yi ng(lavinegga) 4t ¢ eniimheells mpnml. (50 qd edis veereiplated perawgaliat e dlabeads not
binding to 6- and 6- ifive.cells VA m, f Ml tenyi Biotec
GbH, 5142903%%‘8&9%”3&%2‘2%&%,&@?{?@“Bﬁi%q&%é?gs“\m&eq‘m!%ﬁ‘%@m% i ce-col d MACS
buf fer (PBS csnfias the 6€ls2Aativodicanere alowdilitdiido the @Bk fpendafiteaat 20 M o cel | s

per mM of a 1:1 nixture of. FCS and CS buffer. and jncubated for 10 min at
4C. The cel | sT™RBy EDPFRRre, EMAT STV fQmPiemey B‘Vﬁ%@mﬁ O miIlion

cel 1'$ with MAGRtdIU fRIwiOARMAVNAAdded % ﬁgﬁ-m thERRs. Zabbit ddapleanant i body
ed.

solution per 10 mllion cells were add The cells were jncubated for 10

m nutes at 4CGgrerine bahessigs)sis prepared astdescHedibyihe manpfaghrer, diedrashes wi t h
Fesuspended | b UNELE BTy b sl D18 & DM A g e e B0 |
and 20 gl ant soutrapwenbedtatfob i apa4°Cheford dddition tetbe hssayer e added. The tube
[0244] The assay plates were incubated for 2h at 37°C. Killing of cells was
determined by measuring LDH release. Briefly, the plates were centrifuged at
300 x g for 3 min. 50 pl supematant per we'll were transferred to a new 96 well
plate and 50 pl of the assay reagent from the Cytotoxicity 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 mamrmnalian 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, recornbinant antibodies were purified from the
culture medium by Protein A affinity chromatography. Expression of genes



was incubated for 15 mnutes at 4C with repeated swirling of the tube. After
one wash with MACS buffer the cells were resuspended at up to 100 mllion
cells in -89- 500 pl MACS buffer and | oaded onto a LS MACS col um whi ch was
placed in a MN-MCS mgnet and equilibrated with 3 mM MACS buffer. The
colum was washed with 3 x 3 m MACS buffer. The cells in the flowthrough
fraction were collected and subsequently used as NK cells. Purity as
determ ned by CD56 expression was tgﬁ_ween 88-95 % 8. ADCC Assay [0238]
PBMC or NK as effector cells were prépared as descri bed above. The effector
to target ratio was 25:1 and 10:1 for PBMC and NK cells, respectively. The

effector cells re prepared,i M V. medium at the. riate
concentrat i oﬁ%%ﬁﬂ@?e@g%ﬁl%%&ﬁgwmﬂe @8&#%5‘%%%‘@6 wel | plates.
Tar get cel | s cél0viakiB8calitid VAR 6 REbIETHEIDIKID; Bladie tblaémlnw%&idcmgphorm cells

grown in DMVEM containing 10% FCS. Target cells were washed in PBS, counted
and resuspend®d ROWPERYIEY/ at 0.3 nmillion per M in order to add 30' 000 cells

in 100 p[hzas?r m Cimé/»?hﬁﬁed%ﬁib&ﬁ&i @8re RER ab1Y-dd 96 iBir AliPdoMylatirided in 50 | to
the pre-plated target cells and allowed to bind to the targets for 10

mnutes at RatterpheRhespantdpdisseasry Mdinked qligosnceharidas afaehed weDpleat e was
| noubat ed f OlasthdiouRbe 13 kil 185N ¥EIEhGH_hDBLRRERARNLEISN Ng 5% CC2.
[ urenent o a

Killing of target cells was asseSsed by neas ctate

dehydr ogenas éngyepiyaliveternsed fiponiuiihedieredy ENGaseF digestignt #nd @oreot oxi city
Det ecti on Ki ] ) i : Y] l; +After the 4-hour
oL, By 9 5 gy M b

i ncubation the uged at g. super nat ant

from each welt¢ detersnine the Spetion of difisrent lignsacehendpenesing withiatthe total.t om 96 wel |

pl ate. 100 | GOl org.S f L qm. i : er well. The
Vmex) val ues 8?191'{:%&? ccsdg %%Ec?ﬂé:i%e{fai %‘Ir%m\/(\’g?igggégt%@r%&ﬁgl |%\£1§gg%ﬁﬁ"§ reader at 490
m for at | essdifi@nhpeakyisithrppSOBTHmmPROSB | NovaredBi¢ktinek 4F:4Y6-Devi ces,
Sunnyval e, C@P&Qg@)) USA) . Spont aneous LDH rel ease was neasured fromwells
contai ning only tat)get and effector cells but no antibodi es. Maxi mal rel ease
was detl@24ined f Figmevleshows thermentralioligosacrhyridedvl4BDI/EOFINS arndiles% Tri t on X- 100.

(P‘(a; centage OfgFPRE oAl CAR HERDA Ginbile 1561 dntiRidy GRIGHALEd as fol | ows:
BHK celis. These cells were transfected with antibody expression vector
pETR1502. Figures 2 to 4 show the corresponding profiles for the same antibody
produced by BHK cells engineered with nucleic acids encoding polypeptides with
GnTOI activity. The profile in Figure 2 results from the use of a nucleic acid
encoding wild-type GoTHI expressed from vector pETR1166. 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 nucleic acid
encoding a fusion polypeptide comprising at the N-terminus the localization
domain of Golgi c-mannosidasell (Manil) fused to the catalytic domain of
GnTIII. This fusion gene was expressed from vector pETR1506.

[0248] The unmodified antibody has a typical oligosaccharide profile (Fig. 1),
with peaks at m/z ratios of 1485, 1648 and 1810 being consistent with
biantennary, core-fucosylated, complex oligosaccharides with 0, 1- and 2-
galactose residues, respectively. Similar profiles are found for the Fe-region
oligosaccharides of non-engineered IgG1 antibodies produced in other standard
mammalian, industrial cell lines such as CHO and mouse myeloma cells (Lifely,



SR}/ (MR - SR)*100, where x is the nean of Vmax at a specific antibody -90-
concentration, SR is the nean of Vmax of the spontaneous release and MR is
the mean of Vmax of the maximal release. 9. FcyRIII1A binding on NK cells
[0239] Freshly isolated NK cells were centrifuged 5 mnutes at 200 x g and
pretreated with 0.09% (wt/vol) lactic acid solution (140 MM NaCd, 5 mM KO ,
pH 3.9), by incubating 3 x 105 cells/m at roomtenperature for 5 m nutes,
to renove NK cell-associated 1gG (QRg Haas M, J. Immunol. 156:2948
(1996)). [0240] Cells were washed t tines W|th PBS, 0.1 % BSA, 0.01%
sodi um azi de and concentration was adjusted to 2 x 106 cells/m in PBS,

0.3 13, 1oMR A Reohiplay SIN PRy, Badeing ot 4es SEOTE were ( hen
washed two ti @cﬁﬁ@eﬂ@?@kﬁ@ﬁﬁbnbfﬂﬁﬂ e BRBIMGISHhaY bisdoRE bR i ng Wi th 1:200

fl uorescein |sot hi ocyanat e- conj ugated F(ab')2 goat anti -human | gG (Jackson
| munoReas ear BROsyipisds W@lwﬁéﬁhgﬁm" U‘r‘ﬁﬁﬁﬁ?ﬂ ébB’Gﬂ]HEa%Pt tgVs /5 x 105

cell's (BD PhagLfd@e6Ro, H87 afd d@noftEisedtedni €/ ds 1t et
al. J. Biot. Chem 277(30) 26733 7 52002) 024 The fluorescence

intensity ref@P‘?SVh&dt ehngcbwﬁdpmu mameamomﬁ atbedyri ned for CD56+
cells on a FALSSCAlL gammaRl | b
Fogtelid bt ﬂmggnﬁcﬁ? Fi‘o%ﬁ%fg celld 'By‘]&éx%fsroqﬁgf a m;c%/ n_gcﬁ

bi nding on Raji noma ce Raj i uman oma cells were

washed 20 m nﬁl&@d@(ﬁmﬂ GHIN fstampobynentide.ivdwregheaGnf Il cefalytiedoman Cel | s were

1801 added pariuedfa e Gt Cobftoniloniafinah s faas daskffiplug®, B0 JEN, SN
10, 30 sg/n )compidacb@ntmmplﬁgce@bchmdcb (note geagrk M@h@ﬁ%@éi&ﬁ mBigocl| onal
ant i bod 5 e adies ik U0 BB TP Ikof BEPBBH fntfaf 0 30 i

(final cells ConCeRtation washes, 1:200 of
fl uor escei n i ®odnhinoeyszniat Wsccted) vyafiedylEed bin)l Digciad, yhtid -striimresn | gG (Jackson

| ni mmoRease S ove A e S i ncubat ed at
4C for 30 min Cg‘gﬂr%" Tapoians o of g# a‘ii‘\}\lqu% "?eltgﬁ“s 13% 21354? ﬁndo.?‘gﬂ’ m PBS, 0.1 %
BSA, 0.01 % NaN8vatectht toealf Eaﬂm%@nz and BY eTisi ay;tthem‘ effrisenigd tmont he

fucosylated and bisected, hybrid structures results from the competition, for

GnTI-modified oligosaccharide substrates, between the recombinant GnTIII-

catalytic domain and (i) the endogenous core, a1,6-fucosyltransferase, (ii) Golgi
o-mannosidase II (ManlI) and .(iii) GnTIl, 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 GnTTI, since GnTH acts downstream of ManlIl 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 GnTII activity-enceding nucleic acids used here,
engineering of the antibody-producing cells by expression of a nucleic acid
encoding a ManII-GnTIII fusion polypeptide (SEQ ID NO:14), where the GnTII
catalytic domain is localized via the ManIl Golgi localization domain, leads
mainly to bisected, non-fucosylated and bisected, hybrid structures {note peaks at



-91- bound anti body variants was determ ned on aFACSCal i bur (BD Bi osci ence,
San Jose, CA) for living cells. 11. Conpl enent dependent cytotoxicity assay
102431 Target cells were counted, washed with PBS, resuspended in AlIMV
(I'nvitrogen) at | mllion cells per mM. 50 1 cells were plated per well in a
flat bottom 96 well plate. Antibody dilutions were prepared in AIMV and
added in 50 NI to the cells. Antibodies were allowed to bind to the cells
for 10 minutes at roomtenperature. gjuman serum conpl ement (Qui del) was
freshly thawed, diluted 3-fold with"AIMV and added in 50 | to the wells.
Rabbit conpl enent (Cedarl ane Laboratories) was prepared as described by the
manuf acturer,_dil o] .t.0 Al and added i.n..50 . to the wells. As
a control, c Ilgﬁ%ﬁjw’ ggggtﬂﬁfg%w\%&‘glgh aﬁéhgre B - 6nvr?it{r}1ﬂ’§tm PPhef ore addition
to the assay.GiTIE44 tdthe GrISanTHL Afsida (SBQ €D INGSI bateil 3),ahe RfanAt 37C. Kil ling

of cells was ermned b asur.i LDH rel ease. l.efly, the plates were
centrifuged aft 198 ‘ﬁasf%%e g(%meﬂt_m g‘% SV’Rg{‘?ﬁﬁé’lf ﬁ%‘?‘g"rﬂ’gpté?ecﬁél °0per e
transferred tRchyRRWaRbbidktdd, hydtidbBgridhafledicodpart AR pAspoaions 8agent fromthe
Cytotoxicity Kit (Roche) wer A kinetic neasurenent with the ELISA

dded.
reader det er rRcAEIVIERA/ 2053864 a@@ﬂ?@g‘éﬁ‘(ﬁtﬁ&e\kﬁt{dweﬁﬁa}lEi&ﬁc?e?n?li‘da"t)i on in the

super nat ant . RriRHidnE bEBS BisiaR, ndhehelsPlaRRe Fc Y pdshdeiiRich Rauihiie cells in
presence of 1 % Trition X-100. Results and Di scussi on_10245] @ ycoengi neered

versions of aferafheicxeesstynohihvapeleic pedy enseding widdstype GBHL &ivi i ¢ ant i body,
al so known asGﬁTﬁI!fEféiéﬁathth‘é@[a‘iﬂ%x@ﬁﬂ?@sﬂm%&@pm&ﬁﬁ@é%@,%l 4d3g94l tures of

manmal i an cells with vectors for expression of antibody genes and with
vectors for eggnedivglyoodiseqiednlisosaprharifienyers detecteddn Bomamadiiedeos- with GnTl I |
activity. An yngpdifiagehdapon- gl ycoengi neered) version ofthe same antibody
was produced by transfecting manmmalian cells only with the vector for
ant i body [0k exprhressessivg theTxpressionesfthe Manll-€allTIE fugoncopeyyet indbeul ture for at

peast  three fKseafithbie . qé@{o%me;%&ga%;}?@agﬁ,gséﬁbﬂqm&cg@!e puri fied

fromthe culture rmedi um y Protern A affti omat ogr ap Expr essi on of
genes -92- non-fucosylated oligosaccharides. This was demonstrated by expressing the
ManIl-GnTTI construct from a vector (pETR1519) with an OriP for episomal

replication in transfected HEK293-EBNA cells. This expression system is

known to lead to high levels of expression, and was also used for expression of
the antibody genes from vector pETR1520. The oligosaccharide profile from the
purified, unmodified (non-glycoengineered) antibody expressed at high levels in
this system is shown in Figure 5, which again shows the typical oligosaccharide
profile with non-bisected, fucosylated oligosaccharide peaks having 0, 1 and 2
galactose residues (e.g., compare Figs. 1 and 5 showing the similar
oligosaccharide profiles of the unmeodified antibody expressed in BHK cells or at
higher levels in HEK293-EBNA cells). Engineering the antibody producing cells
with the nucleic acid encoding the Man[I-GnTI 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
MALDIUTOF-MS neutral oligosaccharide profiles of PNGaseF- and of



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 digestion and were subsequently analyzed by MALDI JTOF-MS. Using
this technique, it is possible to dg} rmne the fraction of different

ol i gosaccharide species within the total original Fc-oligosaccharide

popul ation, and it is also possible to assign structures to different peaks

in the spectr Unan P .et Nat ,ur. ot echi,.z 7:176-.180(1999)).
[ 0247] FPguregyeg%%ﬁgh?ﬁ£mﬁ§ ﬁ@’mﬁﬁf'wggﬁ@h ?ﬁéa%ﬂ&éfﬁ%?39%}préfiIeé) from
the reconbi naaitibc@R8 pridhied CHZ OHEXIMIELEE lgliclenginbdriD by BuOUI®EY in  BHK

cells. These cells were transfe ted th a tlbO? exp essi o vector
PETRL502. Fi gOY@&SPEsEgn, Ao mieuy i‘ﬁ“ﬁ(@ %%’Pﬂ;“e%s ®he same

anti body ~ pr oabvw&dffaynthiy&ﬁehhﬁewmrmws%ew hybrib k@b orChdhs encodi ng
pol ypeptides with GhTII| activity, Thelégrofl le in Figure 2 results fromthe

use of a nucl Sicesyitedrompirxopmrhisestpd- dhe Jislsreatstmetpresshom %@Hleﬁ/%m vect or

PETRL166. Thergppahé {&hé&me%&uga&&&&%ﬂphﬁnéﬂ@wm yuse of a nucleic acid
encodi ng a fusion 'E‘W%l/etl onpri sing N-fermnus the localization

domai n of[0&8%¥1 fus @Wf@ﬂPNQﬁﬁ?FﬁﬂFa%Blﬁ‘FaWWéhﬂ%ﬁ?ﬁb’wslﬁﬁse@ﬂlll Thi s
fusion gene e&%&rﬁmcﬁ{.@%meﬁéﬁgjorﬁ&@gm%&m lded b Figure 4

results fromthe use of nucl el c acrd ~ enco usi on pol ypeptide

conpri si ng at 1449dFiguresiBY; Pheglifferrace eomaspondtp &g ma@-b?fal Glchbho et _
a- mannosi dasehk n{cNRsh hhdvdSEfiol Carnb ol &IE %e%&h%leﬂﬂ}é@b%o?#chaﬁ&@ I1. This

f usi 6n gene was expressed from vector pEIRL50 he unnodi fied
anti body has &"hwryfptﬂzﬂ'ler@ﬂlﬂg@d@%@ﬁél@@eﬁ%b@ﬁﬂ%ﬂ(ﬁ%ﬁnon)ﬁlcosmheﬂa peaks at mz

rati os of 148ﬁ éljd%éc g@égﬂwﬂ&a Sg&ggH%%gﬁ%wth bi ant ennary,

core-fucosyl ate conp gos Rari des , 1- and 2- gal act ose
resi dues, (028§ pect |®@bwea1$|thﬁtbcaﬂdh§ﬁﬁisnb‘é® cemplex enlpletidbisected@ydges. r egi on

ol i gosacchar i dgs, pf s 0l Bl thn GhARkp Rk S ORA0HEEdnbl Ot her”

standard
assigned to the fucosylated hybrid bisected type. The subtraction of one GlcNAc

and one fircose (from the core a-1,6 fucosylated, reducing-end GlcNAc residue)
residue from the m/z 1810 peak generates a structure of m/z 1460. Atm/z 1502,
disappearance of this peak by EndoH digestion (GlcNAc residue eliminated) and
the appearance of a peak at m/z 1298, demonstrate that the 1502 peak can be
assigned to a non-fucosylated hybrid bisected type. At m/z 1647, the
disappearance of the peak after EndoH digestion demonstrates that this peak is a
fucosylated hybrid bisected structure. The removal of one GicNAc and one
fucose residue generates a structure of m/z 1298. The peak at m/z 1826, a non-
fucosylated hybrid bisected type, was digested by EndoH. This generated a
structure with m/z 1622. The peak at m/z 1053 after EndoH digestion can be
assigned to the high mannose type (1257 m/z), digested by EndoH. The peak at
n/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 GlcNAc, 60% of which are non-

_ fucosylated hybrid bisected structures, 22% fucosylated hybrid bisected and 6%
fucosylated complex bisected oligosaccharide structures.



manmal i an, industrial cell lines such as CHO and nouse nyel oma cells
(Lifely, -93- MR et at, dycobiology 5:813-822 (1995)). Engi neering of the
anti body producing cells by expression ofwild-type G1TlIl leads mainly to
bi sected, core- fucosyl ated, conplex biantennary oligosaccharides (Fig. 2),
with peaks at mz ratios of 1689, 1851 and 2014 being the bisected
counterparts ofthenon-bisected, fucosylated oligosaccharide peaks found in
t he unnodi fied anti body. Engineering.of the antibody-producing cells by
expression of a nucleic acid encoding a G1Tl-G1Tll1 fusion polypeptide,
where the GhTlI |l catalytic domain is localized via the G1Tl Col gi

| ocal i zati on I Py - .Aly to bisected conplex biantennary

ol i gosacchari glgeig%( E%?% pea %E%gst? 2{31689 and 1851 in Fig._} 3). However,
relative to ﬁhe \‘Pnld type Gn'l_'II ,_use pf a GnTl-GnTIlI1 fusion leads to an
i ncrease in )i‘E’édteEPSSI%n Y5y | Exp riehsssved d ReE™ hysveaest r uct ur es
(conpare the prop)orsF?B’ng E;ga%er o1 .2 zc]{‘H 1654, 11810, 1826 and 1973,

relative to the—tfrotal—between FgST—Zatftt—S ) 1The jylllllto;o of bisected,
non- fucosyl :Ti;zg@l h&E Et ed, hybpkd ptriggs urles 11 et SashdsOn t he
conpetition, |for Tl - nogli fi edjol i goshcchari de subsgf#at es, between the
recombi nant Gn. TI[I'T- catalytic fomain gnd (i) {the endogenous cor e,

al, 6- fucosyl | 15ehgNerfasebrid | | ¥ Gpl §P8oral mattadsi|dade INon(fMalnbri and (iii)
GnTl 1, since|oncabisredori gbsacchhri % i 5 nodi fli ed wi lﬁ"t%{‘(bf%qcti ng G cNAc
added via a GnTI Ico;g]“oi}alwed reaction,}these |three}ot her enzymes can no
| onger act t¢rogrty—the—pi-sected—oHgpsacchar |mcs —Fhereforfe bl ocking

action of Mnsly Byucagdiat i pn of { heobdrSpct i8¢ C:chNAc Bl 3oorigef flecti vel y bl ocks
GnTU, since (Tl fvigekds downstreamied7 Manl | -1 n |t he N{bisetidgths) Ol | gosacchari de

bi osilnt heti c |pat hwdye. Thel peaks}at m z} 1664 and 1826 are non-} fucosyl at ed,
whereas t he Ipal(<°°§321°’?r{7 1810 ahd 1973l are fu ncyl;aj ed_ End gl ycosi dase

di gesti on, )| an. dj ngui sh ween I &
ol i gosacchari kgg Eﬁgﬁigﬁ s us‘i%(5 “th cd‘ﬁ‘? rm ?‘ﬂ ﬁ@i‘%@ﬁ%‘i ease in these
peaks is dug tolgsdiCrepse injithe prpportion of Fc-attach bi sect ed,

non-fucosyl atjed E.&d]ple)bi sected, hybrid pligosadcharides (see bel ow). [0249]

In contrast tfjo the other {nTIlI|activity-encodi ng niiclelc acijds used here,
engi neeri ng 0f63% HBcasmplipody - pr oguciobly tel 1682 by expr ¢Bsi @mpied |a nucl eic acid
bisected bisected (3%)
1810 |Fuc. hybrid 15 1460 or 1460 60 |Fuc. hybrid
bisected bisected (13%)
or 1810 1810 2 and Fuc,
Fuc. complex complex (2%)
1826 [Non-fuc. hybrid 4 1622 1622 7 {Non-fuc. hybrid
bisected 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 mol fraction in %):

a) Peaks at m/z 1502 and 1647: 7 + 7% = 14% (expected). EndoH digestion for both
peaks generates m/z 1208 (obtained 13% after EndoH)

b) Peaks at m/'z 1664 and 1810: 49 + 13 % = 62%. EndoH generates m/z 1460 {obtained

60%)
c) Peaks at m/z 1826 and 1972: 4+ 3% = 7%. EndoH generates m/z 1622 (7%)
Summary. Total relative percentage of shructures

bearing a bisecting GlcNAc: 88%

Non-fucosylated hybrid bisected: 60%

Fucosylated hybrid bisected: 22%

Fucosylated complex bisected: 6%



encoding a Manll-GTl Il fusion polypeptide (SEQ ID NGO 14), where the GTlI|
catalytic domain is localized via the Mani Gol gi | ocalization donain, |eads
mai nly to bisected, non-fucosyl ated and bi sected, hybrid structures (note
peaks at -94- mlz 1664 1910, 1826 and 1973 in Fig. 4). Therefore, relative
to the wild-type GITIII and to the GhTI-GnhTlI I fusion (SEQ I D NOS: 12 and
13), the Manll- GTlIII fusion was nore efficient in the synthesis of
Fc-attached bisected, non- fucosyl ated, and bi sected, hybrid oligosaccharides
(conpare the proportions of peaks with mz of 1664 and 1810 relative to the
total between Figs. 2, 3 and 4). The proportions of the bisected,

non-fuco ed Fc-oligosaccharides resulti fromth ression of the
nucl ei ¢ jﬁ#@i enco@%@'?qxﬂ t—“‘t@}%‘ &eﬂ ISF“‘YHQ"QG‘FPI &eéﬁ\“fé’rl"?% on and the
Mani - GTI T fH@r@d@ioﬁ@ﬁcﬂh@ﬁﬁdﬂlﬁtI@B&lﬁhﬁbmﬁomli%thaﬁi@dsea%fgpﬂm' vely. No

bi sected oligosaccharides were detected in the unnpdified (non- engi neered)

anti body. [ 0258pIylio dPmas ith et Grlsie infiuencs it competiten fop (TErppdifieds usi on
construct in bhgsa@RindlesbinREdeRebfle fe8dhindn B iR-chilf it @maiding €ases in the

proportion of bisected, non-fucosylated oligosaccharides. This was
denonstrat ed ke edpgesoes enge oAS-fuoasyitrans@nar] Odandd rapd tGofllo pnzymezct or

(pETR1519) Wi tJ; i B ' . i cali Of i ed HEK293- EBNA
ol o, Thi s criptibisiol 80,8 AR GSPUnRBULS Raddh bRARSISRL 0,
expressi on, aefl bisegeda bgbriduaedbifeoted exqur foswylated eligosadvbarades iabd thyagenes from

vector pETRI 520. Th | i ride. profile fr urj fi.ed, unnodified
(non-gl ycoeng?%nézg?%%r)qr%ﬁ%tlgggg@gfég%srogglssgc ar F’bﬁglmes%'fdsﬁl?c’nsyfa{eﬁi S systemis

shown i n Fi guoBgdacchirideh dbiaiwes showstddheetigysiycht thel wiibbgpe chdlliide profile
w t h _non- bi secgt.e u t ol,i ) j ks havi 0, 1 and 2
gal adt ose res ;ﬁgﬁg%a’ %‘ee;?‘(f:;'.’ ?GG%BE%%‘F% ”géjg@%?ﬁgﬂgs%j) g’%&v’ﬁsﬁg‘e ?@%“%‘Fm | ar
ol i gosacchar i tesipilaf bveesll zhelt bE bisemaidoigogdctaritsshdytizingpthe eddllli N BHK cel | s
or at higher levels in H 3-.EBNA | | i neer.i.ng e
anti bodypr oduéftﬁé’g%‘zﬂ“f%““gﬁ%ﬁ“?ﬁ’éV}ﬁfﬁﬁe%i“@i@&ﬁ%g‘gﬁ o "gle%l%em%ﬁnl l-anTl |
fusi on expr eseffectiad cdihgptiesn, rélaive ksthi Rvildhme GRS the Gnld-nicdiiegpr oduct i on of
ant i bodi es Wne[i,e thgﬂr@j ri t%s of, t&g c-oli osacg ari des re bisected,
non- f ucosyl at 848°&E 5'3’(5'%‘“ 2E3P g endpgenops G < henRopEy PHf%ed hybrid
ol i gosacchari dempeal Sntll efdyfked. 664 and 1826
[0255] The higher efficiency of the GnTI-GnTII fusion, compared to wild-type
GnTI, for the synthesis of bisected, hybrid and bisected, non-fucosylated
oligosaccharides can be explained by an earlier Golgi distribution, in the cis-to-

n

trans direction of glycoprotein substrate transport, of GnTI relative to GnTIIL
The fine Golgi distributions of GnTI and ManIl have been determined previously
by quantitative immunoelectron microscopy (Rabouille, C. et al. J. Cell Sci.
} 108:1617-27 (1995)). Both enzymes co-disiribute along the Golgi, being
localized mainly in the medial and trans cisternae of the Golgi stack, with a
higher levels in the medial relative to the trans cisternae. The fine quantitative
spatial distributions of core a1,6-fucosyltransferase, GnTII and wild-type GnTTH
have not yet been determined. The above however does not explain why the
ManII-GnTTII 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 Manll have identical spatial distributions

along the Golgi subcompartments.
[0256] The higher efficiency of the ManII-GnTIII fusion indicates the existence
of relatively organized functional glycosylation reaction subcompartments within



t oget her constitute over 90% of the total oligosaccharides). [02511 As
nment i oned above, endogl ycosi dase H (EndoH) was used to confirm the

assi gnment of bisected non-fucosyl ated and bi sected, hybrid structures to
the different oligosaccharide peaks observed in the MALDI profiles. The
MALDI / TOF- M5 neutral oligosaccharide profiles of PNGaseF- and of -95-
PNGaseF+EndoH- di gested gl ycans derived froman anti-CD20 chineric |gGL
anti body, produced by HEK293 cells g%gpoengineered by GaTI I (M)

over expression, are shown in Figure 7. The peak at mz 1664 can be assigned
to two different glycans, nanely non-fucosyl ated hybrid-bi sected or non-

fucosyl ated corfih&ty R BlRel 8o HIS 0Ll ELERALENSLIAR Show the sare

mz ratio due € sa nonosacc de conpositron i'gure 8B). [0252]
The di gesti oralidd trhediNEsds effyoosilatias etzyphest a@GsTIMGRATIENd OfbyIE @sd dase H

generates new structures,. W.th the major., peak bei shifted frommz 1664 to
14apd( Fi gu re %V:H i"n;g“fHﬂﬁﬁﬁﬂ%%@ﬁ%i&@%%@gwﬁf@ G cac

resi aue. theElBt Al do all SR M to ok pMEof these COHPIeLSS, L ype

ol i gosacchari des. ];h refore, tgg ]‘rerglllqo @@&%16 4 can be assigned to
t he non- f ucodf ¥PWy eﬁl‘?ﬁ?'q:‘ opihe Rt t@‘b]gle B yEBSi¥se H di gestion.
10253] O her gpeRKeecéhibihart GHTU GREIR &Siof Ed nbtOle&OBIiglacarhedtBkied bi sect ed
glycans. At m z 1810;_ after EndoH digestion, the p?éalf di sappeared so the

structures c&Rdqggnougadld T4 enzprme {Q Ay SYtentsigntigent i the HrleRt &y type. The

subtracti on Ql-olgEsabeHaiis, sirkB Al GEIcUED6Ls (el 86k Il & SR @itpofthed f ucosyl at ed,
reduci ng-end GLcNAc residue) resjdue fromthe mz 1810 peak generates a

structure of 9ipgsaqehppdes kemngmodifiehboth byGakiand ST HE eeaghions.ni s peak by EndoH

di gefti o[2§%L c NAC Oueitshiv@icfbd that B3 VREE oAREMaATI R ARRBAUSNSR, a¥erd Peak at nl z
1298; denonstrate that the 1502 peak can be .assigned to a _non fucosyl ated

hybri d bi sectiiRstipyal gairipg ogeyirs betwaen the qatelytig dempneef thesadogerous Halloeak after
EndoH di gest i,a8 alerRbmbinah MantGH TITusion € Dt gdnfred paitiHgOsybige hybri d

bi sected structure. The renoval of one GLcNAc and one fucose residue
gener at es a $etelygingsubsgquentroactionsdn a Yiegynihetig pateways in apgpyghat faven-  f ucosyl at ed

hybrid bi sectiggsstyitehe poimcirdRTha tbabiionh B3 seconMiataI RN Al  StTuCture
with mz 1622. The peak at mz 1053 after EndoH digestion can be
iffusion of such product away from the enzymes, is known to occur in other

biosynthetic pathways such as glycolysis and polyketide biosynthesis. GnTI and
Manll have been reported to form “kin oligomers”, at least when relocalizing one
of these enzymes to the endoplasmic reticujum (Nilsson, T. et al. EMBOJ. 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
GnTII. We have also identified that these residues are conserved across species.
Although it has been suggested that these residues are not essential for
incorporation into the high molecular weight complexes formed by the enzymes
or even for Golgi localization (Opat, A.S. et al. J. Biol. Chem. 275(16):11836-45
(2000)), it is possible that they are involved in a finer pairing of the catalytic
domains during oligosaccharide biosynthesis. Such pairing does not need to be

irreversible, but can be mediated by transient, dynamic interactions between the



assigned to the high mannose type (1257 m'z), digested by EndoH The peak at
mz 1689 (conpl ex bisected) was not affected by EndoH di gestion, as

expected. |In synthesis, fromthe data obtained in Table 1, we concl ude that
88% of the oligosaccharide structures carry a bisecting G cNAc, 60% of

whi ch are non- fucosyl ated hybrid bisected structures, 22% fucosyl ated
hybrid bi sected and 6% fucosyl ated conpl ex bi sected ol i gosacchari de
structures. -96- Table 1. digosacchawi de assignments niz Possible Relative%
Expect ed Cbserved Rel ative/ Assignnment structures before mz mz after
EndoH after Endo after EndoH EndoH 1256 Hi gh mannose 9 1053 1053 11 High

mannose (9% Q@Th&@hf)ﬂ&beﬁ&'&ﬁdnﬂlgete%ﬁ%tgfor%g%ﬁemeﬁ’iﬁe hybri d
bi sected or - bisected (7% rrg 1647 Fuc. hybrid 7 1298
&P

or 1298 13 Fu&temwyba&alﬂm@sl%cﬁ@ue%mmnmbyé safic GaFEMenll conpl ex 1664

Non-fuc. hyb ﬂ”"‘?\’g argp‘g 1664 -
bi sect ed (490/§ ﬁ%ﬁlﬁﬂegé:t%lrrp ex éggg oul@é%c{sﬂ:)r(xtgé %%%89 5 Fuc.
conpl ex bi sebision berring dtedih T3 patalgticoddmain. hybrid 15 1460 or 1460 60 Fuc.

hybrid ?%ﬁft ed 3386 §% (38 mor@fate Sbaddd bl bobifent Edffitar COMP! €X

conpl ex
cytotoxicity (ADCC) resulting from overexpression in the antibody-producing

cells of a nucleic acid encoding a polypeptide with GnTIII activity that is
localized to the Golgi via different localization domains. Increased ADCC
resulting from expression of recombinant polypeptide with GnTTII activity and

) localized to the Golgi via the GnTI Golgi localization domain is shown in Fig. 9.
The oligosaccharide profile of the control antibody used for the ADCC assay of
Figure 9 is shown in Fig. 1. The oligosaccharide profile of the glycoengineered
antibody used for the ADCC assay of Figure 9 is shown in Fig. 3. Increased
ADCC resulting from expression of recombinant polypeptide with GnTIII
activity and localized to the Golgi via a glycosidase, Manll, Golgi localization
domain is shown in Fig. 10. The oligosaccharide profile of the control antibody
used for the ADCC assay of Figure 10 is shown in Fig. 5. The oligosaccharide
profile of the glycoengineered antibody used for the ADCC assay of Figure 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 ManlI Golgi localization domain leads to
increased ADCC activity relative to the use of the wild-type GnTIH polypeptide
with its own GaTII Golgt 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 GnTTII activity,
localized to the Golgi via the ManlI localization domain, and used for the ADCC
assay of Figure 11, is shown in Fig. 4. These data also show that antibodies with ’
bisected oligosaccharides, including bisected, hybrid and bisected, 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



1826 Non-fuc. hybrid 4 1622 1622 7 Non-fuc. hybrid bisected bisected (4%
1851 Fuc. conplex 3 1851 1851 2 Fuc. conplex bisected bisected (3% 1972
Fuc. hybrid 3 1622 1622 7 Fuc. hybrid bisected bisected (3% Mass bal ances
(in ol fraction in %: a) Peaks at mz 1502 and 1647: 7 + 7% =14%
(expected). EndoH digestion for both peaks generates mz 1298 (obtained 13%
after EndoH) b) Peaks at nfz 1664 and 1810: 49+ 13 % 62% EndoH generates
mz 1460 (obtained 60% c) Peaks at 6612 1826 and 1972: 4+ 3% 7% EndoH
generates nmlz 1622 (7% Sunmmary. To} al relative percentage of structures
bearing a bisecting GlcNAc: 88% Non-fucosyl ated hybri d bisected: 60%
Fucosyl at ed hyb ct ed: % cosyl.ate 6% - 97-
[0254] The abiBv dég)ﬁf ﬁ E‘;J ﬁg’t Wicfiwf of GTlII
expressi on aﬂﬂlgbﬁlﬁcﬁ%ﬁ&ésl A&linazﬁhohéd?@%haﬁly, as diqmﬁoﬁbappepﬁdmaﬁ to target the
GnTIll  catalytic donmain to influence the conpetition for

T ol 1 oGO saHariae i (R St via e bsnl erl e s GOBBB B ant

GnTl 1| -catal yhi ﬁmﬁ@éfﬁém@ﬂdhesmeuﬁmﬁmﬁeme@ Bfs6etadl olfppiad@anydst r ansf erase,
(Manl1) and GnTl |l enzynes. gher expression of G1TIllI favors it in this

conpetition, ang&ig-dgs Wsﬁhﬁﬁ@bc’ﬁléﬁlmt% mcgspsep jleyglstoé thesaBisseieds i9RW bi sect ed,
non-  ucosy| atﬁ@os?ﬂa{a%ﬁfo%&‘daﬁ&‘idg@a?eﬁ&@ﬁéﬁﬁeﬁam&%\éﬁ@ﬁuﬂo&%&ﬁm on of the

| evel s of bisectéed conplex and bisec fucosylated oligosaccharides. This

was al so not eewprlevaloefdhsse pligosacnkaridps. dhe APECRFINIEY intrsasencorplatest al .
Nat Bi ot 9 t i
ur eBi ot echggl ; c%%sgé&%l&ggﬁ gc)n)-fu%%?lﬁtgg Bﬂgﬁwcﬁ%dgtﬁ'a!:t?oﬂ% o sinilar

overall levels o ected oligosacchari I'zing the GhTl I
catal yti c donthe Fec-ssseriatedoligosErcharidepiopulstina, audiidres ineradsesare feemwhiormi ns | ed to
mor e) this fraction is higher than 15 to 20%.

[0260] Natural killer (NK) cells are known to be important mediators of ADCC.

These cells carry on their surface the activating Fcgamnma receptor ITIA, also
known as CD16a. Binding of the Fc region, of the target-cell bound antibodies,
to FegammaRITIA receptors on NK cells is essential for crosslinking of these
receptors on the NK cell and subsequent induction of ADCC. Therefore it is
important to evaluate the binding of the antibodies produced by the methods
described here to Fc receptors, in particular to receptors in the native form in
which the human immune effector cells display them. Figure 12 demonstrates
that glycoengineered antibodies produced by expression in the antibody
producing cells of a nucleic acid encoding a fusion polypeptide with GnTIO
activity have increased binding affinity to the human activating Fc receptor
FegammaRIITA. 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 FcgammaR1lc 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 FegammaRIIIA
receptor. Fig. 13 shows that the binding assay measures specific binding affinity
to this receptor. This is shown by competition with 2 FcgammaRITI-specific
blocking antibody fragment (3G8 Fab2-fragment).



effective conpetition, relative to the wild-type GTIII, for the

GnTl-nodi fied oligosaccharide substrates agai nst the endogenous core

al , 6-fucosyltransferase, Manll and GhTll enzynes. [0255] The hi gher
efficiency ofthe G1Tl-GhTRI fusion, conpared to wild-type G1TM for the
synt hesi s of bisected, hybrid and bi sected, non-fucosyl ated

ol i gosacchari des can be explained by an earlier Golgi distribution, in the
cis-to- trans direction of gl ycoprotgd n substrate transport, of GnTI
relative to GnTlI1. The fine Golgi "diStributions of G1TlI and Manl|l have
been determ ned previously by quantitative immunoel ectron m croscopy
(Raboui | | C. et 108: 1617-27_(1995) Bot h enzynes
co-distr r[‘ﬁﬁye al or$§°P$1EV1é§5’P§Pf'§5€F%t °fI°B%a§F?dz%dF°§?B %IP‘?F ®fee nedi al and
trans cisternagcogfe dffagt Gﬁﬁcﬁ'anﬁﬁo%?'ﬂmdﬁ}ﬂc&n@s frdth ﬂ{e%nmﬁ&i $ounf it he nedi al
relative to the trans cisternae I ne quantitative spatial

di st ri but i onsy@phaoses patignts soeiviag siprimahnketwsen sHicagyad theiomazyaens ype GnTl | |
have not yet r aRITRAE e@éﬂ?df art%he tye in why the
Manl | - GnTI | | 1?%%?8%&?@ FE gﬁlﬁf | can{l y n‘ggreg e f?iél ent SG'E %nlt%@)‘%ﬂl -GnTl
fusion for t%)wmmm@) ofhipwesthe sitgle pypmetdr ford tsi eomelatedviton- f ucosyl at ed

i h ‘q,géjl, tial

gl Is?(rjlsgﬁfl g:ll al ong tﬁ E%ot{}g%g&gg%ﬁ%%{rﬁ@n%erﬁvﬁfﬂ@g%%df%@e ﬁ?ghle? ef ficiency
of the Man I -1GPPhses. Ingeingsd effredéyodve ésenhinsedRimnenB81A d igtradtiopel y or gani zed
functional gl 4683 4Ll AESACKh A HASATRALIBDIS ik Lienand St e Physi cal

subcorrpartrrents of the ne I'gl ¢ Sternae e so- called
"nmedi al - Gol gi mgih«}dﬂ@@hrakhl&m(l@ﬁ)mpﬂﬁsiaqmphaﬁs m@moEytes enddiendmiickellsr e  bel i eved to

exi st in the §ama| 5 a‘mng(ﬁu{g g&ﬁ&%ﬁ&% p&}}hﬁx mwﬁ&e’ le t he

| ocali zati on e-enzymnes or m par onpl exes,
this would beanﬁrmmnsm cﬁmleactﬂq@uﬁbrfbulyamUyﬁbéa‘WAdtheﬁweﬂtdbﬂh@ns Expression

of the reconb T d [ acenent of the
endogenous WI ‘{%‘/pe q&eﬂﬂ%ﬁ?‘a hg&glﬁ@n "“’?)gfx’iai‘m% #@. %5?‘1?6 T the synt hesi s
of Fc-oli gosémhe%‘(HSBppI sﬂ)rﬂeﬁb(m)m), @niigdrbnm;\.ﬁtﬂmﬂi&dui;mnﬁmb led to
amgj ority oft ein i fied.both Tl and G1TlI |
reacti ons. @g% apagtaﬁ oﬁlﬁl 8%?@?%?%5@’?&5?0\%0?‘? Wﬁ’ﬁi PhnE
| ocal i zat i on daumirtiunod 161(613026-32(1998), Reff, M.E. and Heard, C. Crit Rev Oncol

Hematol. 40(1):25-35(2001)) and to cytokine release in the vicinity of fumor ceils

(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 bly deprivation of oxygen and nutrients, and to
enhanced tumor antigen presentation as part of an active T-cell medjated 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 Jead
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, J.V. J Exp. Med
195(12):1653-1659(2002), Selenko, N. e. al. J. Clin. Immunol. 22(3):124-
130(2002)). Cross-linking of target-cell bound antibodies by Fc receptors on
immune effector cells can also lead to increased direct killing of the target 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.



functional pairing occurs between the catal ytic domains of the endogenous
GnTl  and the reconbinant Man]I-GaTl I fusion. O gani zed pairings of enzynes
catal yzi ng subsequent reactions in a biosynthetic pathway, in a way that
favors transfer of the product of the first reaction to the second
catalytic site relative to diffusion of such product away fromthe enzynes,
is known to occur in other biosynthetic pathways such as glycolysis and

pol yketi de biosynthesis. G1TlI and Mani have been reported to form"kin

ol i gomers", at |east when relocalizi¥g-one ofthese enzynes to the
endoplasm c reticulum (NiIsson, T. et at. EA BQJ. 13(3). 562-74 (1994)). A
pair of charged am no acid residues in each of the stem regions of these
two enzynmes wWaE)RHANA0A), CregmM.Biatal Hlapd 101(BE1MF1002Q00M).t0all.  The resi dues
in GTl were of op h ose of entified
simlar residuas L"m% |\5°§I gﬁsgﬁ%cgnsta?é‘ﬁgosg?ss Lcéht‘zgﬁgr%ﬁa%n%gof t he ot her
CGol gi gl ycos;oh&ieir@mfﬁazyﬁmsthewpés\oecbus mhetabm\&nmﬁcgmmnhslﬁdedenmked

ol i gosaccharid bi tic pathwg nanel re al | t ransferase
(same char ge§° ‘@%*I‘% PH@F&%HO%?“‘%%%%WBM 8&“&3‘@%& he case of
Manll ), Maul eﬁeaorf@tﬁbﬂsres‘ﬁﬂsﬂ@ﬁ&padlmbhld@ﬁbfﬁmﬁvith@bvéeryeSI dues are
conserved acrpss species. Although it has been suggested that these

resi dues are SHB#%essential for i ncorporation into the high nol ecul ar wei ght

c;)nrplt egem%m[ nrec(ﬂ:h hsmgmm??ﬁgf(ﬁea%%mt OOS%Hﬁﬂgtlﬂ sareadnie:f@fﬂ't)elon ghqo?t ; hA. S.
et a I O eril. | 1.S 0SSl e a ey
are invol ved @%Vaﬁnﬁmprﬁéﬁlﬂ%?ﬁ’d g‘F“’th% 6’5@&‘1‘%‘%‘@ & eﬁ Wi ng

ol i gosacchar hﬂgor&hqswﬂeaeﬁmﬁcnoﬁye@nmﬁfmﬁnﬂﬂ@&m&mﬁm@m selige

irreversible ut. can be nedjated by transient, dypam c. inter ‘acti ons between
t he £99- enz?ﬁe@‘l’ laipsd o ul Mopeveradhe insrrares Bt BRmgaptdeved PYpairing

el sewher e i n ghfaBenghil Eﬁﬁﬂg%e%ﬁbd@y‘ré‘% r@gélﬁﬁ’thel'ﬁ@tﬁ@dé%scrﬁed/h&&@ie“ bution to a

specific GTl-Manl'l  parking fromthe catal ytic domain of Mani would be | ost
in the recontfngsater thﬁllj'stil‘b?? eayedrahiplly fop theihomoayesps bigkerpdiitn. [ 0258]
Figures 9 togl t E&oBypk NFARARRNN bR - deReRfeMm&Rhidaul ar
cytotoxicity ( resul t| rom overexpression in the antibody-producing
cells of a n@é‘lﬂéidbf(lﬁéll@f’é‘ﬁ@t@ghﬁ}’fga]éeaﬂbp‘iﬁﬁéiﬁ?@ﬁédwﬂ!ﬁcﬁﬂﬁ%@@@qwl ty that is

| ocalized to owtgl_g;g&glm&gogwgtégr@(;n?@ r';:?%a‘d@?(%b.%‘h gmﬁ‘s | ncreased ADCC

[0263] The binding domain of the activating FogammaRIIIB receptor is almost

identical to that of the FegammaRTITA. Therefore, the above data also indicates

that glycoengineered antibodies described here can lead to increased effector

functions mediated by effector cells displaying the FogammaRIIIB, such as

polymorphonuclear (PMN) cells, 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, I.V. and
Bofland S. Annu. Rev. hinmunol. 19:275-90 (2601)). ~

[0264] Figure 18 shows the oligosaccharide profile of an anti-CD20 antibody

produced from BHK. cells growing in suspension and engineered for constitutive,

high-level expression of both the recombinant antibody and a fusion polypeptide

with GnTIII activity. The oligosaccharide profile shows increased levels of

bisected non-fucosylated and bisected hybrid oligosaccharides for the antibody

from the cells engineered with the fusion GnTIII (see Table 2 also). These

structures are not found in non-glycoengineered antibodies produced by non-

glycoengineered BHK cells (see Fig. 1). The engineered cells expressing the



resulting from expression of reconbi nant polypeptide with GTIIl activity
and localized to the Golgi via the G1Tl Golgi |ocalization domain is shown
in Fig. 9. The oligosaccharide profile of the control antibody used for the
ADCC assay of Figure 9 is shown in Fig. 1. The oligosaccharide profile of

t he gl ycoengi neered antibody used for the ADCC assay of Figure 9 is shown
in Fig. 3. Increased ADCC resulting from expression of reconbi nant

pol ypepti.de with GhTIIl activity aﬂg_jocalized to the Golgi via a

gl ycosi dase, Manll, CGolgi localization domain is shown in Fig. 10. The
ol i gosaccharide profile of the control antibody wused for the ADCC assay of

Figure 10 is i.n Fi.g.. 5. The oligosaccharide .profil f the

gl ycoengi neer%ﬁl%aﬁﬂ?gcfl%gl PRETABFUSRDOSOD 20¢ 5900 AP b“%@f is shown in
Fig. 6. [025%}oedubtiyityll shows that expression of a recombi nant pol ypeptide
with GT) | actiyjty and localiz tg the Golgi_via a Man]l Gol gi

| ocal i zalltn?%)srl domﬁp%@ﬁwe{cgntagqﬁ@? §§@S%®b&§da%ﬁﬁ% ﬁif"f"”éﬂ‘%ﬁﬂe\‘}e to the use of
the wil d-typendaddibral apolip Riduéld byt Rtable BIONN 56307911 c&Bpligd adeOcal i zati on
dormai n. The oligosaccharide profile of the antibody glycoengi neered by

expr essi on ofrepaielingaednTi |1 and used for the ADCC assay of Figure 11, is
shown in Fig. 2. The oligosaccharide profile of the glycoengi neered by

expression of the fusion polypeptide with GhTlIIl activit | ocalized to the
Gol gi via t hdakgdiRelptie Rricenizcnof thoprakyobiaiged by SEALPYFOFMS.ADCC  assay
of Figure 11, is showyf T Fig. # These gata atso siow that anti bodies with

bi sected ol i gosaccharji des, inc|ugdiRemk) $acisidpeldsiiptfd and bi sected, non-
flicosyl ated ol i gosacchiarides, [trave TTicreased- ADCC—agtivity conpared to

antibodies with conplex, fiucosyl atggdy n¢n-bi ggefed ol i gosaccharides. It
should be noted that[art—otrthe birsected orfgosacchpri des of the nore
active antibody used {1002 in {he QHgEC assay 2afy, Fi g. ] 10 are bi sected,

non- f ucosyl at ed hybri ol rgospccharrdey.” As menti oned previously, use of
the fusion polypeptide witsh GhTM mati vilty angel ocal | zed to the Golgi via
t he Manl | Iocalizatiﬂn domat n | éads fhﬁ nore efticrpnt synthesis of the
non-fucosyl at ed, bi selct ed 4ol i gpsacwbari des, 22anoek Figl 11 shows that

anti bodies with increfased ['evels of thege bisected, pon- facosyl ated

ol i gosaccharides are |horesactiye i 88ADCE rel atsiwe to anti bodies with

6 1689 48 %
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



| ower | evels of these oligosaccharides. The ADCC activity increases
correlate wth increases in this bisected, non-fucosyl ated ol i gosacchari de
fraction within the Fc-associated oligosaccharide popul ation, and | arge

i ncreases are seen when this fraction is higher than 15 to 20% (0260]
Natural killer (NK) cells are known to be inportant nedi ators of ADCC.
These cells carry on their surface the activating Fcgamma receptor MA, al so
known as CDl6a. Binding of the Fc rg@d of the target-cell bound
antibodies, to FcgammaR || A receptors on NK cells is essential for
crossllnklng of these receptors on the NK cell and subsequent induction of

ADCC. Ther ef ortant. to eval uate the. bindi of .t he anti bodi es
produced by gﬂﬁ’%‘?ﬁ%ﬁ@* ﬁmt%?étg@e@? F@E’ﬁ%ﬁ')?@gel}y{:im%art icular to
receptors i nbikdeednghé (Bl e9)M Fip. 20hheds tﬂaﬁaéwnﬁﬁumgnﬁﬁﬁﬂyes‘fftg@t or cells
di splay them_ Figure 12 denpnstrates that _géécoengl neered anti bodi es

produced by B¥fpeBEEsesH JuibedyePaAiced By {he Bl gall lneoto the nycl ei ¢ aci d
encoding a fabav%gmkeesﬁ&tycgﬁnmm@ﬂm&anﬁmaw &t hRy Rgmﬁlgﬁxﬁased bi ndi ng
affinity to the human activating Fc receptor Feganma | A~ As nentioned
above for th@lsm@enM%onatﬁ&@estam%@eﬁlwfb%%m%¢w@@@m evel s of

bi sected, no @l Sy &g)ag. ] SecliBalodti@ol b QM t he expression
in the anti btgam%rg?élum hg ce I S %f m%h%%sfiln&tgoﬁﬁep{?%%ﬁe wth GhTM
activity. Th@mkdee%lllsglgmdﬁrﬁmlkm@emsmyﬂmq thefghspengingoingrcatbf a genot ype

t hat does n LESid r Il's (Metes, D.
et al. J. obe E%ﬂ Met hehg 558%1 %’é@’g fgﬁ&? %ﬂg‘%ﬁere o%]g@t he only Fc

r ecept or on eomiaining the grtibefly gmefbieilﬂtrsduplslgtth?eﬂna dy\egedsijo FeghnmaRi | 1 A

r ecept or. Fi fin

le fic bindin
af f i)ni ty to tehcl%s re \g%f%lgi% %éhggh‘gﬁwﬁq%% é’ﬁlorrpleeét P%Oﬁg%h%\%%?h )
FcganmmaRM s pbas™}, pcby ibtrestuking Qwamlboﬂmfyl Gn T3 ﬁsm geest thagsmettimggrent ) . _101-

[0261] 9(6%69[;9 eV'AlFEEtFCB Ogﬁﬁao'd?'ﬁ:?o(&hce(afm%@ﬁ?@@?&egﬁ fEPB pf actions on the

out cone nti-tunor erapy comnes the ¢ rrel ation, found in
| ynmphoma pat e:@rﬁssondcﬂmnnphgamdmmdmgbﬁlﬂbapamnwwmmu he hormzygous

hi gher-affi t at Bl ood
00(3) - 754 & FONRNFAHRE Cel LTl AR ot H R AE, T a0 wi 1 a

complement mediated lysis (CML), a different effector functlon 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 LE. et al Br J
Huaematol. 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 GnTHI fusion polypeptide at an intermediate expression level that leads to
intermediate levels of bisected hybrid non-fucosylated oligosaccharides (higher
than 15%), but with a significant fraction of complex oligosaccharides within the
Fc oligosaccharide population of the glycoengineered antibody. Such complex
oh'gosaccharidés ‘are associated with normal, not reduced, levels of CML.
Therefore the data indicates that antibodies with increased ADCC can be



vast|ly enhanced objective response rate and increased proportion of

nol ecul ar responses. Increased efficacy due to enhanced FcgammaRI | | A- Fc
interactions can be derived fromthe functions carried out by various types
of immune cells, including natural killer (NK) cells, macrophages,

ni onocytes and dendritic cells. Crosslinking of the activati ngFcgammaRVA
receptor on NK cells, macrophages and nonocytes can |lead to tunor cell

| ysis by ADCC (wi dely believed to be the prinme FcR dependent killing

mechani smin vivo) (Ml oney, D.G et &a. Sem,. Oncol. 29(1 Suppl. 2):2-9
(2002), Amgorena S., J. Exp. Med. 195(1):F1-3 (2002)) and also to
ant i body- dependent cel | ul arp tosi s (Hazenb WL. et al. J.

h , )
| mrunol . 161 (ear?@e?ﬂanﬁmwwﬁha%gﬁgwn@ VeRtSiEar %{else.f CML W8 oncol

Hemat ol . 40( lohir@AePR(nPARAYheROhntibbdfe¥t Ol dnerel ease in the vicinity of tunor
cells (Carson, WE. et at Bur. J. Immunol. 31:3016-3025(2001)). These

cyt oki nef0268in i nAtsgeandichizeric Gl anbleady. 426+ abseiknown peeshuxitgab, thafor cells, to
anti-angi ogenig, eGfheS huﬁ{gﬁ' CBhidenhi) P brlywia o] B riyation of oxygen
and nutri entsn[,% gﬁ%&to en anc%édeﬁérlmgoapt {%Jet% 6%eége%t tclﬁgﬁ +érs part of an
active T-cel |glyrechigiteendd | imihe methwlp odes@ibaddienst Figod2 shdwss theDendritic cells

are crucial for I i . - r I nki ng of
FcgammaRl | | Aoglﬁos'?ﬂég??&}ﬁﬁlg%g%%?@ﬁ r%ﬁ%%ﬁ%ﬁgo - ggﬁgd,s&%ﬁ ng tgm)r cells
initially attscketginesred version phthdBEE)antbody] Beedatet waseprbduoedid celsndri tic cel |

mat ur ati on, | ke .an ' .0 T . Cross-primn

of gyt O![ oxi caa?i’%geéﬁ%sa tﬁ%lﬁlgg?lgf%g &éﬁﬁ‘g{”g‘gé&%‘%‘%%ﬁc‘%@ﬁ“ vg?%fdci ent P °
mechani sm t o laelizedds the Golgi viaaMamililovatization/doivain. JOg. €A sha®rs incjeasddxp.  Med.

195(1): FI -3 | er.gl A, n etch, .J. Vo J. Exp. Med.

195E)1)2) : 16539@@@%@)@%@@%%‘8&&1@ e FRERGH 1k Yyeqenatrdios 22(3): 124-

130(2002) ). Grlgsengineskadngtitwiics prodwed tyethd metbodsdessribadhent] and hdwng-c r ecept ors on

i mune effect.or ce n.also l.ead.to.ncreased.direct killing of the
Largor cel 1 o ot ABCEA B st TRt er bR 8RR FeRtentirn ot 0 e

cr oss- | i nki ngprehising enoléauieg efor anitiody nhemaplyesfutaaser (4df 6f avb-Fnmaned Heard, C.
Crit Rev Onco). Hemat.ol . .-102- 40(1):.25-35(200 Cra S, et al. Blood
101(3) : 1045- BESF 8% )“?eycf%méﬂﬁl ﬁea% HEsere n%ai‘%?c?”eégg‘i"ec B NK cel | s
al one posses scoftespyndin invmitifieg (dos-gBsatAEseeradverdiai of tiobe dntidies,fer t he ot her
types of cel ltﬁ&ee ﬁmgr%pi%sc.EXId&l %ﬁ@itiﬁgﬂm%%m lét%rguggtﬁgt&xerapeuﬁc 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 thrombocytopeniz 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-agsociated antibody.



together with the inhibitory FegammaRI | b receptor, and induction of
anti-tunor effector functions results from apositive bal ance ofthe
activating over inhibitory signals. [0262] Figure 15 shows that the

i ncreased Fe receptor binding is selective for the activating receptor
conpared to the inhibitory FcgammaRI I b. Such selectivity is inportant for
effector functions carried out by immune cells other than NK cells, as
expl ai ned above. Moreover, the increases in binding achi eved by

gl ycoengi neering the Fc antibody reghi%n, using the nethods described here,
are far greater than those observed naturally for the honpbzygous

hi gher-affinity FcganmaRIIIA genotgpe ati ents/donors receiving standard,
unnodi fied antibody (Fig. 16) a Rave al ready been associated with
i ncreased effica | e ] ' r . et al. Bl ood
99(3):754-8 (200 ?#8#6g§%$HT eHitﬂgﬁﬁgiﬁghgﬁﬁﬁg?ﬁt ésgﬁ%?vating FeganmmaRDI B
receptor is alnost identical to that o e FegammaRI | | A Therefore, the

chove Seitnl 0, gL Shsabl ol O ST PPRPREAT 3 AR5 L 0P e

can lead fo ec t1ons T1e éctor cells
di spl ayi ng t hisofdeg&eqeilly bdSocigted rith sthepaltyimompk phenolnes. TekdBt cel | s,

i ncluding rel.ease of ..t oxi ¢ prqducts,a hagocytosi s ((E M E. and
Heard, G O iFopayResiass cahish ae IEBCP‘? pfBeiend s {‘%“6&)"*}1 %Eziﬂg;q FM  Annu.

Rev. | mmM ol .chibferi2 Gidndlonall®8F)dy phvuel Binthe thelModsotthe pbabntiventon Annu.  Rev.
bnmunol . 19: 275-90 (.2001)). 264] . Fiqure . 18 shows th | Lgosacchari de
profile of aﬁnghﬁvgg%ﬁiﬁs%?%gwﬁ‘]ﬂﬂ’!‘%% . %H‘cﬁ‘fbéﬁfaéﬁﬁs‘i‘?gﬂolﬁkg%m ng in
sEspenm (r)rtr;_ arm.t amg;t _Bbedé ed:BQ%SF-Q'I:?BS'DI(tthehﬁﬁe,contbr_htgbf hﬁk?:?rﬁmWTl | ISSI 0{1_ of t bot ?h
t he reconbi nant anti body. an usi gn pol ypepti Wi activity. e
ol i gbsacchar iwmﬁ%ﬂ%yégf%%%pﬁﬁ‘%ﬁ@é’e%“{’%gé‘ﬁé ng%A PWRIRNSon- £ ucosyl at ed
and bi sect ed Heybltiflarehnifie ghes by ddl@sorhttibolly) 8 7RRginFOst wekk, ORRtérhe cel |'s

engineered with the fusion GhTlll (see Table 2 also). These . structures are
not found i n 3By MEEBENTRORTRT W dreg ﬁﬂb&ﬂ#@?ﬂﬁ%ﬂ%&!@%wﬂﬁwmgl ycoengi neer ed

BI LK cel I s ( Sfifiatkd. Thistleatmbhraigisnaniied dgaitod o BB SSd \eniftant- 103- CTI 1 |

fusi on exhibited nor{ml growm h in suspension and good anti body
product i vi t y_nsemretlcu ocyte 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 ¢DNA library (Clontech) by PCR. A C-terminal c-myc-epitope tag is
added immediately upsiream of the stop codon of the gene {(amino acid sequence:
PEQKLISEEDL) for later, convenient detection of GalT by Western Blots. After
confirmation of the correct sequence of GalT the gene is inserted under control of
the 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



[ 0265] The rel ative percentages of the oligosaccharides of the

gl ycoengi neered nonocl onal

cel |

peaks obtai ned by MALDUTOF- MVS.
2 1486 2.8% 3 1647 6% 4 1664 22.30% 5 1680 2.5% 6 1689 4.8%

i ne

anti body produced by the stable BHK-1502-28-11

are presented in Table 2. Table 2: Relative percentages of the

Peak (ni/z) Relative percentage 1 1257 2.5%

7 1705 3%

8 1810 27.8% 9 1826 10% 10 1851 7.5% 11 1972 9 % 12 2012 1.75 % Tot al

bi sected: 88.6% (4+5+6+7+8+9+10+11+13})y;. Tot al
37.8% (4+5+7+9) Total fucosyl ated bisected: 50.8% (6+8+10+11+12)

bi sect ed:

non- f ucosyl at ed bi sect ed:

Conmpl ex

17% (6+7+10+12) Hybrid bisected: 71.6% (4+5+8+9+11) [0266] The
ol i gosacchari s}, arry a

bi secti ng Glc@c%[r}lggyduiz tﬁ%g\\l@m apﬂbfoﬁgo%ﬁ gimﬂdéﬁgnga%é# % g]?]iei non-
fucosyl at ed. fhkmﬁmQQQMImmwa t he PNGaseF-rel eased ol igosaccharide with
-104- EndoglycosidaseH denonstr at ed that nost ofthe peaks obtained are of

the hybrid bisected t e (Fig. 19). 20 shows increased binding
affinity of tReplagpmpn ldé@n@ﬂmgti@ yealizstionidererin piCalh &vitBiiie: 1502- 28- 11
cell line, toatnn@acléem ing thy lemalizaionds refin IGoTA on human NK cel | s.
Cell lines growing in suspension and wth constitutive stabl e expression of

both the gptdibody D REstAREon of this hybrid galactosyltransferase gene is performed,

for example, by overlapping PCR reactions, resulting in the plasmid containing
the GnTI-GalT fusion under control of the MPSV promoter and a puromycin

resistance cassette for selection.

Replacement of the amino acids encoding the localization domain of GalT with
the amino acids encoding the localization domain of human mannosidase IT.

{0273} The construction of the GalT expression vector is performed. The
resulting plasmid contains the hybrid man!l-GalT gene under control of the
MPSV promoter.

Combination of the hybrid manlI-GalT fission gene with the replication origin
oriP from Epstein Barr virus.

[0274} A DNA fragment with oriP is subcloned as described in Example 1 into
the hybrid ManTI-GalT expression vector described above.

Combination of the hybrid mantl-GalT fusion gene and a truncated CD4 cell-
surface marker gene

[0275] The expression vector is modified for additional expression of a truncated
CD4 cell-surface marker gene. Briefly, the hybrid manfI-GalT fusion gene
expression cassette is converted from a monocistronic to a bicistronic expression
cassette by inserting, downstream of the stop codon of the manIl-GalT fasion, 2
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).



the fusion GhTf polypeptide are ideal for |arge-scale production of
therapeutic antibodies. Using standard cell engineering nethods, the

gl ycoengi neering can be inplenented either by introducing the fusion GTlI|I
gene into a cell line containing the antibody genes, or by introducing the
anti body genes into a cell line containing the fusion GhTM gene (a
"pre-glycoengi neered production cell [line"), or by introducing the anti body
and GhTIII fusion genes at the same ﬁg . [0267] An anti-CD20 anti body
produced in cells engineered for é | evel expression of the nucleic acid
encodi ng a fusion pol ypeptide mﬁth GthII activity and localized to the

Golgi via the Manll lqcaljzatiqn do S, t d als conpl enent

medi ated |ysis (GW), %Cmﬂfe 3@(‘,’? r"“ﬂ‘tﬁ%ﬁ ‘g?nﬁg%dyn dependent
on Fc receptors on |ﬁﬁﬁﬁ@“@?ﬂ@@@6r cells. The vast najorlty of the

ol i gosacchari des of this glycoengi neered anti body were of bisected hybrid
non- fucosyl Tiwcfedtiopef BBREdwited CML activity was observed for this anti-CD20
anti body conpared to the unnodified antibody (Fig. 21). For sone
applications antibodies with increased ADCC but with reduced CM. nmay be
desirabl{8276f or  ehepopintiallyogrowitg cellsiidtlityfIDHG1%), arsmiﬂnredshmstedll itisin the
bl ood vessel s i at i ficant

CM.- nedi at ed sdlg%l éegﬁ?lielgg%sﬁé}%gta%%eesﬁ%%% s%g‘? %119(;401. %’ %gntl body t herapy
(van der Kol khelglsEoenginearkd arffibodies, ﬁlaedhat&ﬁo-nah&ﬁ(td@wﬂh)%vcﬂﬂlésﬂﬁ&l)) However ,

t he ollgosacch |d f|| aho a ossible to
engi neer t he “2HEY ﬁgo f'{%rgsu%)fln &/tﬁe? er%of expre gfwﬁlde@%ﬁ?ﬁ ™ f usi on

pol ypepti de atamtmoﬁﬁ:]eresp@ha&lg expression level that leads to internediate
| evel s of bisected hybrid non-fucosyl ated ol i gosacchari des (higher than
15%, but with a S|gn|f|cant fractlon of conpl ex ol igosaccharides within the
Fc O|IgOS&CC=ﬁ‘=fW‘_E:ﬂ*h e gl ycoengi neered anti body. Such conpl ex
ol i gosacchari des are associated with nornal not reduced, |evels of CM.

Therefore_ the data indicates tha nt mnth i ncre sed ADCC can be
-105- pr@%ﬂ?&ed i PR @WW&F@%@N gfested agdegerbsd | evel s of oML
activity COEHE{aﬁigletIOF&Qﬁb;ﬂ&ﬁicﬁ@ﬁffﬂﬂ ggne&dngﬁéér&sam%%&he&n&&sond chineric

I g@ anti body, 5, ‘al so known as cetuxjnab, that reco%u zes the hunman

epi dermal gr 6%@#%@9 Fiith e Blgtrigs, eptforsntipady expression and the
fusion GalT polypeptide expression, at a ratio of 4:1, respectively. Atday 5 post-

transfection, supematant is harvested, centrifuged for 5 min at 1200 rpm,

followed by a second centrifugation for 10 min at 4000 rpm and kept at 4°C.

Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a GalT-fusion

[0278) The clone BHK-1502-28, constitutively expressing anti-CD20
monoclonal antibody genes and the neomycin .resistance gene, is transfected with
the expression vector by electroporation. The vector allows for constitutive
expression of the ManlI-GalT gene and a truncated form of humnan 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-HCD4 gene
expression unit. Recombinant antibody production of the selected clones is
verified using an ELISA assay.



gl ycoengi neered by the met hods described here. Fig. 22 shows the

ol i gosaccharide profiles of the unnodified anti-EG-R anti body C225 and of
the gl ycoengi neered version of the sanme anti body. The | ater was produced in
cells expressing a nucleic acid encoding a fusion polypeptide with GTII|
activity and localized to the Golgi via a ManJl | ocalization domain. Fig.
23 shows increased ADCC of the anti-EG-R antibody resulting fromthis

gl ycoengi neering. @ ycoengi neered agd.i bodi es produced by the nethods

descri bed here, and having increased ADCC and increased binding affinity to
activating Fe receptors are pronising nDIecuIes for anti body therapy of

cancer f aut SlnC sho d..ead to increased

ef fi cacjﬂ?’ lativ %ﬂ%mdé%brsg%lg Sdr%enﬁ)& reséﬁglev%}ﬁsﬁr?éoengi neer ed)
versi on of thawe dewiibddadEeagpldélor t hese theraples Additionally it should be
possi ble to reduce the therapeutic doses for the glycoengi neered anti bodies
conpared to the unnodified ones, and this would positively inpact the
econoni cs of anti4$ody Buedudiinntand purifietidvPbiRmgnodified embglicosfigiterradne- Medi at ed
Thrombocyt openi a in aaRghademt with Chronic G aft-Versus-Host Disease [0269]
Aut oi mmune t hronbocytopenia in chronic graft-versus-host disease represents
an i nst o) of B‘]ﬁ%ﬁe‘ a@b?ﬁﬁﬁ%l?st&aﬂﬁedt&% ahtfbofy hvgiGeRse. To treat

i mrune- nedi at ed thronbocytopenia in a su ct W|t roni c graft-versus-host
di sease, an ahﬁmB@EE@“@hﬁﬁ@ﬁ¢@hﬁ%@ﬁﬁﬂqgN@ﬁmaﬁﬁﬁﬁbﬁ&ﬁBWEsﬁmﬁﬁﬁby t he net hods
of the pres Gt AMaTeN PnshSe@dil A stered to the
subj ect as géebgogr ed |e(r%ﬂq?at g’ﬁg? ar atelr%gﬁ]r%m%é fe&g\nn @%\tern Med.
133( 4) : 275- 796 b pwbd trpnsfecken. eane@dleameth@sexpﬁctedmmd\wwstyhé%@}/ i ncor por at ed
py referenceghgnﬁwgﬁﬁﬁkﬁﬁk ¥nuﬁm¥ﬁfﬁ%¥mh@&%ﬁkon of the antibody, 375 ng/n
is or

ddmi ni stere weeks. The anti body therapy produces a
mar ked d8lkti on lofths cagrepf ﬁEKﬁ% -FBNpeeé¢lishizanafecttd oot emdntibedy eased | evel s of

ol et a0k B AL O prd s SR LG T o

expression vector, the culture medium is replaced by fresh culture mediwm

approximately 16 hours post-transfection and the later medium is then harvested
after culturing the transfected cells for a further 120 hours.

[0282] For the stable BHK-1502-28-11 cell line, a culture is seeded at 500,000
cells/m! and supernatant harvested after 4 days of culture.

Antibody purification

[0283] Monoclonal antibody is purified from culfure 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 PVDF
membrane or in solution.

[0285]. The resulting digest solution containing the released oligosaccharides are
either prepared directly for MALDI/TOP-MS analysis or are further digested with
EndoH glycosidase prior to sample preparation for MALDI/TOF-MS analysis.



10270] I mune-nedi ated, acquired pure red cell aplasia (PRCA) is a rare

di sorder frequently associated with ot her autoi mune phenonena. To treat

i mrune- nedi ated, acquired pure red cell aplasia in a subject, an anti-CD20
chi meric nonocl onal anti body prepared by the nethods of the present
invention and having increased ADCC is adm nistered to the subject as
described in Zecca, M et at, Blood 12:3995-97 (1997) (the entire contents
of which are hereby incorporated by {Oﬂ:\ference). Specifically, a subject

wi th PRCA and autoi mune henol ytic %merri a is given tw doses of antibody,
375 nmgln2, per week. After antibody therapy, substitutive treatnment with

i ntravenous i oglobul.in.is ipnitl] This treatnent prqduces a marked
depl eti on of @%ﬂqgg ccgﬁ%‘ieéelgﬁsﬁlﬁf"ﬂ?dtc{%&t%%ﬂl Iy ’PE’PF’E%%’&@’P tount

acconpani ed bhd%]%ﬁ&aﬁ%@&h@%eﬂmhﬂ%tﬂmdﬁé%%ﬁoﬂm&&ﬁéﬂrduﬁ' s and Methods
1. Construction of @1T-fusjon expression vectors Vector for constitutive
expr essi on of axggreribpdpErample . const ructi on of the GalT expression vector,
GalT cDNA is anplified froma cDNA library (Contech) by PCR A C-termnal

c-nyc-epi tope ta i add].%d i.ymedi.at e & ream ofl. t he. st codon of the
gene (anino a Q.fase i ; > det ecti on of
Gal T by West el § ;,‘j’nt’*f L&:PV 1 orf cct H OfHE0 Bence of GalT

the gene is i MPSV pronoter and a synthetic
rabbit beta-gl obin pol yadenyl ation signal is added. The final G1T
expressi dM286pct or EHedN(Gmateddassl digepp@haiies apusnbseyenily digedédswiince cassette

cont rol of { nERRRRG RS U bR RARPE £ota glonin

pol yadenyl ati on signal. Replacenent of am no acids encoding the |ocalization

domaj n of Gaf%%‘.’ﬂ_ﬁ_%#dﬁ?ﬁs am no acids encoding the |ocalization donmain of the
human GhU [ 02 € construction of this hybrid gal actosyltransferase gene

is perforned, for exanple, by overlapping PCR reactions, resulting in the

pl gs md qomgrpi Ni N@Bandphts &onthlmkett Eddgrh@R WRERY ceRAhLnL! thofrelbhea MPSV pronot er
and a ronycin
purormy Ioligosaccharides are prepared for and subsequently run on 2a 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, MO63178 USA) following
essentially the manufacturer’s instructions and the protocol described in Example
1.

\ [0289] Human NK celis are isolated from PBMC applying a negative selection
procedure as described in Eiample L

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.



resi stance cassette for selection. Replacenent of the am no acids encoding
the localization domain of GalT with the am no acids encodi ng the

| ocal i zati on donmai n of human mannosidase Il. [0273] The construction of the
GalT expression vector is perfornmed. The resulting plasm d contains the
hybrid manl|-Gal T gene under control of the MPSV pronoter. Conbination of
the hybrid man.-Gl T fusion gene with the replication origin oriP from
Epstein Barr virus. [0274] A DNA fragnment with ori P is subcloned as
described in Exanple 1 into the hyb¥ild Manl|-GlT expression vector
descri bed above. Conbi nation of the hybrid mans-Gal T fusion gene and a
truncated CD4 cell- surface marker gene [0275] The expression vector is
nodi fi ed for addi Bi onaFcgenmrREE indiog caNKrasticak] FdganCeR [Bebihdisgir f ace mar ker
gene. Briefly, the hybenRkjitgmpHontacklls f usi on gene expressi on cassette is
converted froma nonocistronic to a bicistronic expression cassette by

insertin ownst lg”ﬁ t o) ion, a polio
Vi rus IR@?QI emen':Iﬁgo ofe %Bé ac @ﬁ%&f’ﬂ%@@%@%ﬂaﬁm cH4
prot ei n ( conpindngvy FegemmiaiRifhron BBY Iympdme celbgdstermingdas dsewibed inon f ol | owed by
t he transnmeny ane ealir_\d extrac' el lular domains). -108- 3. Transfection

of manmmal i an e’ﬁafngl th Gal T-fusion- and anti body- expression vectors
Transfection of BHK cells [02761 Exponentially growing cells (viability

90-95 @ 6) are cullfj_gr i&@g?ﬁ%ﬁﬁa&%gd%%t%ﬁaﬁ'?%?m ly transfected as

described in Exanp e pro he gl ycoengi neered
anti bodies, the cells are co-transfected with two plasm ds, one for

anti bodyoesgyr essi CampRehehtiBpRidREytdBLicityhBiadturd gt brmahiiReRitbets, expr essi on,
at a rat|[o ;gf 3:.1, lrngs ec[miei\)/ely. y‘f’ran_s?yé%t?%rrl of |1 EEK293- E%I%IIA cells [02771
Exponent i al | W—‘@P@Waﬁ‘@fﬁ@@@?w degqnived I Fgapple hst ect ed as described in

Exanpl e 1. For the production of the glycoengi neered anti bodies, the cells
are . .
Resulis and Discussion

[0293] Assays are carried out in order to demonstrate the impact of the
expression of genes encoding polypeptides with GalT activity on cell viability,
cell growth or antibody production, relative to cells not producing such
‘polypeptides.

[0294) The purified antibodies are analyzed for their glycosylation patterns by
MALDI/TOF-MS as described in Example 1. Using this technique, it is possible
to determine the fraction of different oligosaccharide species within the total,
original Fc-oligosaccharide population, and it is also possible to assign structures
to different peaks in the spectra (Umana, P. et al., Nature Biotechnol. 17:176-
180(1999)).

[0295) The unmodified antibody oligosaccharide profile is determined.
Specifically, it is determined if the engineering of the antibody producing cells
by expression of wild-type GalT leads mainly to galactosylated, core-fucosylated,
complex biantennary oligosaccharides. It is 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 Geolgi localization domain, leads mainly to galactosylated complex
biantennary oligosaccharides relative to the wild-type GalT. If galactosylated,
non-fucosylated and galactosylated, hybrid structures are synthesized, these may



co-transfected with two plasm ds, one for antibody expression and the other
of fusion Gai T pol ypeptide expression, at a ratio of 4:1, respectively. At
day 5 post- transfection, supernatant is harvested, centrifuged for 5 mn at
1200 rpm followed by a second centrifugation for 10 min at 4000 rpm and
kept at 4C. Ceneration of a stable mammalian cell |ine expressing a

reconbi nant anti-CD20 antibody and a GralT-fusion [02781 The cl one

BHK- 1502- 28, constitutively expressipg._anti-CD20 nonoclonal antibody genes
and the neomnycin resistance gene, is transfected with the expression vector
by el ectroporation. The vector allows for constitutive expression of the

Mal | -Gl T geng a cat. t

| RES- dependen{efl'gp%)(nplrté%g%@ehﬁ%eﬁ‘%%ﬁﬂgﬁggggﬁgf oﬁglﬁgns%%%%%%i n- resistance
gene expr essi gigcosisset fteis eeciodiiet moeesidigenatchetidenie snodified fwithse sel ected to
obtain a set o | on t hat ompsomal |y in rated the yector DNA. C ones
are then scre®&sf S‘E&QU‘W ﬁé{%p%%n%ggg???ﬁg% m{lﬁ%ﬁgaﬁgqulg&s\firfsm) . whi ch
serves as a Qulgkemahidsidasell gREnnand €¢I afn dohiengr abtst maudify théanl | - Gal T+t CD4
gene expression unit, .ecogl‘%iértlant ant i body production of the sel ected
clones is vefddo}o8 aﬁﬁ%Pﬁ%j’s%? ¥SSA assay. -109- [0279] Transfection and

Subsequer[oz9spreenimoﬂfglybﬁmseﬁﬂdg&mmeh&@d%n' hGaiwebelbri@bdd as descri bed
in Exanple 1. 4. Production and purification of unnodified and
gl ycoengi neer &Plex, phignseprhasidesy Bobied | syalupe the EORSRISNKCL: Ep-plachsnst ected with

an anti body eg’d%ﬁy%_r)ﬂiat@d‘,_n%@%cﬁéyl@éd an€ Qathdteyt-aChyBHd WiidddacRRarABd. | body expression
vector plus a Gal T-fusion expression _vector, the culture _supernatant is

har vest ed"Z3ft er c(lepts @ferfgrried out fogrterming dfjthe epgineeripg of &g aptibod¥t t r ansf ect i on.

Dependi ng on %ﬁ&cﬁfﬁ&%ﬁé@%ﬁfc@&l&%ﬂa‘ﬁh&ﬁﬁc 288 \Rédding «MSALGARFA] ons (10- 15)
are Jdone for the same vector. [0281] In the case of HEK293-EBNA cells
transf ect ed wpelypeptifieawherp Bgyoallosatalvdic dompinge locdizedyia ths Madgplgct ed with an

eXPr essi on Vet At ilinUdorRitPibdds! MEhf Mo BARGESRIAN n¥RfiOyiatddN g Ul ture medi um
is replaced by fresh culture nedium approxinately 16 hours

post - t r ansf ecgdlasipsyptad.thybrid. o Bpacifivellyi ifris deferpiead Wasthen gelative to the
wild-type GalT and to the GnTI-GalT fusion, the ManII-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 eligosaccharide 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 ofthe 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 GnTI-modified oligosaccharide substrates between the
recombinant GalT-catalytic domain and the endogenous core 01,6-
fucosyltransferase, Manll and GnTII 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.



after culturing the transfected cells for a further 120 hours. [0282] For
the stabl e BHK-1502-28-11 cell line, a culture is seeded at 500, 000

cells/mM and supernatant harvested after 4 days of culture. Antibody
purification [0283] Mnocl onal antibody is purified from culture supernatant
using two sequential chromatographic steps, Protein A chromatography and
cation exchange chromatography as described in Exanple 1. 5.

A i gosacchari de Analysis [0284] O igi accharides are enzymatically rel eased
fromthe antibodi es by PNGaseF digestion, with the antibodi es being either
i mobi |l i zed on a PVDF nenbrane or in solution. [0285] . The resulting

di gest solution containin% the rel eased ol j gosaccharides_are either

prepar ed [R0Pkct | v T raigmd edvishethes |elyepgigipperg antppdisipduwsrd®st ed with

EndoH gl ycosi das&siby inQhe hRibs& RbicRiz B Gl iBlelc QkidMRAbJdld Eilsib anal ysi s.
-110- The ol i gosacchari de rel'ease net hod for PVDF nenbrane-i mmbilized

anti bodi es apelyreptideovitlyGatcackiuity bave irdreagascbinding affinity fo Bipdbipadi es in
solution are i ?Q@&QFE@ ed tnnEX ﬁﬁ“ f Endogl vcosi dase
H di gesti on o@gﬁgggg%&r%%?g% ed o |go§raﬂ():{c1ﬁar| .eéﬁg(%%mutﬁ%eméssi gnnent of
hybri d gd0¥4} osy! alibe&iatl] dogeimmissvitheitehmpstethecctvityof the endggerdis POF- M5 neut r al

ol i gosacchari I I i des are
subsequent |y g?’gﬁé}g@égm&n%ﬁgk’%g‘%g CosI %§§a§§%t8gb%8§$§@?%§ described in
Exanple 1. mm?i@aymc@m?@eam es containing the enzymatic dibgests I
cont ai ni e relgas S [ . subsequent |y
un on"a MbUror T SEessdhidRSA6RERY o iR E0% RLARAL Shab B <C7<C0))

Prepar ati on aBHKl & gtoming fnGR$6hsidacand phginedredofon ochstimtiom highdawel cel | s ( PBMC)

are prepared 1 aques 107 ﬁ i i agn i ; t. Louis,
MD6 SE 78 USA) %%’F %9\1/? cl’r?é) E&Iglges en ?rl‘bé%ﬁyan I??Oé@ @nat[ﬁlgg? oﬁ}égre&zdefwntgt(}rabft ions and the
pr ot ocol descadtiviylisidetefimiaad [The relative percentages of the oligosaccharides of the

glycoengineered monoclonal antibody produced by the stable BHK-~1502-28-11

cell line are also defermined.

EXAMPLE 5
Materials and Methods
1. Construction of Manll and GnTII expression vectors
[0303] For construction of the ManlI expression vector, a human mannosidase IT

(SEQ ID NO:17) cDNA was subcloned into an expression vector plasmid
downstream of the MPSV promoter and upstream of a synthetic rabbit beta-
globin polyadenylation signal. For the GnTII expression, an expression vector
plasmid is used with the human GnTII cDNA subcloned downstream of the
human CMV promoter/enhancer and upstream of a bovine growth hormone

polyadenylation signal.



1. [0289] Human NK cells are isolated from PBMC appl yi ng a negative
sel ection procedure as described in Exanple 1. 8. ADCC Assay [0290] PBMC or
NK as effector cells are prepared as descri bed above and assayed for their
ability to nediate cytotoxicity in an Anti body Dependent Cellul ar
Cytotoxicity (ADCC) Assay as described in Exanple 1. -111- 9. FcgammaR TA
bi nding on NK cells and FcgannnaRI | b binding on Raji |ynphoma cells [0291]
The bi ndi ng of FcganmaR || A on fres_H4¥ i solated NK cells and the binding of
FcgammaRI | b on Raji | ynphoma cells I's determ ned as described in Exanple 1.
10. Conpl enrent dependent cytotoxicity assay [02921 Conpl enent dependent
cytotoxicity.assays are, perfor.ned using antibody di.l.uti according to the
1O1L.6) L5 " .l,_-.r.‘_'! 2 WIUL 1 >aLllon O mAssayS are
carried out "denonstrate the inpact of the expression of genes
encodi ng pol ypeptides with GalT activity on cell viability, cell growth or
ant i bodyo3fdloduct i ODNArfedgaentwathiodP evas subclmedd apdoactibed indixamplh 1 ino| ypept i des.

[ 0294] The purifi ant i. bodi es . ar | yzed. f hei r glycosyl ation patterns
by MhLDI TORe pen TR A e 1l AR W e Sl s SRR e, s
possi bl e t opCieiSe ATDNA ffafaerit ith biiP 1 saclied dsRiearibedih Egasgech®s | de speci es
within the tpt original Fesoligosaccharid pulation, and it is also
bossi bl e to 8 CPH Shiefkiiheaer dduto BRGE 4 bvh Calt S Veplls r »' (vana. P
at al., Natus@nmBi.otechnol. 17:176- 180(1999)). [0295] The unnodified

anti body ol igosaccharide profile is determned. Specifically, it is

determ ned if the engineering of the antibody producing cells by expression

of wil d-type2.Gal TrinsfedtomdfiHHK293-BBY @lls osyl at ed, core-fucosyl ated, conpl ex
bi antennary ol i gosaccharides. It is also determned if the engineering of
|

t
1ioin

[0305] Exponentially growing HEK293-EBNA cells were transfected as
described in Example 1. For the production of unmeodified antibody “Cwt”, the
cells were transfected with antibody expression vector (pETR1520). For the
production of the glycoengineered antibody “Cbrt”, the celis were co-transfected
with two plasmids, one for antibody expression (pETR1520) and another for
fusion GnTUI 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
fiusion GnTHI 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 GnTHI polypeptide
expression (pPETR1519), one for mannosidase I expression (pCLF9), and one for
GnTII expression (pGnTII) 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
culture medium approximately 16 hours post-transfection and the later medium
was then harvested after culturing the transfected cells for a firther 120 hours.
Harvested supernatants were centrifuged for 5 min at 1200 rpm, followed by a
second centrifugation for 10 min at 4000 rpm and kept at 4°C.



t he anti body-producing cells by expression of a nucleic acid encoding a
GnTl- Gl T fusion polypeptide, where the (RA1T catalytic domain is |ocalized
via the OG1TlI Golgi localization domain, |eads nmainly to gal actosyl ated
conpl ex biantennary oligosaccharides relative to the wild-type GalT. If

gal act osyl ated, non-fucosyl ated and gal actosyl ated, hybrid structures are
synt hesi zed, these may -112- result fromthe conpetition between Gal T and
ot her glycosyltransferases or glycqsidases. It i$ expected that once an

ol i gosaccharide is nodified with a 4&%1actose added via a Gal T-catal yzed
reaction, al,6-core fucosyltransferase, Colgi a-mannosidase Il (Manll) and
GhTl I can no longer act to nodify the gal actosyl ated oligosacchari des.
[0296] EndoHAgibedygurBealioni gesti on, which can distingui sh between hybrid and
conpl ex oligosaccharides is used evaluate the proportion of Fe-attached

gal act os non-t cosyl ated and Iactosylated brid oligosacchari des.
[0297] iﬁiﬂ? ar e MERISIoAT Bibodkes v PR AR T fal Wéupéwaﬁy%m%faoof t he

anti body- pregugitiaD chfkdafoghiphi® XRpBS Proddin OA hrdiiitd épﬁyaﬁiddczﬁi&ﬁom ng a
ManE- GalT fusion pol ypeptide, where the Gaff catal tic domain is localized

via the ManEG’ES@P@GGMO%@HaE@tqséFﬁc’aWﬁxmp&ldgmﬁﬁbﬁ Pe7.Ghitact osyl at ed,
non-  UC0Sy | 2t clfloR8 RS K RLEH g RE L1y SRF Gty Lot 0 | © et erm ned

whet her, relative to the wl to th Gal T fusion, the
MAnE- GalT f useleme (Amergham Phapmacis) mphpwhetnbuféey mhﬁeg%adévd #hier et ached

gal act osyl at tyed, 3ﬂ§¥i rid
ollgosaccharggg0 ?m%%@?iy&ﬂnent?@ﬁggggﬁggi ?@%%%?dase H (EndoH) is
used to confirm the assi gnnment of galactosylated non- f ucosyl at ed and

gal act osyl at @d, hghgdsshchfide waklysies to the different oligosaccharide peaks
observed in the MALDI profiles. O the oligosaccharide gal actose residues
that carry a gal actose residue, the percentages of those structures that
are non-[{pispsyl at@ﬁgdsgdohéricIGSWBnecﬁnzbmipaﬂyrmlemstIfwhemermﬁbdddbsdnd fucosyl at ed
conpl ex ollgo I r ter ed. [0299] The inpact of the
| evel of Gal §° exf)'r é’ggﬂ%ﬁ&t&gﬂ%‘ﬁ a%%ﬁsc? g Ralization domain that is
used to target the GlT catal ytic donaln to the ol gi, on the

Use of Endoglycosidase H digestion of PNGaseF-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.

MALDITOF-MS

[0310] Samples containing the enzymatic digests containing the released
oligosaccharides were prepared for and subsequently ran on a MALDI/TOF mass

spectrometer as described in Example 1.

5. Cell Preparation and Isolation

[0311} Peripheral blood mononuclear cells (PBMC) were prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Louis, M0O63178 USA) following
essentially the manufacturer’s instructions and the protocol described in Example
1.



conpetition for GhTl-nodified oligosacchari de substrates between the

reconbi nant GalT-catal ytic domain and the endogenous core ™ 1, 6-
fucosyltransferase, Manll and GhTll enzynmes is determ ned. The | evel of

ant i body- dependent cellular cytotoxicity (ADCC) resulting from
overexpression in the antibody-producing cells of a nucleic acid encoding a
pol ypeptide with Gai T activity that is |ocalized to the Golgi via different
| ocalization domains is determned. -113- [0300] It is also determ ned

whet her gl ycoengi neered anti bodi es prigduced by expression in the antibody
producing cells of a nucleic acid encoding a fusion polypeptide with GalT
activity have increased binding affinity to the human activating Fc
recept or FcgagmaRNg AnQdoldties the inhibitory FcgammaR] | b. [0301] The GalT
constructs wll outconpete the activity of the endogenous core

A1, 6-fucosyl transferase, glycoengineering the Fc region of an anti body and,
consequefiBiyl, i NncHm@sh N cAlXGere {s6120d fronh PBMT dpgyizaebadtiveieleptical i | e of an
anti-CD20 anti body pr du%gg_féénn BHK cells growi ng I n suspension and

engi neer ed f dFOEOHE &S e5E106E 1 BragRlelevel  expression of both the reconbi nant
anti body and a fusion polypeptide with GA1T activity is determ ned. The

rel ative percenta t he ol i gosaccharides of the glycoengi neered
nonocl onal aﬁ?ibogéﬁ%g%ﬁﬁ%ed by the stable BHK-1502-28-11 cell line are

al so determned. EXAMPLE 5 Materials and Methods 1. Construction of Manl
and GnTI pr essi GEOL g.ﬁg%g; | f ni expression
vect or, L{Bﬁ]rrar]naﬁggfg%agg(ﬁlc ( .ﬁrﬁgﬂg?q‘%yﬂéﬁ)ﬁq{?\aﬁs&%ugﬁfwed into an
expressi on vdbeinebifityatorimdiatto eyietoriedynin fant AetilPs\Pepeasient Eellderd upst ream of a
synt heti c rabkhj AT @ﬁﬁg ' ignal. For the GnTI

expressi on, gﬁhgygﬁégéloggeg%?%ghyp asﬁégL#gmﬁged wi th the human GnhTl 1 cDNA

subcdl oned downstream of the hunman CW pronoter/enhancer and upstream of a

bovi ne growt Iy, hor FERGmARIITY BHAMRY oA INKORIST gnal .

[0314] The binding of FcgammaRIIA on freshly isolated NK cells and the
binding of FegammaRIIb was determined as described in Example 1.

9. Complement dependent cytotoxicity assay

[0315] Complement dependent cytotoxicity essays 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 human serum (NHS) was prepared from blood of healthy
volunteers. The blood was allowed to clot for one hour and then centrifiged at
1200 g for 20 min. The cell-free supernatant serum was aliquoted and stored at -
80°C. NHS was used at 20% of final assay volume.

Results and Discussion

[0316] Glycoengineered versions of an anti-CD20 ﬁhimeric 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 polypeptides with
GnTIII activity and mannosidasell. An additional glycoengineered antibody



-114- Conbi nation of the expression vectors with the replication origin oriP
from Epstein Barr virus. [0304] A DNA fragnent with ori P was subcl oned as
described in Exanple 1 into the Manll expression vector described above to
gi ve Manf expression vector PpCLF9. A DNA fragnent with oriP is subcloned as
described in Exanple 1 into the GhTIl expression vector described above to
give Tl expression vector pGTIl. 2. Transfection of HEK293-EBNA cells
(03051 Exponentially grow ng HEK293-EBNA cells were transfected as

described in Exanple 1. For the pro‘c}&%”tion of unnodified antibody "Cwt", the
cells were transfected with anti body expression vector (pETR1520). For the
production of the glycoengi neered anti body "Cbrt", the cells were

co- t r ansf ect &ersiopjstajfo mgde B cadransfecting paltures of mammplinppelisgptiesatpisn ( pETRI 520)

and anot her r ' : 4 | gggélQ) at aratio
of 4:1, respfééc}t?x)%ﬁé@g%?ﬁ%%ggﬁgﬂgw%ﬁégﬁéﬁi 3I ycgé%gi neered anti body
"Cni', the ceknwdingpelypeptides vaithc@ridi@ekiviiys hannpgidaselbpcivity.diod Go®E for anti body

expr essi on ; AUSL @ i ' ressi on
ChErrreno), Ry, RoDitycdlilindel anfibl CCu Bl whbSRERIEAE AP BO51 ON
3:1: 1, respetwd platnyids, ot for heibpdpekpression(pBIR1 §29), ogt fer desirgi Grd8Hed ant i body

"Cng", the ¢ = | ' kﬁ%{ %ﬁ{ﬂ. w008 f Or anti body
expressi on (gmg%x%%%gena@gﬁﬁﬁ}g?gw% 5’F§%ep |§’gcné>2§e§lév'ssi on
(pETR1519), ewmee fcottransfentmis imdths ¢hréd plasmides 9nonfof p@lib@)y, empressone for GnTl |
expression (ﬁ%&“ at reat | 4.0.33: 0. 33:. ctively. 3.
Production a pulr5 %9)7 %“5??‘§%5°6‘3%“§{[r%%‘?‘3?ﬂe§“§“§’%§%51 @@%@%@f‘%@%‘%" \éant | bodi es
§030ﬁ1 Thletc:ﬁdmnangqskbddlﬁnxmés_sibht@(?lllrf‘ahgbﬁgiw@dngimleieﬂaaﬂﬂmdsfa“@;n_g”,repI gcteg bly t
res cul turg, medi u PRLLOXI urs_ pRost -transi ign an e later
(AR BB B ol ol o, A b B

nmedi um was then harv etr cells for a
further 120 GiERLS20)Haue e sitsioh GrljiiE polpgeptidesxpesson@eR TR 151 g fdror 5 min at

1200 rpm foll owed by.a seco ntrifugati for 10 m t, 4000 rpm and
kept at 4C. _mffgqmdﬂ%e;ﬁ"[ 8@&?&%&?‘:@%&9‘1 L one H)rﬁne’ﬁ expression (pn&nnl‘lﬁ at.

Anunmodified (non-glycoengineered) version of the same antibody, “Cwt” was

produced by transfecting mamalian cells only with the vector for antibody gene
expression. The transfected cells were kept in culture for five days and the
secrefed, recombinant antibodies were purified from the culture medium.
Expression of genes encoding polypeptides with GnTII and Manl{ 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 MALDITOF-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 MALDYTOF-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



[ 0307] Mbnocl onal anti bodies were purified fromculture supernatants using
two sequential chronmatographic steps, Protein A chronmatography and cation
exchange chromat ography as described in Exanple 1. For antibodies cwt 7,
cbrt5, and cml, an additional size exclusion chromatography step using a
Superdex 200 col umm (Amersham Pharmaci a) and phosphate buffer saline was
added after the cation exchange step, and the nononeric anti body peak was
collected. 4. Aigosaccharide Anal ysi®-[0308] digosaccharides were
enzymatically released fromthe antibodies in solution by PNGaseF di gestion
as described in Exanple 1. Use of Endogl ycosi dase H digestion of

PNGaseF-rel e "ag@fg@ 1. ; I+ EHHYR f | d bisected

ol i gosacchar ?%gqgﬁj&%uct ur%gatﬁ%afﬁﬁﬁ[%fa%tgéegl\/% agﬁgjlft ral P})All8?@;106#53%(Qzlézdhari de peaks
[0309] The PNEA8e bpiaheaousitent | githadidntannaps soes-Bloeylsdedguermanisx di gested with
Endogl ycosi d . I S | [ I %m%-n MAL DUTOF- VB
[0310] Sanpl gggﬁéﬁéﬁm@hz%ﬁg%@ﬁ%g | geg,tré;’spg%ﬁt ini gee'fﬂh rel eased

ol i gosacchar i déw aprody-praspeingetllf by exareshicquofsegletorcidgneedingeManlVAL DLTOF nass

t t ' ' || P - d I'solati
10311 per | praT RS Rele o RE S R i e IR AR A T

Hi st opaque- 10M#nl[ SpigivivcBizagomoddniairs lefl e the pBtductiomunfsan dubRyAEbSA) f ol | owi ng

essentially the nuf a rer' s instructions angd th cql._described in
Banpl o 1 el BE iy b e Fo ot dtiindBl o0 Mictal b ABFe€icr e | 201 at oo
from PBMC apiyptid(sealigagar). hedsedted i Bampprioewidgiyessaiased®@ndoBed i n Exanpl e
1. 7. ADCC Assa 313] . P as_effector cells.were prepared.as described
above and assay)eqlaid?t(c)’rco"'f'"ie ?%Wtf%t%bsecﬁ%%fogfﬁemogwtgg&?@Fﬁcgedi n an Anti body
Dependent Celliybtidstructiydsod the diffeteyt ¢LADEECHhaAdsmgk subsatesion theddALDI Exanpl e 1.

profiles.

[0319] Engineering of the antibody-producing cells by co-expression of a nucleic
acid encoding a ManlI-GnTT fusion polypeptide, where the GnTIII catalytic
domain is localized via the ManIl Golgi localization domain, and a nucleic acid
encoding Manl], led to the production of an antibody (Cm) where the majority of

_ the Fe-oligosaccharides were bisected, non-fucosylated complex (see Figure 28).
Engineering of the antibody-producing cells by co-expression of a nucleic acid
encoding a ManlI-GnTIII fusion polypeptide, where the GnTiII catalytic domain
is localized via the Manll Golgi localization domain, a nucleic acid encoding
Manll and a 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 ManII-GnTIl fusion polypeptide, where the
GnTII catalytic domain is localized via the Manl Golgi localization domain,
where the ManlI-GnTIII-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 ManIl (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.



8. FcgammaRI I I A binding on NK cells [0314] The binding of FcganmaRI 1| A on
freshly isolated NK cells and the binding of FcganmaRl I 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 according to the nethod described in Exanple 1, with the
follow ng nodification for the preparation of the human conpl enent source.
Briefly, normal human serum ( NHS) wgﬁ prepared from bl ood of healthy

vol unteers. The bl ood was al |l owed tc %1ot for one hour and then centrifuged
at 1200 g for 20 mn. The ceII-free supernatant serun1mas al i quoted and

stored - .80C. /oof |naI voI esul ts and

Di scussﬁh#lfl 0316] N‘é‘“{%@@ﬁgﬁﬁg ‘?“éthS] 1[afor q’,&l neric 1gd

ant i body (C?stsecdaumy?onanéu a@ﬁye thah&ﬁadﬁfgqvugmﬁﬁalfécbpw:i meg)alseer e produced by
co- transfecting cultures mmalian cells with vectors for expression of

ant i body ge#E%W%WGPhBW@é‘Eg? °F6Feg’€%pﬂf@§§ﬁ‘r5?ﬁ °61?b‘§%‘ﬂé%l1b€ﬂ’€%dl ng

pol ypept i des tyrédAmnfaRTHA kecBtbils\oh INK 8¢1H i/BBRARI fﬂﬁ@r@és oftdlgliet i onal
gl ycoengi neered anti body -117- version is al so nade T%/PACO transfecting

cul tures of maseRRiPFAY teeNKrelhanhsupsapet indugtion of HiHs TR ibdit i body genes

and w th vecigpstahOho &ﬁﬁﬁt@%ﬁ'%ﬁoﬂﬁ@%boﬁ@&ﬂ%ﬂ%@d BpmengRhddes wth GTM
activity, mannosidasell activity, and TIT activity. For gl ycoengi neer ed

ant i body " Chdescribeddierasto,fisireceptors; lﬂaw@tfcélﬁ wcreggpiops intthpnative &70d8, one for
anti body exprggsi M%Wéﬁecﬁf‘@eﬂ%@fspl&#‘%ﬁ“ F@&E 3 den{%ﬁét%&%pt i de

expression (pETR1519). For gqﬁengl neered antib , cells were
co- t ransf ect &t \@lyoreneineared pmiieqsied sprogised oy Wﬁﬁlﬁﬂ%d@/ @&Gﬂ@@h’on ( pETR1520) ,

one for fusi ?fbd@ﬁé l:éHst?laXﬂ@Ich'ag? &Mﬁ’gsasﬁl%n BE: ?mdé%&ﬁ'iﬁ one for

mannosi dase expr essi on For gq%coengl néered anti body "Cng",
cells are coﬂ?@‘@ﬁb{s@?@w&ﬁ@ Bml%rrpﬂf Té‘-UPW@I( Corgree cpwrprasied Hbt!li? expr essi on

(pETRI 520), aﬂt‘ﬁﬁ;d 9’?‘%@% %‘g LBL 519), one for
mannosi dase || exp SSI on (p one expr eSS| on (p&GTll) at.
An unnodi fi edlchamtg}id}nﬁﬁéﬁlgwn‘e&céwpawmhsm Fefectzmg I@amma&mébody, "Om " was

As mentioned above for the ADCC assays, these antibodies have mereased levels

of bisected, non-fucosylated oligosaccharides that result from the expression in

the antibody-producing cells of the fusion polypeptide with GnTIII activity.

[0322] Therefore, increasing the level of bisected, non-fucosylated

oligosaccharides of either the hybrid or complex type in the Fc region of the

glycoengineered antibodies leads to increased ADCC activity. The NK cells used

in this assay were from a donor of a gemotype that does not express the

FegammaRJTlc receptor on their NK. cells (Metes, D. et al. J. Immunol. Methods

258(1-2):85-95 (2001)). Therefore the only Fe receptor on the surface of these

cells is the activating FogammaRTITA receptor.

[0323] The binding domain of the activating FcgammaRITIB 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 FcgammaRIIIB, such as

polymorphonuciear (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. 4nau. Rev. Immunol. 19:275-90 (2001)).



produced by transfecting manmalian cells only with the vector for antibody
gene expression. The transfected cells were kept in culture for five days
and the secreted, reconbinant antibodies were purified fromthe culture
medi um  Expression of genes encodi ng pol ypeptides with GaTlIIl and Man
activity did not have any significant effect on cell viability, cell growth
or anti body production, relative to cells not producing such

gl ycosyl transferase or gl ycosi dase ol ypeptides. [0317] The purified

anti bodi es were then anal yzed for rﬁ@?r gl ycosylation patterns. These

anti bodies carry N-linked oligosaccharides attached only to Asn297 residue
of the human IgGl Fc region. The oligosaccharides were enzymatically

r eroved [038h ant l%mu@mwm Rediin asHs enginesied fr expugssieguent | y anal yzed

by MALDI/ TOR erm ne the
fraction of dﬁﬁké#gkﬁg%ﬁlgos ewﬂ%k%fgéﬁﬁft ?%P?ﬁ£ﬁ¥g§& ori gi nal
Fc-ol i gosacchaathétqathplﬂOdgllvmtheMl lpcaligatioh slompipswasiibsted dscafosi gn structures
to different o iPuprl i ot echnol

17: 176- 180(T8§g%§ﬂﬁﬁﬁ§@§fﬁg&§t gghﬁwmﬁ%'?ﬁgmﬁghyﬁm$ﬁﬁf#§%gacchar|de

MALDI / TOF- Mdqpendent @ Fd recaptorden mmdleffecemi ,celise Chebvast andoriP 88thant | - CD20

descri bed | noUHATRE o7 fis glvdoPas st ety Vs or B RO PREGEL X e Y e
profile, w tcpsyhes tape. i educed tCME aﬂ:fVItSzAz&Sp'&@%d&ﬁdhe Chi @ntibedypg consi st ent
wi t h bi ant ennar or.e-fuc | ex osacch ides with 0, 1- and
2-gal act ose ?é%‘%%‘ﬁ@%th P@B@ﬁﬁ Qféﬁ@d (éﬁtgmlig er:"llﬁghgcﬁ’mf ?ﬂ "Body- pr oduci ng
cells by expmsmmmmmmmmm@mwmaﬁ@mems@m fot fusion

pol ypepti de, whe Tl cat tic do | ocal jzed via the Man

Gol gi | ocali ?ﬁﬂpiﬁ% ?gﬁcﬁqr%e?}éﬁmt%‘ ??f')é nﬁﬂ g’r‘? i?’ ﬁff“fﬂ?ﬁy (Cbrt) where
L hg mgj ?ri tysmtm&diﬁedﬁ@r@MLQﬁaﬂh&@Mchﬁika&amae@éﬁaiashaﬁbefeﬁlcgsyl at e((:l Gt
ybri see Fi 27 e ndogl ycosi dase H (Endo

was used to ‘&‘??ﬁ‘fvfe‘fr"f?t%%’@%q @‘?‘Pﬁ?@ Pgléx%‘bggrdﬁﬁ%nl“ﬁa%gblﬂ&tid and bi sect ed,
Blybri d fStlrUCHHérﬁsﬁolI ais@apsefifif €zoen)). olHowesac ehay pegibheak preduser ved in the MAT

profiles

glycoengineered antibodies with increased ADCC activity and FcgammaRIII
binding, but' without significantly reducing CML activity relative to the
wnmodified antibody, as in the case of antibody Cm (Figure 31). Such antibodies
would be desirable for applications where maximal target cell elimination
requires both high ADCC and high complement activation and CML activity.
The oligosaccharide profiles described above show that is possible to engineer
cells to produce antibodies where a majority of the Fc-attached oligosaccharides
are of the bisecied, non-fucosylated complex type instead of hybrid type by co-
expressing the GnTII fusion polypeptide together with a nucleic acid encoding
Manll (antibody Cm) or together with a nucleic acid encoding Man[l 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 1levels of bisected non-fucosylated
oligosaccharides, while their CML activity increased as the fraction of complex
oligosaccharides increases relative to the fraction of hybrid oligosaccharides.

[0325] This and the previous examples have described the expression of fusion-
polypeptide encoding nucleic acids, where the fusion polypeptide is localized to
the Golgi complex and has a catalytic domain that competes with endogenous
fucosyltransferases for oligosaccharide acceptors previoulsly modified via GnTI-



[ 0319] Engi neering of the antibody-producing cells by co-expression of a
nucleic acid encoding a Manl1-GTl 11 fusion pol ypeptide, where the GhTM
catalytic domain is localized via the ManE Gol gi |ocalization donmain, and a
nucleic acid encoding MangE, led to the production of an antibody (Cn) where
the mpjority of the Fc-oligosaccharides were bisected, non-fucosyl ated
conpl.ex (see Figure 28). Engineering of the antibody-producing cells by
co-expression of a nucleic acid en(igfli ng a Manl -GnTI 11 fusion pol ypepti de,
where the GnTlIIl catalytic domain 1i'$"1ocalized via the Mann Gol gi

| ocal i zati on domain, a nucleic acid encoding MnE and a nucleic acid

encodi ng G1Tll, leads to the production of an ant] bodx (Cmg). where the

maj ority of tCHaUVIRAIEACHRNSs Keermhinabalyspeotgpgueducs braih epass®d| at ed conpl ex,
with a fractingft @fis Biveeigiresled M8 i GRS RAeL BERIsA¥h s, atrhac hed

ol i gosacchari des even hl%her t han that of "anti body Cm ngZgL Fi gure 29
shows data déwsrre depensgaipsibateeosearessian Hoygh Heshé tnucieis| aciflsar cytotoxicity
(ADCC) resul ting;.tr 1 i -ant : uey wells of a

nucl ei ¢ aci dte{égnbglggi Igéjﬁl_gwl\/gﬁlls%@T#%ﬁeﬁlﬁgﬁ‘oﬁbg%%%g%ﬁﬁﬁﬁaﬁgge the G1TIIlI
catal yti c domadodingguupleis acids,depdyite an nsrepteriE Ueobigsynthaia fliy twarsly dormai n,  where
the Manl | -Gn - i | i b6yl i : its own

(anti body Cb}%’#ﬁlg}?%%%Q%?@?geﬁhﬁsﬁ&%&g%fgg%ﬁ%?08%518g ngémcse | s toget her
with a nucl glycomoteis witk mdicasgd neiFofnonfucospltadsbmplex oligesacdaddasg t he | evel of

bi sected, nqQ: | rjdes e rid or conpl ex
type in the E‘gatwrégg?%%%"?%ﬁé&gﬂgﬁgﬁgﬁdﬁﬁ%ﬁ%’%&'ﬁ%é @g% a?alg ?ﬂgé%s to increased
ADCC act i vi t yanTIliehgodife0B@leic abfds.ural killer (NK) cells are known to be

i nportant medi ators of ADCC. These cells carry on their surface the
activating Fcgamma receptor Il A also (nown as CDl6a. Binding of the Fe
region, of the target-cell bound EX&NBPddées, to FcgammaR || A receptors on
NK cells is essential for | ki receptors on the NK cel

and subsequent induction o@gﬁﬁﬁﬁ%g$%§$5g%9%ﬂﬁ@%is inmportant to evaluate the
bi ndi ng of the anti bodi es produced by the nethods described here to Fe
receptors, i @gg%#quLar to receptors in the native formin which the human
i mmune effec ¢ fgmﬂ¥splay them Figure 30 denonstrates that

gl ycoengi neered anti bodi es produced by expression in the anti body

Human g-Mannosidase IT

[0326] The gene coding for the human «-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 Manll-GalT

[0327] A fusion protein (SEQ ID NO:20), consisting of the hManlI CTS and the
catalytic domain of the human f§ 1,4-galactosyltransferase (M22921, amino acids
126-397) was constructed as described below. The hMan(l CTS region was
amplified by PCR from pETR1484 (CF33, GAB252). The catalytic domain of
GalT (amino acids 126-397) was amplified using CF31 and CF35.from
pBlueGalT. The hManll CTS was combined with the catalytic domain of GalT
to obtain a fusion protein controlled by the MPSV promoter (pCLF24). The



producing cells of a nucleic acid encoding a fusion polypeptide with GTIIf
activity, expressed either on its own (antibody Cbrt) or co-expressed in the
anti body producing cells together with a nucleic acid encoding Manll (Cn,
have increased binding affinity to the human activating Fe receptor
FcgammaRI I fA.  As nentioned above for the ADCC assays, these antibodi es have
i ncreased | evels of bisected, non-fucosyl ated oligosaccharides that result
fromthe expression in the antibog%égroducing cells of the fusion

pol ypeptide with GhTIU activity. [ ] Therefore, increasing the |evel of

bi sected, non-fucosylated oligosaccharides of either the hybrid or conpl ex
type in the Fc region of the | ycoengi neered anti bodies | eads to increased

ADCC act i vi t ¥holrpalT\gene whd abtained fomipBlysiatl. Tbegape opding oy Gl avaglonor of a

genot ype that..dges BR68 the FcgamaR]Ic receptor on their NK cells
(Metes, D. eﬁﬂdﬁg‘ﬁeﬁ*%nuno afhbthods 258(1-2):85-95 (2001)). Therefore the

only Fc receptor on the surface of these cells is the activating FoganmaRVA
receptor. (O 'Qﬁkﬂg3 j f i 'Qqﬁﬁgﬁﬁﬁﬁﬁ%RTRR recept or
i s al nost igéﬁ#g%gﬁspg atﬁgﬁzﬁkgngga%%gggﬁﬁ¥§?&¥here ore, 'the above data
al so i ndi cat EBQLYGASTELYGGSNGA AASGQESGHLR DEGARBPRIE £ ASIPRPKES can | ead to
i ncreased ef NGt i S i ayi ng the
chanwaRu]B,ggﬁ%ﬁéQEEyﬁ%&9ﬁ§ﬁ§ﬁ%ﬂt@%§§#3%gﬁi§ﬁ@%ﬁégﬁi'%@ng?ﬁb rel ease of
igxif Frogg?EBVAKE&E@h&QﬂGﬁRﬂ@ﬂEHﬂIVEHHKVJMMEFRHRQ&IEjmﬂNLYYLHPag 58; gQCO|
mat ol . * 20 o A2REr 0N ; -
(1997), Raveﬁf?%aﬁi@?"éﬁ’g% afn‘NMth‘éw- 90 (2001)).
-120- 10324] DCEMNDERNAANRCFSQPRENSWIA MK BGRSLBYVQAWFGGVXaISKQ@FIN neered for
expressi on o j o i i i ith GaTIU
activity andﬁqéwggb %ﬁ?ﬁ@f@ﬁﬁgﬁ*@ﬁg@g?m@mﬁﬁg domai n was
tested al so NEPNPQRADRBHETRETREN GG TR BLI YR YPLBTQITVDIGERS ef f ect or
function that is not dependent on Fe receptors on inmune effector cells.

The vast majority of the oligosaccharides of this glycoengi neered anti body

wgre of é“%ﬁFCt ﬁd mebréﬂbamwas;mpﬁﬂMegm@mﬁn&m@?&F@dgsa@ti \éi é y was
t t_antj to,t i fi ti Oowt
R e B G e P gtbr. e Sbeses was T oot by seqsencing 0"

and exchanged in pCLF24 by Fsel/Dralll digestion (pCLF26). The OriP was
added to pCLF24 and pCLF26 to generate respectively pCLF25 and pCLF27
(Figures 33A and 33B).

Expression of a-Mannosidase and ManII-GalT in HEK 293-EBNA celis

[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 ng total plasmid vector DNA, 469 pl of a IM
CaCl; solution, and adding water to a final volume o£938ul. To this solution, 938
pl of a SOmM HEPES, 280 mM NaCl, 1.5 mM Na;HPO, solution at pH 7.05 was
added and mixed immediately for 10 sec and left to stand at room temperature for
20 sec. The suspension was diluted with 24 ml of DMEM supplemented with 2%
FCS, and added to the T150 in place of the existing medium. The cells were



anti bodies wth increased ADCC but wth reduced CM. may be desirable, for
exanpl e to reduce side effects, such as vasculitis in the blood vessels at
the tunor site, nediated by CM.. Ot her significant MM 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, it is possible to produce

gl ycoengi neered anti bodies with increased ADCC activity and FcganunaRI U

bi ndi ng, but w thout significantlypeducing CM. activity relative to the
unnodi fied anti body, as in the case of antibody Cm (Figure 31). Such

anti bodies would be desirable for applications where maxi mal target cel
elimnation,_requ R0t A nd,high conpl enent activation and CM
activity. C‘elg%ﬁ é@a@t%&r@&%béﬁ }‘ggo %Qégw’baélg%%\eb 3@“%%% that is
possi bl e t o repigpedieih 30 ad DIMEM,dOprEEHIce anti bodi es where a majority of the
Fc-att ol i ggsaccharides__are. of fhe_bisected, non-fucosyl ated conpl ex
type i ?@?ﬁid of ﬂ%?eﬁfalgt g e-Mpnnasidase, By @lect AY CFRaUITHPAISIFEE on pol ypepti de

together W thmBetitids il RIAGE L HOEAEH With pEYRN B4X SR RATHdGOLFP4. t Ogether with a
nucl eic acid encodi ng Manl and with a nucleic_acid encoding GnTlIl (antibody

Cmg). The gRy#iseigibesrsgiiveht Fydhe Bigion prpfein MepHCadh dhenpliswedt i vity and
increased FeaadmRdl with TR 88 fﬂEﬁ'ktIS’zlStQﬁépCEﬁ’%ff &t al Bfo Wrldngheir increased
accC

| evel s of bisected non-fucosylfated oligos arides, while their CM

activity i neseectizely oy don & post-srensfestion funsamfsniones havesipdseesttegetides i ncreases
rel ative tof&ﬂ"sem{nraﬁ?ido Of1} bég]ﬂy% s@&dnﬁ%@:ﬁﬁﬁ@ﬂoh‘??ﬁl-o mhil3foo Thi s and the

previ ous exanpl es have descri he expression of fusion- pol ypeptide
encodi ng nudbmigierdiagd keph A€ t he fusi on pol ypeptide is localized.to the
CGol gi conplex and has a catal ytic domain that conpetes with endogenous
fucosyltransferases for oligosaccharide acceptors previoulsly nodified via
GnTl -121- @arificgticacdf aatidiD29meonopiendiaptibedt gl ycoprot ei ns produced by such
engi neered host cells have increased | evels of non-fucosyl ated

ol i gosaccharides. This exanple denonstrates that co-expression in such host
cel I's d33%cl ei cTharhetwclonsl autibodigwastpntified o 30 @hallstpermatppt hgwowi t h t he above

fusi on-poly 1 J j i Lngrease in the
bi osynt het i (@%El%lfx tg%@ghog%ﬁn%ﬁ%%ﬁﬂs édglgt%df %%rh%’go 0 a?r%ti@)‘(sil(ficchar i des and
t her ef or e t enanhelomsy mttivedyi fonpthe cow antibody present in the serum, followed by a

cation exchange chromatography, to buffer exchange the sample to PBS.

Oligosaccharide analysis

PNGageF digestion

[0333] The monoclonal antibody sample (50 pg) was incubated with N-
Glycosidase F (recombinant, Roche, Switzerland}) at 0.1 mU/pl. The digestion
was performed in 2mM Tris, pH7.0 buffer for 3 hours at 37°C. The released

neutral oligosaccharides were then incubated at 150mM acetic acid for 3 hours at

room temperature. The samples were then desalted with 0.6 m! cation exchange
resin (AG50W-X8 resin, hydrogen form, 100-200 mesh, BioRad, Hercules, CA)
packed into a micro bio-spin chromatography column (BiocRad, 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



gl ycoproteins with increased | evels of non-fucosyl ated conpl ex

ol i gosaccharides relative to glycoproteins produced in cells not
co-expressing the Manll- and/or GnTll-encodi ng nucl eic acids. EXAMPLE 6
Over expressi on of a-Mannosi dase Mol ecul ar cl oni ng Human a- Mannosi dase | f

[ 0326] The gene coding for the human a- Mannosi dase Il ("hManf") (E.C.
3.2.1.114) (SEQ ID NGO 17), under the control of the MPSV pronoter, was
cloned in an expression vector cont aiéau ng the Oi P elenent. The resulting
expression vector pCLF9 is shown i n"'El'gure 32A. The expression vectors
coding for the Iight and heavy chain of the anti-CD20 nonocl onal anti body
were respectively pETRI 842 and pETR 843 (Figures 32B and 32C). Fusion
protei n Mann-obgasIcehagislos] Prier {19 saceh ﬁ?%t‘@?ﬁ“{lé o enae 2Ol clesyisi sting of the

hvanl | CTS a%ﬁ%(}n%n?s%ataﬁd 65@ St @%Qf gl B, " WRRAO com

1, 4-gal actosyl transterase no aci ds 126-39 %exmqg: constructed as
descri bed belobwsacph@dnwnnot h&ﬁ@hﬁé‘bl on was anplified by PCR from pETR1484

pl 1 11 0T g Gl oo AR Bl wichB ORI RSBt 1 1) 0 e
vvihghw}bg\e/ c?gal t;lﬁgerbTﬂQrmi v'LOo‘[heGéagéEtmﬁ (i pm’g?:éed : mesufﬂm %m.;ﬂigxaaicggér 19|r l)ﬁqd by
ToBI seGal T TR g"dé‘ﬁég% inppips ?eéé]"?%{ﬂ&’\é\‘/@ &ﬂ% ﬁséétﬁeﬁﬁ  16) :

MRL REPL L SGSAAMRGBspk (AT REsh VeI O-fl N ItiONEX LIRS JeSR(AGS0W-X8 resin,

SPIVDSCHGPASREFeAT8 R PR SRAEPE BB SEAE et = mico bic-

EL VAKQNPNVKMsir¥hbinkoapticdinin (BrdRNR iz adl) YL HP

VLQRQQLDYG YV NQAGDTI FNR. AKLL NVGFQEAL KDYDYTCFVFSDV

DLI PMNDHNAYRCFSQPRHI SVAMDKFGFSLPYVQYFGGVSALSKQQFLT | NGFPNNY W GW
GGEDDDI FNRL VERGAEInSRRMAY pMp&RERM RHSRDKK

[0336] The 2,5-dihydroxybenzoic acid matrix (sDHB) was prepared by
dissolving 2 mg of 2,5-dihydroxybenzoic acid + 0.1 mg of 5-methoxysalicylic
acid in 1 m! of ethanol/10 mM aqueous sodium chloride 1:1 (v/v). 1 plof
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.

MAIDI/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 spectrum. External calibration using oligosaccharide standards

was used for mass assignment of the ions.

Oliposaccharide profile

[0338] 'The oligosaccharide profile of the anti-CD20 antibody produced in the
presence of Manl 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 fiicose. The o-Mannosidase II competes with the core-Fucosyltransferase,

generating 48% of non-fiicosylated oligosaccharide structures. In the absence of



NEPNPQRFDRI AHTKETMLSDGLNSLTYQVLDVQRYPLYTQ TVDI GTPS [ 0328] The 5' of Gal T was
anplified wiwth 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 pCLF25 and pCLF27 (Figures 33A and 33B).
Expressi on of a-Mannosi dase and Manl T- G1T in HEK 293-EBNA cells [0329] HEK
293-EBNA cells were transfected with the cal ci um phosphate nethod. Briefly,
for the transfection of a Tl 50,15 m25ion cells were seeded 24 hours
before transfection in 28 ml DVEM 10% FCS, 250 g/nil neonycin and

i ncubated at 37C, 5% CQ2 overnight. [0330] For each T150 flask to be
transfect ed, @Mu@hdsidasel,cthe Bligysacchdriies afnile Fevpbrion \oé thepintihaiyege by m xi ng 94
g.total plasmd vector , 469 | of a 1 CaCl2 solution, and addi ng water
to a final vdioEResegPrrys: m°9squw¢n§%ﬁmmtm?,m§%%‘3’>-| of a 50mM HEPES, 280 n

NaCl, 1. 5g3hhNa2HP@he §R}ddidcRArde prdfitt of a@@nmzoaﬂﬁaﬁhg wiéd@dhd Mredi atel y for
10 sec and left to stand at roomtenperature for sec. The suspensi on was

di | ut ed wi t h mesepge obthe Ryvrpsieip Mapk is ghopv iR BigureGSA-Bndds fadeled to the T150
in place of t (hSt i : . | d at 37C, 5%
co2 for aboutﬁ%‘}’%%sg%g’mﬁ%ﬁ%%8@%&% i érglt?p gg%g%kfh 30 i DVEM
10% FCS. [ 033mh-fEmsylatedeligegpechrddastivbinres sicrgasse A highpdresntagenf non-

core-fucosylt Lt I d with,
pPETR1842, pETFQ%%B%é\%S%ﬁE% a{ étg&irugﬁngﬁﬁgge %ﬂﬁs?@éﬁfg?’?@g%ﬁf%r t he fusion
protei n Manl | 15841 To thislo@%cd ndrsfupmsylated sugarssinaddidional8 8% ofliFbRAS®E; pETR1843 and
pCLF25 at a rafi N oGt i, Vs ) 5 - ection,

super nat ant V\%‘téasﬂg%se@tcérdﬁ} ngee;i?‘%ﬁfq%éze%h%f %]ré}ﬁg;?ﬁ%lﬁe Saaﬁ\ 8%%5’8{1%8?# foll onwed by a
second cent rithegasenonof the fildomproteit MABDGaIT phowsfalhoserie®ranfchokept at 4C.
Purification L= CD20 _nonocl onal anti body [0332] The nonocl onal anti body
was purified @éosﬁ%sﬁc@?'supernat ant by two step chronmatography,

0
involving first a Protein A chromatography, to separate the

Biological activity of antibodies produced in the presence of a-Maunnsosidase
II or fusion protein Man¥l-GalT

[0340] In order to determine the effect of the action of c-Mannosidase IT and
Manll-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).

| 1gG binding on CHO-1708-37

[0341] The cell line CHO-1708-37 expressed on its surface the FcyRIITA
receptor (CD16) and the y chain of the FcyRI receptor. The expression of the
FeyRIIIA receptor (CD16) was assessed by FACS analysis using the 3G8-FITC
monoclonal antibody (Figure 36). The CHO-1708-37 cells were incubated at 1
Mio/ml in PBS, 0.1% BSA with different antibody variants, at different
concentrations (10, 3, 1, 0.3, 0.1 pg/ml) and in triplicates. The cells were
incubated for 30 min at 4°C and subsequently washed with PBS, 0.1% BSA.
Antibody binding was detected by incubating with 1:200 fluorescein



nonocl onal anti body fromthe cow anti body present in the serum followed by
a cation exchange chronmat ography, to buffer exchange the sanple to PBS.

A i gosacchari de anal ysis PNGaseF di gestion [0333] 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 perforned in 2mM Tris, pH7.0
buffer for 3 hours at 37C. The released neutral oligosaccharides were then
i ncubated at 150nM acetic acid for 3 hours at roomtenperature. The sanpl es
were then desalted with 0.6 m cati-d%6-exchange resin (AGSOW X8 resin,
hydrogen form 100-200 nesh, BioRad, Hercules, CA) packed into a mcro

bi o- spi n chromat ography colum (Bi oRad, Hercules, CA). EndoH digestion

[0334] The PiNGhwefanatelcegisgtedol iIFghIac cfvar i des-humare digGes (Jacksua t h

Endogl ycosi dase H (EC 3.2 1.96, i t.zerl n_enzyme cl eavi ng

bet ween t he %@W?%Pﬁ?é&g\gﬁ%(?fgv‘?’ggi)gﬂﬁre@mﬁﬁmtafwéﬁcgmeoﬁ‘?%?ée%%re of N-1inked
-124- ol i gospeenkiy red@fing 06 1 18E HoBnd @fiboly aefightd Maatd¥Rithined b@ £nzyme wil |

cleave olig Qse d nost hybrid type glycans, whereas conplex type
oli gosacchar}g‘ggggﬁ\bér &&BW%@GF’%&S@[{%‘QQ giraestliyosacchari des were

digested with 0.2 mJ | Endoglycosydase H in 2mM Tris, pH 7.0. The digestion
is performed_at 37C for_3 hours. The _oligosaccharides were incubated 3 hat

room t enper atRfalioying ansibpdy varpants werg clpded g the vindineast¥ ANYmM@sal ted with 0.6

m cation exchange resin (AGSOM X8 resin, hydrogen form 100-200 nesh,

Bi oRad, Switzerl|land) packed into a mcro bio- spin chromatography col um

(Bi oRad, Swi F¥& (aHéPeRht ri x and sanpl e preparati on [03361 The

2, 5-di hydr ox Qi Gii rix (sDHB) was prepared by dissolving 2 ng of
2, 5-di hydr oxy eni(oil\gm%c%l%sgﬁz. 1 ng of 5-nmethoxysalicylic acidin 1 nil of
et hanol / 10 mM aqueous sodiumchloride 1:1 (v/v). 1 .sl of sanple was

applied [Q\%rzg st ai Ieeaﬁgb%&g’%@u%%%e%% Hr%@e% e10tl a_%ﬁ%ﬁtﬁws m xed. The

sanpl es air-drie p anol was app
binds to the FcyRIIIA receptor with higher affinity than the wild type antibodies..

In vitro Antibody-Dependent Cellular Cytotoxicity (ADCC)

[0343] Peripheral blood mononuclear cells (PBMC) were prepared using
Histopague-1077 (Sigma Diagnostics Inc., St. Louis, M063178 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 killer cells (NK) in the
blood. The blood was dituted 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 (50m1 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. Cells were then washed in
PBS, counted and resuspended in AIM-V at 0.3 Mio per ml. Of this cell



MALDI / TOF anal ysis [03371 The MALD - TOF mass spectroneter used to acquire
the mass spectra was a VoyagerElite (Perspective Biosystens) equi pped 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 Externa
cal i bration using oligosaccharide standards was used for nass assignnent of
the ions. Aieosaccharide profile [Q3381 The oligosaccharide profile of the
anti-CD20 anti body produced in the'lgTesence of Manl is shown in Figure 34.
The ol i gosaccharides found associated to the Fe portion of the antibody are
conpl ex structures, 48% of which lack the core fucose. The a-Mannosi dase |

conpet es wi tssneRwong dPR-UEess gdded pas ekl 9§ @, rounsb heftom Ph gveligplstes
non-fucosqu&ﬁﬁ j i Gt r f -125-

- - Mannosi dase F‘;ﬂggt‘ﬁ%%ﬁlﬁg@snég%%g?%dggiﬁg@{lF\demle:g&glgr?efaﬁﬁﬁagfﬁt he anti body are
conposed onlapd efloved tolyyd ttedargets foc { Qminsat RN FBME gpeffestor cddlodygle. [ 0339] The

ol i gosacchar ] rofi f (™ i . i,h the presence
B L b A

Mannosi dase dells wérk ppirad #ithé Miaper 1of in AT -V wsedinm gndc0el welviidiedGal T, the anount
of non-fucosyl ol i gosacchar,i de stru res |ncreases. A high percentage
of non- fuco ﬂ%ﬂ%?lﬁiig’faﬁwa?éﬁ%ﬁﬂw{s %##&Hnﬁhmga@(oﬂa’@{eures (nr/z 1256,
1419 and  15@dthininkG% . 641 Wi Yastel GRRY litped HHDB0 i oBBoAfldi tional 30%

of hybrid, non- fucosylated structures were found (m z 1622), Therefore, the

sanpl e pr oduelEon yere pdled. Keilling pitaraetrelisiss psgespedby preatEpsthneaieinca 1 T shows

al most  100%gkasB®f thd MeBe bl akisShifHieE bUrRE sotididal Pt 95! activity of ,
anti bodi es produced in the presence of a -Mannsosidase Il or fusion protein

Manf - Gal%%4310340] Spepapgogesclonss wre mensired &rompeells peniaining poly eeehend; on of
a- Mannosi dasggedtr Qe but Ry dnkibCeds T NiaRitaY flfeabd whd ereRHRE Wold HEUOT L he

core-fucosyltransferase, relevant biological assaés were perforned. The
sanpl es wer eopfagingdomy targed aglls pl At T%@G%-m%p%ﬂmfé ge eblspasifisr cytotoxicity

(ADCC) and fQfipdalRlalebdbefiihd WasChitDatt ESEMRHs: ((x ~ SRY(MR — SR)*100,
where x is the mean of Vmax at a specific antibody concentration, SR is the mean
of Vmax of the spontaneous release and MR is the mean of Vmax of the maximal

release.

EXAMPLE 7
Use of Glycoengineered Anti-EGFR. Monoclonal Antibody to Treat
Psoriasis

[0346] Human patients with psoriasis can be treated with a glycoengineered anti-
EGFR monoclonal antibody produced according to the methods of the invention.
In particular, the patient receives weekly infusions of the glycoengineered
antibody at a loading dose of 400mg/m?. Maintenance doses of 250 mg/ m” are
administered on a weekly basis until complete response is achieved.



expressed on the surface of an engineered CHO cell line (CHO 1708-37). 1zG
bi ndi ng on CHO 1708-37 [0341] The cell line CHO 1708-37 expressed on its
surface the FcyRIII A receptor (CD16) and the y chain of the FcyRI receptor.
The expression of the FcyRIII1A receptor (CD 16) was assessed byFACS

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 c&%s were incubated for 30 nin at 4C and
subsequently washed with PBS, 0.1% BSA. Antibody binding was detected by
incubating with 1:200 fluorescein -126- isothiocyanate-conjugated F(ab')?2
goat anti-human |1 gG (Jackson | nEAYREESearch, West Grove, PA) for 30 mn at
4C. The fluorescence intensity referring to the bound anti body variants was
determ ned on a FACSCalibur (BD Bioscience, San Jose, CA) gating |living
cells. The f diseofGhyomginedredisnt-EriBRMenovionad Antibddyde theiTimeagthentbi ndi ng assay
experi ment : ofMet8SstdtiniPrabtate/ Pancdr) Metastitio BredshOmoss, NMesstatic Colp®8dPl] The anti body
produced in the préseacendStage-INhonBSNeoiaSmall Cell Marg]Jancerbi nds to the FcyRIITA
receptor with higher affinity than the wild type antibodies.. 1In vitro

Ant i bod ende I ar ot oxi ci t. ADOCr‘ 0343] Peripheral bl ood
m)nonuc ceI I g“t‘ﬁ%\%ﬂ Cﬁ/‘iﬂl@géﬁ“@ﬂ“%@h?&oc %—T‘&%ﬁ% d%to‘ilﬁ% (Si gna
Di agnosti cs r@HQ c&ls) dir@tdagaih@ IS RUGOHD acdblocfcs){hbauioagteéssent ially the
manuf act ur er ct br.i ef en us bl.oo ken W th
hepari ni zed @%P#H&ég%ﬁg%g WP 1 mn
full h|00vvel;|r Itgroﬁglﬁmé}g,ilb@pgﬂﬂfa?mmzdwo@&ﬂyaﬁﬁﬁgﬂﬁgfwﬂ%fﬂfbﬂsi er cells (NK)
in the 00 The 00 Elute 75-1. ot, containing Ca
or My and | SFEFRIGS0E "ERUE V\ﬁﬁ&gﬁ °%WW5’"&’F‘&E¥§?P’W§E§&‘ &0 i f uged at 400g
for 30 m n adeperde¥igh gmger ature (RT) wit hout br eaks The i nterphase
cont ai n;ﬂ&g t he Pﬁﬂl\/q col | ecte g and wa th PB 8?% per cells from
two grad?®Bks) a H%@%?E&Slf%‘?/" 1? Vaqlew 90 nmin at RT.
Af ter resuspgBehtoRvéitioh R BEhb&H as kiligle agent for treatment of hormone-

refractory (androgen independent) prostate cancer patients, metastatic breast

cancer patients, metastatic colorectal cancer patients and patients with stage Illb

or IV non-small cell lung cancer. Specifically, the glycoengineered RhuMAb

2C4 1s administered intravenously (IV) weekly or every three weeks at 2 or 4

mg/kg, respectively, until disease progression ceases. The antibody is supplied as

a multi-dose liquid formulation (20 mL fill at a concentration of 20 mg/mL or

higher concentration).

[0349] It will be clear that the invention may be practiced otherwise than as

particularly described in the foregoing description and examples. Numerous

modifications and variations of the present invention are possible in light of the

above teachings and, therefore, are within the scope of the appended claims.

{03501 The entire disclosure of all publications (including patents, patent
applications, journal articles, laboratory manuals, books, or other documents)

cited herein are hereby incorporated by reference.



PBS t he PBMC were counted and washed a second tine by centrifugation at

200g for 10 min at RT. The cells were then resuspended in the appropriate
medi um for the subsequent procedures. [0344] The Raji target cells were
washed in PBS, counted and resuspended in DVEM 10% FCS, 1% @ utanax at | Mo
‘per M. To these, 1:100 calcein was added and cells were incubated for 30
mn at 37C. Cells were then washed in PBS, counted and resuspended in AlMV
at 0.3 Mo per M. O this cell -127- suspension, 100 1 were added per well
of a round bottom 96 well plate. Antibodies were diluted in AIMYV, added in
50 ul to the preplated target cells .gpd 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

Mo per m i,&qglf\@%{ iy and 50 | were added per well. The plate was
i ncubated for hourdg'%at g??C in a humfied atnosphere containing 5% CO2.

Cells were washed twice in PBS and 200 pl of borate solution were added.
Killing of target cells was assessed by neasuring the calcein released in
the nediumafter lysis with the borate solution (FIG 37). 10345] Sponaneous
rel ease was nrasuriehbst tellnengkéred RodXbREIdt NghsORe)utisk Geld edbudingef f ect or cel |'s

but no anti bodi.es. .Maxi.mgl rele. was, determ ned fromwells containing
only tar get _ CBHPLPEIG PRE B AR aa P A SRy &
ant i body- medif1,8pgdackdshlngnsf@sseCativity @l &6l adsudtoubnt td modify 8 / (MR - SR)*

100, where x js the nean of Vmax at a_ spec¢jfic, antibody congcentration, SR
is the nean €0 g 17 the Fegemeny @ég@ug?ﬁ)bmqylgosttq?g, nmean of Vnax

of t he nmaxi Mal wheréh 88 ol lif sefeduserath tha REAEEE @ aAMdle EGFR
Monocl onal Antibody to Jreat _Psoriasis 0346] Human patjents with

psoriasi s carfieodyaeleie. dn enibadyfrogmsnh ghhe Sisil maptein thagmrlvdesfoc| onal
anti body prodigies eqfifalintliotBe FrefibfofminRkRodbulike | nvention. In particul ar,

the patient receives weekly infusions of the glycoengineered antibody at a
| oadi ng dose of 400ng/ n2. Mai ntenance doses of 250 ng/ nR are

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

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

4, The bost cell of claim: 1, wherein said polypeptide produced by said host
cell is a fusion protein that includes a region equivalent to the Fc region of a
human IgG.

5. The host cell of claim 1, wherein said polypeptide produced by said host
cell exhibits increased Fc receptor binding affinity as a result of said
modification.

6. The host cell of claim !, wherein said polypeptide produced by said host
cell exhibits increased effector function as a result of said modification.

7. A bost cell according to claim 1, wherein said fusion polypeptide
comprises the catalytic domain of (1,4)-N-acetylglucosaminyltransferase Il or
B(1,4)-galactosyltransferase.



adm ni stered on a weekly basis until conplete response is achieved. -128-
EXAMPLE 8 Use of dycoengi neered Anti-ErbB2 Monoc| onal Antibody in the
Treatment of Metastati'c Prostate Cancer, Metastatic Breast Cancer, :
Met astatic Col orectal - Cancer, and Stage Illb or IV Non-Small Cell Lung

" Cancer. [0347] RhuMAb2C4 is a full-1ength, humani zednonocl onal anti body
(produced in CHO cells) directed agai nst ErbB2. RhuMab 2C4 bl ocks the
associ ated of ErbB2 with otther ErbB fanmi |y nmenbers thereby inhibiting
intracellular signaling through the ErbB pat hway. RhuMAb 2C4 not only
inhibits the growth of ErbB2 overeggro_essi ng tunors but also bl ocks growh
of tunors that require ErbB |igand- dependent signaling. 10348] A

gl ycoengi neered form of RhuMAb 2C4 made by the nethods of the present

i nvention can, be ﬁig .a0g [ ne- refractory
(andr ogen ingbepeno&ik}z) ﬁg?"g"sta g“@%ﬁ%@%ﬁ%@?%ﬁ@%@%&?@&%r east cancer
patients, netcasbprtds che Golpi dotakitationriomninpeft a efeslogoas Galgl essidentni t h st age | Ub
or N non-smal|.cell. lung cancer. Specifically, the glycoengi neered RhuMAb

2C4 i's adni niROPEPRYCI ntravenously (1V) weekly or every three weeks at 2 or 4
ng/ kg, respectively, until disease progression ceases. The antibody is

supplied as a nulti-dose |iguid forpul ati,on, } i|ll at a concentration
of 20 nghnL of- h@?ﬁi@ﬁ@gﬂ’ﬂﬁ%‘fl% ’.WIPW@]A@@%?L#Z&B%“ @& that the
i nventi on mays e iRt brcdehag drahamhssdakdi@an as particularly described in the

foregoi ng description and exanpl es. Nunerous nodifications and variations
of the present invention are possible in |ight of the above teachings and,

therefore, arg, W tajol cbilRcoraRizto Qhint §) SwnpRERsECLIS I MRtiol 3R] The entire
di scl osure of all publications (including patents, patent . applications,

journal arti cifths lolizgtiendaman efdilArY-eceiyfgincosaminyifersdiesgdcument s)  cit ed
herein are hereby incorporated by reference. -129- WHAT WVE CLAIMIS: 1. A

host cell engineered to_express at | east one_nucleic. acid encoding a
11.  Ahostcell according to claim 8, wherein said Golgi localization domain

is the localization domain of B(1,2)-N-acetylglucosaminyltransferase II. .

12.  Ahostcell according to claim 8, wherein said Golgi localization domain
is the localization domain of mannosidase 1.

13. A host cell according to claim 8, wherein said Golgi localization domain
is the localization domain of a1-6 core fucosyltransferase.

14,  Ahostcell accordingto claim 6, wherein said increased effector function

is increased Fe-mediated cellular cytotoxicity.

15.  Ahost cell according to claim 6, wherein said increased effector function
is increased binding to NK cells.

16.  Ahostcell according to claim 6, wherein said increased effector finction

'is increased binding to macrophages.

17.  Ahostcell according toclaim 6, wherein said increased effector function
is increased binding to polymorphonuclear celis.



fusi onpol ypeptide having (i(1,4)-Nacetyl glucosam nyltransferase ||
activity or (3(1,4)-galactosyltransferase activity in an anmount sufficient
to nodify the oligosaccharides in the Fc region of a polypeptide produced
by said host cell, wherein said polypeptide is selected fromthe group
consisting of a whole antibody nol ecule, an anti body fragnent, and a fusion
protein that includes a region equivalent to the Fc region of an

i mmunogl obulin. 2. The host cell of claim1, wherein said pol ypeptide
produced by said host cell is IgGor a fragnent thereof. 3. The host cel
of claiml, wherein saidpolypeptideg%?ducedbysaldhost cell is 1gd or a
fragnent thereof. 4. The host cell claim 1, wherein said polypeptlde
produced by said host <cell is a fusion proteln that includes a region

equi val ent t% the Fc region of a, human 1gG_. 5. The _host cell of claima1,

wher ei n sai d®pol YWOStFHECHHBEREHNL 6, V@’é?%fé‘éﬂ““%ﬂf" IR EBEYR | nereased Fe

receptor bi ngiRgah bindinkYo MenRyte€sul t of said nodification. 6. The host
cell of claiml1l, wherein saidpol ypeptide produced by said host cell

exhibits increased effector function as a result of said nodification. 7. A
host cell aggor di {en & 1o et ev’;ﬁgfeﬁféaﬂdfb%eﬁ R ¥RER de conpri ses
the catalytic dongn}?Jrs] of cgk g c%{acety ucoscan‘% ne trénsf‘ggrnase 11 or
(3(1,4) -gal asmseysedudacmmaézsemdnmapostom\ host cell according to claim?7,
wherein said fusionpol ypeptide further conprises the Golgi |ocalization
dormai n of a heterol ogous Gol gi resident polypeptide. g. A host cell

accor di ng t 02&| aiAhgtcellasoming tecliink Govigiei ssidaicrasdicectafmetion i s the

| ocal i zati ong %F@! H. 10. A host cell according to claimS§,
wherein said & erad&;a |zaf omin is the localization domain of
0(1,2)-N acellyl gIAlm@aﬂnwyﬂng&aﬂhmr&%etemsiﬁmcma@dsﬁemﬁimamwr ding to claim
8, V\/nerel n s? %)edgflcehgca zation domain is the |localization domain of

0(1, 2) - N- acetYIGT icosant nyl B ansf er ase H.

22. A host cell according to claim 5, wherein said Fc receptor is Fey
activating receptor.

23,  Ahost cell according to claim 5, wherein said Fe receptor is FcyRIITA
receptor. ‘

24.  Ahost cell according to claim 1, wherein said host cell is a CHO cell, a
BHK cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a P3X63 mouse
myeloma cell, a PER cell, a PER.C6 cell or 2 hybridoma cell.

25. . Thehostcell of claim 1, wherein said polypeptide produced by said host
cell is an anti-CD20 antibody. »

26.  The host cell of claim 25, wherein said anti-CD20 antibody is IDEC-
C2BS.

27.  Thehostcell of claim 1, wherein said polypeptide produced by said host
cell is the chimeric anti-human renal cell carcinoma monocional .antibody
chG250.



12. A host cell according to claim8, wherein said Golgi |ocalization domain
I's the localization domain of mannosi dase |. 13. A host cell according to
claim8, wherein said Golgi |ocalization domain {IS the | ocalization donain
~of al-6 core fucosyltransferase. 14. A host cell according to claim®,,
wherein said increased effector function is increased Fc-nediated cellular
cytotoxicity. 15. A host cell according to claim®6, wherein said increased
effector function is increased binding to NIC cells. 16. A host cel
according to claim6, wherein said increased effector function is increased
bi ndi ng to macrophages. 17. A host -t@ll according to claim®6, wherein said

I ncreased effector function 1is increased binding to pol ynorphonucl ear

cells. -131- 18. A host cell according to claim®6, wherein said increased
effector funggi onpyd fef &wm ] gﬂm o&ngrﬂag%yéaasone%%m@te@ost cell
according to claim 6, wherein sal ed effector function is

i ncreased di mmi@msqugqsmdmagmanuwmlawomdsm@odmamhgmfwen| according to
claim®6, C eased dendritic
cell matur am&rteq}ﬂlaﬁﬁ\m‘%es{%@%ﬁ?&g%%%r tg(iﬁe(% r%éf& &f:afr?nﬂ'%‘fmr\l?ﬁig?‘%l{nn sai d increased
effector function is |ncreased T cell primng. 22. A host cell according to

claimb, wher,gin |dF tOI’IS Fo ivati.n .0 23. A host
cell accordi r‘lzg to ré'l e?éﬁ Igga?sg?:rg&u‘élegagg c@é’i’%l A receptor.

24. A host caIﬁhsum@olypd:nﬂghstvmgcﬂ(m)m&cetjnglammnylamkférmtIHmivity| s a CHO cel |,

yelom cel | o RapupPaTeiroaiily i SpembfEkeiR A Sominives °> Thohos,

cell of clai mohoteMernemtn sai d pol ypepti de produced by said host cell is an
anti-CD20 anti body. 26. The host cell of claim?25, wherein said anti-CD20
anti body is | DEC

30.  Thehost cell of claim 28, wherein said at least one transected nucleic acid
encodes an amti-CD20 antibody, the chimeric anti-human neuroblastoma
monoclonal antibody chCE7, the chimeric anti-human renal cell carcinoma
monoclonal antibody chG250, the chimeric anti-human colon, lung, and breast
carcinoma monoclonal! antibody ING-1, the humanized anti-human 17-1A
antigen monoclonal antibody 3622W94, the humanized anti-human colorectal
tumor antibody A33, the anti-human melanoma antibody directed against GD3
ganglioside R24, the chimeric anti-human squamous-cell carcinoma monoclonal
antibody SF-25, an anti-human EGFR antibody, an anti-human EGFRvII
anfibody, an anti-human PSMA antibody, an anti-human PSCA antibody, an anti-
buman CD22 antibody, an anti-human CD30 antibody, an anti-human CD33
antibody, an anti-human CD38 antibody, an anti-human CD40 antibody, an anti-
human CD45 antibody, an anti-human CD52 antibody, an anti-huwman CD138
antibody, an anti-human HLA-DR variant antibody, an anti-human EpCAM
antibody, an anti-human CEA antibody, an anti-human MUC! antibody, an anti-
buman MUC] core protein antibedy, an anti-human aberrantly glycosylated
MUC1 antibody, an antibody against human fibronectin variants containing the
ED-B domain, or an anti-human HER2/neu antibody.

31. A method for producing a polypeptide in a host cell, comprising:

a. culturing & host cell engineered to express at least one nucleic acid
encoding a fusion polypeptide having B(1,4)-N-acetylglicosaminyltransferase ITI
activity or f§(1,4)-galactosyltransferase activity under conditions which permit the



C2B8. 27. The host cell of claim1, wherein said pol ypeptide produced by
said host «cell is the chineric anti-human renal cell carcinoma nonocl onal
anti body ch@&50. -132-] 28 The host cell of claimi, further conprising at
I east one transected nucleic and encodi ng an anti body nol ecul e, and

anti body fragnent, or a fusion protein that includes a region equivalent to
the Fc region of an i munoglobulin. 29. The host cell ofclaimi1;,, wherein
said at | east one nucleic acid encoding a fusion pol ypeptide having
(3(1,4)-Nacetyl glucosaninyl transferase |11 activity or

(3(1,4)-gal actosyl transferase activitypls operably |linked to a constitutive
pronoter elenment. 30. The host cell ofclaim28, wherein said at | east one
transected nucleic acid encodes an anti-CD20 anti body, the chineric
anti-human n I hhsti ric anti-human
renal cell 3#%@%%@359 ngfa§%%1§ﬂ% %é?@o, tﬁgkghlﬁg%?g anti - human
col on, |ung, muhodwrme]sctule,a!an@bn@mﬁ:amb@hd)aefmsicmmrbtbhdbatmﬁdﬂ athe humani zed

anti-human 17- ti bo mani zed

anti - human c6Féngggm%ﬂg§9%%$9§ﬁ%ﬁﬁ%ﬁag ég%tl-ﬁm%% %nona ant i body
directed agaiprtﬂypeﬁﬁ&mg@mgéedmmrbmﬁﬂéuﬁcfmtinhaﬂﬁ?ﬂmohgﬂaaechmhm squanous- cel |
carci noma nono . %ﬁfdg’aSF 25 4an nti.-%rtmﬂ_ggl? ant i body, an

anti - hunan ECR rc@ﬁ?? FPUdR Prodpce ﬁs’ﬁ% &% Mbdy, an anti-hunan PS
CA antibody, an ai- hwohite Qdbdheptidaody, an anti-human CD30 anti body, an

anti-human CD33 antibody, an anti-human CD38 anti body, an anti-human CD40
anti body, an anti- human CD45 anti body, an anti-human CD52 anti body, an anti

human CD138 @t i bﬂdﬁathoﬁnao%ﬁﬂinghﬂdnﬂﬂnﬁl]Aw@Brdﬂﬁ@hd%m&ﬂ&:bl?p@ﬁde an anti - hunman

ant - honan. MOREHBEEP e PSP Ay T e R BB AE 1y

gl ycosyl at ed 5M4§:gﬂaaagyhﬁﬂgfemﬁn anti body agai nst human fi bronectl n variants
containing the ED-B donain, or an anti-human HER2/ neu anti body. 31. A

met hod for producing a polypeptlde in a host cell, conprising:
33. A method according to claim 31, wherein said fusion polypeptide further

comprises the Golgi localization domain of a heterologous  Golgi resident

polypeptide.

"34. A method according to claim 33, wherein said Golgi localization domain
is the localization domain of mannosidase 1.

35. A method according to claim 33, wherein said Golgi localization domain
is the localization domain of B(1,2)-N-acetylglucosaminyltransferase 1.

36.  Amethod accordingto claim 33, wherein said Golgi localization domain

is the localization domain of mannosidase I,

37. A method according to claim 33, wherein said Golgi localization domain
is the localization domain of B(1,2)-N-acetylglucosaminyltransferase IL

38.  Amethod according to claim 33, wherein said Golgi localization domain
is the localization domain of o 1-6 core fucosyltransferase.

39.  Amethod according to.claim 31, wherein said polypeptide has increased
effector function as a result of said modification.



a. culturing abort cell engineered to express at |east one nucleic acid
encodi ng a fusion polypeptide having (3(1, 4)-N-acetyl gl ucosam nyl transferase
11 activity or (3(1, 4) gal act osyl transf erase adt|V|ty under conditions
_which permit the -133-'production of a polypeptide selected fromthe group
consisting of a whole antibody nol ecul e, an anti body fragnent, and a fusion
protein that includes a region equivalent to the Fe region of an '

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

pol ypepti de produced by said host celi4. and b. isolating said pol ypeptide.
32. A nethod according to claim 31, wherein said fusion pol ypeptide
conprises the catalytic domain of (3(1,4)-N acetyl gl ucosam nyltransferase
11 or (3(1,4)-galactosyltransferase. 33. A nethod according to claim 31,
wherein said fusion pol ypeptide further conprises the Golgi |ocalization
dormai n of a Het erbmgmdaoc&dﬁ@tocldsiﬂewhereipmglméedﬁecmﬁmﬂionet hod accordi ng
to claim 33, JrSal I|z tion domain is the localization
domai n of rrarl*ns%m ec eaq%tg) e%““r%? oo?f“cé@"cor ding to claim 33, wherein said

ol gi Iocallzatlon donaln |s the | ocalization domain of

f3(1,2)-N—ac yl g tra sf ccording to claim
33, wherein %&gﬁog gfaf 9 ﬁﬁ?‘ﬂm ’é‘cﬁeﬁfg&?‘%?g?r&?é"?on domai n of
mannosi dase ism&&asedﬁbxﬁﬂih@mdﬂaaﬂm ding to claim 33, wherein said Gol gi

| ocalization domain is the |ocalization domain of

f3(1,2)-Nacetyl gl ucosam nyltransferase H 38. A nethod according to claim
33,, wherein4zai dAE@t}@iiaéce@dgftaaaﬁxmv WhdFEih Baid inSrebsd@effeodfubatidhi on donai n of a
1-6 core fucosyltrans ase. A nmet hod according to claim 31, wherein

sai d pol ypept““l‘é“é"q‘f F‘ﬁ’ég é%"é‘EPPh%ﬁe?ect or function as a result of said

nodi fication. -134- 40. A nethod according to claim39, wherein said

i ncreased effector function_. is increased F diated cellu]lar cytotoxicity.
. Amethod according to claim 39, wl?ergm sael"d &Ereased clgector functi JDn y y

is increased binding to monocytes,

44,  Amethod according to claim 39, wherein said increased effector fimetion
is increased binding to polymorphonuciear cells.

45. A method according to claim 39, wherein said increased effector function
is direct signaling inducing apoptosis.
46,  Amethod according to claim 39, wherein said increased effector function

is increased dendritic cell maturation.

47. A method according to claim 39, wherein said increased effector function

is increased T cell priming,

48, A method according to claim 31, wherein said polypeptide produced by
said host cell exhibits increased Fc receptor binding affinity as a result of said
modification.

49.  Amethod according to claim 48, wherein said Fc receptor is Fe aétivaﬁng
_ receptor.



41. A nethod according to claim39, wherein said increased effector function
is increased binding to NK cells. 42. A nethod according to claim 39,
wherein said increased effector function is incréased binding to

.macr ophages. 43. A netHod according to claim39, Wherein said increased
effector function is increased binding to nonocytes. 44,

‘Anet hodaccor di ngt ocl ai m 39, wherein said increased effector function is

i ncreased binding to pol ynor phonucl ear cells. 45. A nethod according to
claim 39, wherein said increased effector function is direct signaling

i nduci ng apoptosis. 46. A nethod accpiding to claim39, wherein said

i ncreased effector function is |ncreased dendritic cell maturation. 47. A
met hod according to claim39, wherein said increased effector function is
increased T cell priming. 48. A neth CCOFdJ t o cl ai wherein said
pol ypept i de pgidu@%ﬂg%vgmﬁ%@ﬂgﬁbg%nbgﬁI%8§WFEF m%m@%ﬁgghaéé'receptor

bi ndi ng af fi nieégpiors a result of said nodification. 49, A nethod according
to claima48, wherein said Fe receptor is Fe activating receptor. 135- 50. A
met hod according to claim48, wherein said Fc receptor is FCcyRII1A

receptor. 51.sA mAhaHoBReaiEE Bocldity T, Rhdiis daid plifieptide fradudedds) ypept i de

produced by said host cell has an i ncr eased pr.oportion of bisected

ol i gosacchar i gikhosysell h%m@crwlpmomngﬁb@c&épywwwes@ he ¢ et hod
accordi ng to ghigh Brs3ib HB&M%E” sai d pol ypeptide produced by said host cel
has an increased proportlon of nonf icosylated oligosaccharides in the Fc
regi on of said polypeptide. 53. A nethod according to claimb52, wherein said

nonf ucosyl at eg, olAﬁaﬁ@fp&bﬁ&hggédaﬁues1bwbé:&i9saiééomépﬁséﬁ}&ﬂwmrdi ng to claim

52, wherein sal'd nonfucos )
said host cell has an Increased proportion of nonfucosylated oligosaccharides in

the Fc region of said polypeptide.

53. A method according to claim 52, wherein said nonfucosylated
. oligosaccharides are hybrid. -

54, A method according to claim 52, wherein said nonfucosylated

oligosaccharides are complex.

55.  Amethod according to claim 31, wherein said polypeptide produced by
said host ccll bas an increased proportion of bisected, nonfucosylated
oligosaccharides in the Fc region of said polypeptide.

56. A method according to claim 55, wherein said bisected, nonfucosylated
oligosaccharides are hybrid.

57. A method according to claim 55, wherein said bisected, nonfucosylated
oligosaccharides are complex.

)
58. A method according to claim 55, wherein at least 20% of the
oligosaccharides in the Fc region of said polypeptide are bisected,
nonfucosylated. |



ol i gosacchari des are conplex. 55. A nethod according to claim 31, wherein
sai d pol ypepti de produced by said host cell has an increased proportion of
bi sected, nonficosylated oligosaccharides in thg "Fc region of said
.polypeptide 56. A nethod according to claim55, wherei n sai d bi sect ed,
nonfucosyl ated oligosaccharides are hybrid. 57. A nethod according to claim
55, wherein said bisected, nonfucosylated oligosaccharides are conplex. 58.
A met hod according to cIa|n155 wherein at | east 20% of the

ol i gosaccharides in the Fc region of said polypeptide are blsected
nonfucosylated. J -. -136 59. A netﬁgd according to claim 55, wherein at

| east 25% of the oligosaccharides in"the Fe region of said pol ypeptide are
bi sect ed, nonfucosylated 60. A method according to claimb55, wherein at

| east 30@6of oI| acc rides.i,n e Fc re ai ol ypeptide are
bi sect ed, fucés i ? 2 Qe ﬁ{; ] éf'%.?,ﬁdg% wherein at
| east 35% of ?@acdhhma@sac@tbamcde@dm drheaif Cpdlp@btide afe Lidette@ol ypeptide are

bi sect ed, non ucosyl at ed
' nfucosylated.

60. A method according to claim 55, wherein at least 30% of the
oligosaccharides in the Fc region of said polypeptide are bisected,
nonfucosylated. ’

61. A method according to claim 55, wherein at least 35% of the
oligosaccharides in the Fc region of said polypeptide are bisected,
nonfucosylated.





