FUSI ON CONSTRUCTS AK) USE OF SAME TO PRODUCE ANTI BODI ES W TH | NCREASED Pc
RECEPTOR Bl NDI NG AFFI NI TY AND EFFECTOR FUNCTI ON BACKGROUND OF
THE | NVENTION Field of the Invention [0001] The present invention relates to
the field of glycosylation engineering of proteins. Mre particularly, the
present invention relates to nucleic acid nolecul es, including fusion
constructs, havi ng pedieNYIONSTRUCITY IAND @erRiOr bavese Iomsaae i n gl ycosyl ati on
engi neering of hostiBOBIHSSWITH IHEREASER FPREGEEUIR BIBDING WFFINTPY oved t her apeuti c
properties, including anti bodNgSEMFHOTORMCNEHSGY Fe receptor binding and
i ncreased effector function. Background Art [0002] G ycoproteins nedi ate many
essential functions in human bei ngs, other eukaryotic organi sns, and sone
prokaryotes, including catalysis, signaling, cell-cell conmmnication, and
nol ecul ar recognition and BASUERGUNDOF THESNVENKEONIp t he majority of
non-cytosolie proteins in eukaryotic organisns, (User at, Eur. Biochem
218:1-27 (1993)). Many glycoproteins hive been exploited for therapeutic
pur poses, and dtieldpfihe heenticast two decades, reconbi nant versions of
natural | y-occurring, secreted glycoproteins have been a major product of the
bi ot echnol qgo1] NAUS trhpresknt BVRIEPrelalE LUtk RIoY BIDLORMoR ki dhebrElzQ} . t herapeutic
nonocl onal anti bodj es (therapeutic mAbs), tisSue plasm nogen activator (tPA),
interferond, (|1¥ENeps “&'%HWWVe%%%W&@f@“d@P‘GﬁV svdlef pad i ng fact or
(Gl E') ol andlhﬁg&ﬁa%ﬁﬂﬁ%w@ 0003&%&&@":@5&@&&‘&5 i d. B one

ycobi ol ogy1: - ) - e | gosacchari de copponent can
significantly affé&t 8%‘;8’3’3?’% %”@?L?’r@ﬁé’%g‘?ﬁ RO BTReTEe ?‘?@5&‘%}13%?1 t her apeuti c
gl ycopr ot ei n, iingptovel thgapphiy propatiessibetliidgiahtibodissyaithdt canamed Ft ®oepont ease at t ack,
interactions with.the, ] mune -system. bharmacokineties, and specific
bi ol ogi cal acti vi tf. %’ﬁcﬁaspr operties rmy depend not only on the presence or
absence, but also on the specific structures, of oligosaccharides. Sone
gener al i zat i onsghet wegnol i gosaccharide structure and glycoprotein function
can be made. For exanple, certain oligosaccharide structures nediate rapid
cl earance of the glycopntein fromthe bl oodstreamthrough interactions with
speci fic caadeghydr atgcdpriisthstBedRieQh Al BRentiHilcBond td HifnSn Sedks e OUNd by
anti bodi es and trigger undesired inmune r,ea}c_i ons. (Jenkins_ eta)., Nature
Bi ot echnal . 14: § O AN STSBEAMNRIP BT IRe CRBPTS Sighaing 8- pref erred hosts
for production efl cénaumiptii and nleyidapecofttion and iveiatich. Thaidiakeapabi |l ity to

gl ycosyl ate proteins.in. the t _conpatible formfor.h plication.
(Cumm ng el el, %%%W%Ingiﬁ‘iﬂﬁcﬁo?@%p”(T’Bﬁi‘%@rﬁaenﬁﬁshéméz aqg‘?u,r'%pNature Bi ot echnot
14:975- 81 (1996)pcheBaibdrd’a(198))y Mame Blycogiojegusyvabenprplbiidns and |i ke ot her
types of comONLARSLS puSHEh RFaY SRRk st b hADRDL QUSpih G ods B ECt and pl ant

cells, yield glycosylatiou patterns associated wth rapid clearance fromthe
bl ood stream ukérElyoegirisg, sisreteeelysrpmicine tipwsrhsen amaior prodshel Bpeci fi c cases,

reduced bi ol ogi Gekchaddely \hdudtey. ATHRR eﬁ@ﬂ&'égﬁl&oﬁﬁéﬁhm@{h&%@a”ﬁter ovary
(CHC) cells have been rm.eq,c mon used duri ng@hhe | ast &gg decades. In
addition to gi VPPRIOSH 14 déesg}l"g}%‘é%ﬂé& ShAsprRlasEingen epthaOe(ed | s al | ow
consi st ent genein@iféranp, GENGS, einileatd-Masdphdpe eslodyistfbiytifp et (kvve cl onal cell
i nes. They ca ltured to high SiLli KN sinpl.e bioreact om using
serumfree ned?%%’a%&ajd li|5l(§]?mr?'n fhogﬂnelc %\%ﬁ%f?#gnﬁ‘%gf)' sg(?“glgrélﬁ%l 4 eafir oduci bl e

bi opr ocesses. Crhebiobanitbiitij0 (i984D)-ani mal cel |l s incl ude baby hanster kidney

(BH< cel| 300050 anth SRALLHHRYS EolbEhiP T SRhikishon Ui (2GRAK ¥, _pr oduct ion

fromtrarsgenic aninmals has al so been tested. (Jenkins et at, Nature
Bi ot echnol . 1 4:179},2@;;@;9_1116 g_@%y 91’ a therapeutic glycoprotein, including physical stability,

resistance to protease aftack, interactions with the immune system,
pharmacokinetics, and specific biological activity. Such properties may depend

pot only on the presence or absence, but also on the specific structures, of
oligosaccharides. Some generalizations between oligosaccharide structure and



(O005] Al'l anti bodi es contai n carbohydrate structures at conserved positions in
t he heavy chain constant regions, wth each isoiype possessing a distinct arny
of N-linked carbohydrate structures, which variably affect protein assenbly,
secretion or functional activity. (Wight, A, and Murrison, S. L., Trends

Bi ot ech. 15:26-32 (1997)). The structure of the attached N-Iinked carbohydrate
vari es consi derably, depending on the degree of processing, and can incl ude

hi ghmannose, nultiply-branched as wel}_ as biantennary conpl ex

ol i gosacchari des, (Wight, A, and Mrrison, S. L., Treads Biotech, 1526-32
(1997)). Typically, there is heterogeneous processing of the core

ol | gosacchar | deugbiich Wikof e Biical Ff Rl Gl oBY@OSNAAL 1 ON S te such
t hat even npnoclonal anti bodies exist as mul t| mgtg?gcof ornms. Likew se, it

has been shown StrA&FesRydAte HP'f‘f"@Fré‘i"FEé’étqeerﬁ?R‘?tﬁb&S? IR on occur between
ce:jl | Id nffs andhﬁwiﬁmtmdﬁ@ﬁsﬂmﬁﬁe&ﬁemmdﬁ[&?nﬁﬁgﬁot@% wiildhhéRBarC el | bI i Ine grown
under di erent ul ture i ns e ycobi ol ogy
5(8):813-22 (198 3‘)‘1 aby 6@5%#%&%40% ?H#ﬁﬂ%%ﬁ%‘?&?ﬂsaﬁ?ﬂ%&é& s” (mAbs) canbe
usef ul nmedi ci ne&uiroBiotebimok 1L 8 990, cancer, as denonstrated by the U S. Food
and Drug istrafjon' s approv nnd DEC
Pharnnceutﬂé(;&é{]s Safﬁ{I nahan tﬁe%rc%érg Of%c%pﬁ éhon nC| sco, CA), for

t he treat nent cglycmenpcﬂwtw \ﬂ@er’ap@thxtd amogylatd@mmml ﬂhcarwlsiar Non- Hodgki a' s
| ynphoma, Tr ast%yﬁggfc(lﬁqg (N Ysp! E&Hﬂ 1 ) BG. mdiQr i esd r eat nent  of
advanced breast cancer ﬁ Ep nmﬁ mﬁg & %Cbt ‘%II E?G 66-73 (1999);

Gol denberg, M (MSD: @J’qkﬁlsefl'ﬁowamzel 'W@B”(Wé@@)()”%ﬁﬁ@twmﬁhb (Ml ot ar ed,

Cel | t echl WWet hAyei slydosiate ploRis, lak Elade BBE pef of ERIARISHs, aeHiS el 0i d | eukem a,
and Al em ruziun i ATI.I rm Maki n= Phanpaceuti cal si Schering AG for the

treatment of B P ARl el YiPd glERTY EOnPRIET ARREY of t hese product s
relies not onl Wa;ﬁ&t&afm@fﬁomomwobuﬁemhﬁ@mﬂmmhﬁmbm&mbﬁ&lam ng safety
profiles (Grlll et _al 6: 1999 Gol denberg, M M,
& n Ther - o1 SaRagA Gl WDioar S A7 Bl pRR O Fhese tr lgs.
there is cur rerﬁhknfs@amapr@ew(ﬂé@)@smshﬂwb@mrmsmomgaomgnéﬁm@m fic antibody

B et han Wik lisaoth Gk A YRR BB

91?35 t herapy.
[0007] One way to obtain |arge I ncteases | while nmaintaining a sinple
product i on pr ocdew cesiser Gertipm pf spnedicadly ateble hﬁhljrwffdil@émt&hﬂﬂl edesi rabl e si de

effects, is tOﬁ@"@ﬂ%aﬁﬁ%uﬁﬁéd%ﬁghdéﬁﬁh&ﬂ%l@&@z@a&ﬁ{&ﬁ%%UnCt'OnS of enAbs
by engi neering thel [ olégos ﬁl arj de conponent éqmafl a, P. et at, Nature

Bi ot echnol . 17:TFy8e4adp PGy A TBRspugble bioRmesiis commnly used
antibodies in aame&mmmymmaﬁxharcapwcméeebgwﬁmmh@(mﬂcbhalts have a conserved
N-1inked gl ycos%é oat |(9§ shie at n29711 a(c:h dooggli,ci . o1he two conpl ex

bi ant ennary ol i"gosacchari FEEF AT T o WERITT I & u‘"’rloeér Bet ween the CH2
domai rs, fornm rgegxtiensnie hootmp detstesadt Hlankies goll.y Noptei Rigedhedkbone, and their
presence is es q@t,gg %gbp the antibody to nediate effector functions such as
anti body de ent ce ar cytotoxicity (ADCC) (Lifely, M R, et aL, -4-
d ycobi ol ogﬁﬁmif] 813- 4P sutibatigpntain erobydraie stpeturegdt copservedmgsigTsin Rev. 163: 59- 76

(1998); Wi ght ,the‘}\ea\@'raﬁjalﬂ\@ﬁﬁﬂnsﬁ onss‘nthleaohlg se B3l @Rty 45: 26- 32 (1997)).
[ 0008] The pre i, NV 3@? showed vi ousl y that cver exFr ession in Chinese
eyt

hanster ovary TR e4res ) WHEPA BRI SRR PEUTR A5 PEP#Enst erase 111
(QuT1l. 1), a glsy@mybrtﬁmﬁ@famaaer Mﬁ@l.)ﬁlzaﬂdgdohhen,ﬂdr ri'aa‘niiscmot@:ﬂ bi sect ed

ol i gosacchari des, cant Hﬁ | i actl vity of an
ant i neur obl asto%(g%%?lr%gﬂ cﬂr]fgr%cc gr%t; ?“% {h %E?i uced by the
engi neer ed CHO corsfdersbly( Spendingeob ahe @greepf apcessmn endecaBmtué@hmbt 17:176-180

(1999), Inter n%hmélm wﬁr&ﬁﬁmmm ﬂ&ﬁé&%ﬁxoﬁ@ema{awse contents of each
of which are her?lgg/ i ncor’porate rence in elr entirety). The anti body

chCE7 bel ongs t& tb&r@él@ra%sok 5@%#}%@5tféaﬁﬂ%ﬁamﬂwc%we hi gh tunor

affinity and sprgdibhdddgéneofdrocBRing oftmoﬂebﬁ osRcRAEREMrbsQttRBedCl | Ni cal Iy useful
when produced in standard |ndustr| al cell Tines Iacélg 5the GnTI D enzyne

(Urbana, P., et &particyss gycosstiop sitespchthat oven mgnaciggal % Hat study was the
first to show that |arge increases of ADCC activity could be obtai ned by
engi neering the antibody-producing cells to express GhTlic which also led to
an increase in the proportion of constant region (Fc)-associated, bisected
ol i gosacchari des, including bisected non-fucosyl ated ol i gosacchari des, above
the levels found in naturally-occurring antibodies.

I:f.l




[ 0009] The results of a nunber of studies suggest that Fc-reeepter-dependent
mechani snms contribute substantially to the action of c)totoxic antibodies

agai nst tunors and indicate that an optinmal anti body agai nst tunmors woul d bind
preferentially to activation Fe receptors and mnimally to the inhibitory
partner FclRI 1B. (Cyne,s, R A, et al Nature Medicine 6(4);443-446 (2000);
Kal ergis, KM, and Ravetch, J. V., |. Exp., Med. 195(12, 1: 1653- 1659 (June
2002). For exanple, the results of at'31 east one study suggest that the

FeyRI |l a receptor in parti cuI ar is strongly associated with the efficacy of
anti body t herapy. éCarIton , et al., Blood 99(3).754-757 (February 2002)).
That study shoiEHHiRhEYcofans- o hikewirt ey brem shopmthat s3pip diffensaie a bet t er

response to Ri taidoaREydobation 84c0Y HRANELS 118 sh & AleS minbhBFa@tcRQks concl uded t hat
t he superiorresponse was dﬁpe to batter in vivo bindin of t he antibody to

Fe:y[211la, whitHiva&iirt &l thsepapdy dEnpreuliz sopdians {Efsn R ynphoma cel I s.
(Cartron, G, eztralabzycob&l@d(@g(ﬁzz(75’:'94))757 (February 2002)) [0010] I n addition
to ADCC, s ssful _.ant.i ncer nal .anti bodi i nduce

Pc- i ndepenﬁ@ﬁ di relé?m%]%aﬁglnfoﬁ‘éc tﬁ’ﬁ%&ﬁ?“?ﬂ&”ﬁ“ F'ésﬁ’ﬁf”é?%@mfsgf’get cel | survival,
proliferation, tor treatdh diycaaet,i satdmvgstaed | bys thgnElS| Fgodc astc duhgs or bl ocki ng
access to grow s Se . Clin m"run e?,
22(3):124-130 (‘%&6‘5%&8 oaﬂ(exﬂlanp mm%blr}aéjﬁxﬁ'%nfﬂ)gppgﬁﬁimémwﬂ s with Rituxinmab
has been shown Riegoj GluceGesnpdhdme iStn Fradisat, €4), fyrshesregtment MB@GPI0nduced i nducti on
of apoptosis a g@h@ o TrhdiBIMAO! - 22(3) 1 124- 130
(2002)), Nbreoj)ome}ah&ﬁﬁépgéd c(,?, J%dﬁhﬁl ﬁogjél’jfr& ynphonma cells not only
ki ll sd} he cel | SHiowtils Gprderbthes) optha keataed of mdescep besesemeid on of | ynphoma
cel | -deri ved p&é:}méi&,}e}’)& @n&w%ampr&éa%s@%glgagrda&mcgb&mm (DC), 1 nduces

mat ur ati on of alTows the generation specific cytotoxic T
| ynmphocyt es (caﬁt‘ly1 TRR Eﬁoswm)@wwmm[wmmmm zing the

{remendous ¢ her aBglk: o BERRE bileBl AR LRA B cilal hREREATAL Fo T ecept or

bi ndi ng afflnlaé and 1 ncreased e fector tunction, the present inventors

devel oped a met(RANPATH™,MillaiumpharmestiicalySrhsaes A foieeratnmieiByes engi neer i ng
the glycosyl at ic@}?chﬁfnﬁg}d:ﬁo%cieﬂ&nﬁamrhm&)és E&hés@ﬂﬂo&ll&tsr&h@%?dnﬂhe present

invention is broadly directed to nmethods for gl oenglneerlng host cells to
alter the glycd@eariigasy P gl podheiroutsiaraingsafehy pRlsy(ilEbwrads pr oduced by t hat

host bcg! | The enm .M@SOQ&OIIZHGG—UI‘(;IQM leameﬂaaﬁhmemusmdnee zpswduf:eg t her agpeugl c
anti bodies wt ie cosyl atio e Fe re ncl udi ng reduce

f ucosyl ati on, Wﬁ ]E?sf’ﬁ g&%ﬁ*@%‘&?&@‘s é]?féc rgggés g’é‘fnfqg& B¥° function and/ or

i ncreased Pc r adept dr oitaimdg higha spwific @stitotly edtivithéhametiatfis egicglyycosyl ati on. The
gl ycoengi neer ed zan IRQQ ent invention are particularly useful in
t herapeutic treat mgadnt S %?‘Fatglg}%dol%'}g@l %glgétl ents. I n one enbodi nents, the host

cel I s of t iW0TInvent Pesrvay fegtand weaitiresess inogtepey. wilsraintpinpapgiedrls ¢ aci d nol ecul e
encodi ng a fusipudeh ¥ReR dndsordiki a@mﬁgégmﬁaa&t,%a@sﬁ&xeafa&eﬂac&y or GalT

cat al y)tlc activi t% In a preferred enbodi nent, fusion constructs are
coexpressed wi tth ' “Pgeteeite napyad spdmsdigied %%eefdf“ﬁgwas BBI“Vﬁ’épliY de

havi nghumanMannraogadeadgy thet ﬂ(gbianhhiﬂeaibdip&fenﬁ(Umﬁia, (V[ af CNamied nol ecul e
encodi ng a poly, V|t et_janot her

embodi nent , thf%?%%oggﬁg?gn@gr(wa%ci%ﬁg%mu 8 les e “Pr egy S84 nvention are
produced by a ho‘@todlsahtangﬁrymm@mnamwedyqoyrotvawélaihama@ame@)t-pr ession of a
nucl ei ¢ acid %&ﬁosﬁaﬁ&%tggmgwe%r&ﬂﬂﬁmw hnd¥B cdudpia 8l ytic activity.

100131Accordingly, “I'n one aspect the itnvention is directed to an isol ated
nucl ei ¢ anfennary ohgosa.cchandes attached to Asn297 are buried between the CH2

domains, forming extensive contacts with the polypeptide backbone, and their
presence 1s essential for the antibody to mediate effector functions such as
antibody dependent cellular cytotoxicity (ADCC) (Lifely, M. R,, et al,



acid conprising a sequence encodi ng a fusion pol ypeptide, wherein said fusion
pol ypeptide hPs [3(l, 4)-Nacetyl gl ucosam nyltransferase EU ("G1TIII1")
activity and conprises the Golgi local iration domain of a Golgi resident

pol ypeptide. In one enbodi nent, the fusion pol ypeptide conprises the

catal ytic domain of 11(1,4)-N acetylglucosam nyl nansferase M In a further
enbodi nent, the Golgi |ocalization donmain is selected fromthe group
consisting of the |ocalization domai n*of matuaosidase |1, the |ocalization
domai n of P(I,2)-Nacetyl gl ucosanthyltransferase |I ("OnTin), the | ocalization
domai n of 13(1,2)-hbcetgéﬁlucosaninyltransferase H &"Ghlll"%% t he

| ocal i zat i on ddH#PHOGE Nhtedi(Fede J9tensn Ry o e raey feat for-domai n of al -6
core fucosyl transky, 3ase:, Al dd Mopised, 81 LeDRRBRMIRNTS 2% (19mh)at ed nucl eic acid
sequence cgﬂﬁéises he nuc) eoti d igguencgwﬂﬁgicted inFIG 24 or FIG 25. In
anot her pr Ir ed eMSEEPTLRY R OrTE T8 BToEP Y TEPReEer &t ence encodes a

po![ypep: ihde ha\hiaigert dh-&r)amléij@ aﬂ]kd;fﬁﬁ{m)ema&tﬂ@l ! dqrﬂosahﬁdzl }tiamf&!isgx}]ﬂ4 or FIG 25a In
yet anot her pr enbodi.nen e _lsala ucl ei c acid sequence encodes a
po |ypepti de ﬁé@fn §ng§ﬁFH%EESF §;%@€ﬂ%egatﬁag§§ @g §$%%ﬁtical to the
am no aci d sequépwoeccharidps, @nifedntlyrindra@s tH25n vig@BDAT laptivam of dwenti-aspect , t he
invention is di 0 |.S LC } g&ggi i a sequence
encodi ng a fusf%%&%%%vkég%?eé, kﬁ%@%?%“ggﬁg ?ﬁ%?ﬁﬁﬁpo dp%é?@he has
(1,4)-gRinc.t oﬁ%ﬁe@ﬁéﬁg@ wle (Eeettimaty, FaetdlyiVenyrefidectedgyildes3% he ol gi
:cocal i zat: on dgﬁ?gﬂ%aﬁp:ﬁj}%?jﬁﬁJn%%ﬂlg@?{Sm )ﬂﬁ%ﬂﬁéc@fﬁm@g&i@g@f enbodi ment, the
usi on pol ypepti coppri ses the ca i c domain 2 4) -
galactgsyltranéﬂﬁ%&g%.“¢W1%ﬂ@?ﬁ§?géﬁgﬁé? el ety 6%“%8£ypeptide
conprises the catCe! yddngs Wan@pdxled offiptafb)atginh ABoitedHatd a@stimsase. 1 n a fat her
enbodi nent, the | gi, localization d inis . selected f t he group
consi sting of ﬁﬁgﬁ?g%% ﬁ?%gﬁéﬁﬂﬁgﬁ%?ﬁﬁg?&ﬁﬁﬁﬁﬁJfgﬁﬁgyﬁfhfﬁémiocalization
domai n of [3( IprqdRyed i-standerdbpduisighligelblaas Indkimg iteGaliET erasdUiara, ’onilr ), t he
| ocalization d i ! )~ Nag L4 LAWY, ferase 11
("Gnil1"), the%WégrzﬁIzeaBt}%%#%é?m%ﬁtgﬂ%@%nosi Jase |,éaf’1§f’1 P8 | ocal i zat i on
domai n of al - 6 teahlaseef merepssp| of HEITET ol (bg phtainpd by engippesioBdie aspect, the

present invent isgibolipp@inicRg b tdRpradd GRXDT Sfish Y 1486 hlhcr&RERSI Ng an i sol at ed
nucl eic acid conprLS|n% a sequence encoding a, fusion polypeptide, wherein

sai d fusion polPPepeHet epastant region (gyassesaiedt piseddnPigppacsigidepense H activity
and conpri ses tifidud@@b@ectddRcificaaiaicd bl gaittiaides fabeve Grll@ils Fasd thent pol ypepti de.
I n one enbodi nen t he exgrﬁgslon vect or encodes a fusion pol ypeptide
conpri si ng t he ®at al V' ¢ a6ai "= of 0(1 , 4) - Nacetyl gl ucosami nyl t ransferase ||
and the CGolt§b9]l ocal Teatdutroidomeber of sudes| segeees dnaf Fonrdptvedepemignr consi sting of
the | ocalizati jeretpe:Y Ldas - i %nggonain of 13(1
, 2) - N-acetyl gt glg%sam %%Pﬁ‘ggg#%%%?& iﬁe %ﬁltllgn (f[g%%‘}n?g%ﬁ%ﬁ& omai n of
fi(1, 2? - N- acet 1o @ws adicaly |t 4p opepa satifody aghest (t@eoss Poad i domai n of
Fggggi d?se 1, peadmiﬁmﬁaﬁamﬁaa&fe@a@t&qﬁa in &J'ﬂl_yadm@nﬁiﬁft&yﬁdﬂﬁgsw transferase.
n anot aspect, the present jnvenii rected to an expression
vect or conprisﬁﬂgﬁg%( @ﬁ?ﬁ%éd“ﬁﬁdﬁ@f%&ﬁ%Wﬁ6@@ﬁ%¥?@%ﬁ§héﬁégaﬁence encodi ng a
fusi on pol ypeptd He andRereh,If. §ai/dExp ugédo N SP0): Y58 650@maago2). For
13(1, 4) - gal act I Vi [ { gi localization
domain of a Cr%?%#ﬁég%?%@%%§§a%§%g%F%%E@g%%q%ﬁgwg%@%%%%%ﬁﬁ?bthe expr essi on
vect or encodes partityeiigironed ageeiped wihethebinee) of priodirerapait Glagmoic domai n of {3(1

, 4) - gal act ocyl t¢s apshepRSE odBchskher EabSiry o%R | 7Rl Lody JOWRd Rad s Sel ected from
t he group consi St‘iﬁgu@?n]; the | ocalization domain of mannosi dase 11, the
til

| ocal i 7ati on ddREf Frepus for) Eexilia pgied, detigdesnpshin Rif dhizEse I, the

:oca: i zation gmﬁﬁ@oﬂyg@?s pRtients., @eﬁﬁﬁﬁ%ﬂ&l@ieﬂfh@t&]&ﬁﬁ}lﬁﬁ&]&mﬁvﬁaﬁﬁﬁe U. thfe e
ocal i zati on i_n of . mannosi dase . n calizatiaon domain of al-

core fucosyltrg£2¢%ﬁ§§@P ?f%ﬁmﬁﬁgpﬁﬁgmégﬁbgﬁ?gﬁﬂé F@%ﬁﬁi i nvention is
directed to a host cell conprising an above-descri bed expression vector.
[0018] I n anot her aspect, the present invention is directed to a host cel

engi neered to express at |east one nucleic acid encoding a fusion polypeptide
hayi ng p(1, 4)-Nacetyl gl ucosam nyl transferase 111 ("emllIP') activity in an
anmount sufficient to nodify the oligosaccharides in the Pc region of a

pol ypepti de produced by the host cell, wherein said pol ypeptide produced by
said -8- host cell is selected fromthe group consisting of a whole antibody
nol ecul e, an anti body fragnent containing the Fe region, and a fusion protein




engi neered to express at |east one nucleic acid encoding a fusion polypeptide
havi ng p(1, 4)-galactosyltransferase ("GAT") activity than anmount sufficient
to nodify the oil gosaccharid es in the Fe region of a pol ypeptide produced
by the host cell, wherein said pol ypeptide produced by said host cell is
selected fromthe group consisting of a whole antibody nol ecul e, an anti body
fragment containing. the Fe region, agd a fusion protein that includes a
region equivalent to the Pc region of "an irornuno globulin. In one

enbodi ment, the fusion pol ypeptide haV|ng Gan activity conprlses t he

catal ytic dOITB.I act o nsf | ocal i zati on
domai n of a het'g[r)g{:ogo&%igﬂ%ﬁtg’m r%ms% da% Fy‘-fr"'?? %%Odg@ 4'254 fromthe group

consi sting of t(ﬁé}rﬂlmzﬂomatl on donmai n of mann05| dase the I ocal i zati on domain
of I1{1,2)- cetyl td, h pﬁ@! n domai n of
r nannosi dagbgd_lﬁl. B thgJ Toca %F?on&gé%%ﬂﬁ%%mﬁq%&% I 1 cet y gI ncout uni nyltra
nsferase |1 andndise Fr-gderendeat ditset caimigrmeshanisius 1§t capletefugd syl t r ansf er ase.

100201Pr ef er abl gyl mﬁaiaﬂsn,mg@!.sﬁeﬁu cg@ gcﬁscﬁcfepspbme;aﬁgm dasc Et or
, 2)-N-acetyl glucosa mcyltansferase or ernativel

gal act osyl tr ansTerae SrovloBZ e (Sﬁlﬁﬂ‘ﬁotﬂhgl"?,afsﬁ@&fmm’?ﬁé? )&2¢130 | nvention is

(]j.I?) Eicz ;Jd Lo a f o090 Hapkmsﬁt&aa@ae?aaﬂMOl?lceus it Rt has bosn N
, 4) - acetyigucos transf erase ctivity. and conprising the gi

| ocal i zation d 3 K @%ﬂ"ﬁﬁ‘ﬁ‘ﬁﬁe‘jdé?bfmdr T-Bdved PEPSigRSti de. In one

enbodi nent, t heapbpiedisaawpldds Wied (eknlef Nt &rel i/nUanmemn. compizisg t he catal ytic

domai n of 13 1, r I t her enbodi nent,
-9- the Col gl( I@ y%&%ﬁ%gﬁn@ﬁggﬂﬁéﬁ&g @ﬁ?ﬁ%ﬁng&ﬁ%]p consi sting of:
the | ocal i zat i oplsdrrallsbuinfso premawsintiis endcloss-irbsenthtive of ymphpmatelldonai n of

13(1, 2) - NaCEtW&h%%ﬁﬂk&W'aﬁt[ Exfeé%ﬁtﬁ%%eﬂdnné&ﬁsdm%du@%ﬂfhn%”a' n of

mannosi dase |, the l'ocalization domain

P(1,2)- N-acetyIﬁ%b@éﬂ?ﬁﬁﬁ%ﬁ%@wfz—ﬁ@lﬁqm%ﬁﬂmmphﬁ’%"&l(@%t| on domai n of

al -6 core fucosyltransferase. [00221l n anot her aspect, the present invention
is directed to a fusion el act osyl tranaf er ase
activity and conpri sing tW‘Eg%%ﬁgﬁN%ﬁgl n of a heterologou.s

Col gi resident polypeptide. In one enbodi ment, the fusion polypeptides of the
i nvention r| se k ggé a{h)g qi p%lgtlcl?’{ennﬁ)ofa&% ct ﬁyl bransferase. In
anot her e rrent Ioca zat ! onalrn 1s se ed fromthe group
consi sting of m¢1€ﬂ8¢d(¥@aﬂcmcabm¢ng@m’manﬂmreqmmﬁmﬂla@smme@@tal i zati on donmin
of [3(1,2)- Nacnﬁ@e)ﬂo&'&é&@o%@&“aﬂi{étﬁoﬁ@&%fr&iﬁ&&fsukh ahiBGaidsAAhiiFRleon domai n of

mannosi dase |, the | ocalization dona of
p(1,2)-NFi cet yl“éﬁ’émﬁhﬁﬁlﬁoﬁﬂﬂ%?@ﬁ]ﬁ%@ patibedyFefeen) ocal i zati on donmi n of

s ﬁ°{§ I“ﬁ“éﬁ’?sy' “Im’seﬂ““@“‘“’gma‘f@"miﬁm BT e orase |
("CnTI" lg’?rggf %YC gﬁ%ﬁ@?ﬁ%ﬁaﬁ%#@%& P%/ ot [ 0024] I n anot her
aspect, _the pr eyethit hostvteht i'The methodh ofetbe edertion aamnet twodl tof prbdtpecbdum ng a fusion
pol ypepti de hay &xé??eﬁ %‘b&&&%ﬁﬂ &bb‘&%&%&d%ﬁﬁ]%’ﬁ}e oﬁ,sﬁclg LﬁnaCtl vity

COI’T'pI’I Si ng cul tur e I'nvention under

condi tions all dﬁﬂq‘?@i prsylatopr whswicothe eiftibedies bavrdp@sasedsEiedordiueten ng t he fusi on

pol ypepti de andumbecovedid e rﬁdaﬁmflﬂﬁhﬂrls P )P Rnet hodeiRd by hdda. r esul t ant
culture. In one e%ﬁdl ment , e fufs¢1 :)olﬁg’%&gtl de co rises the catalytic
domai n of p(1, 43 ??B?Wﬁ%‘%%déersﬁ SATEFH %@%paffil WL abl y, the fusion
pol ypepti de conferipsel tiehtmefodfQimorsd pdtiema tTh ot ethboddnéhtsOthe Bosheller ol ogcus ol gi
resi dent polype d from h ou ns Ln he | ocalization
domai n of' nnnnogtéhle gg%%ﬁrggl%ﬁjmgfﬂ ocC “f gxf??%ar]ﬁalggmdr%l?cugmw &

13( 1, 2) - Nacet yl fhtgaobmiptigd witbdimg Fleqatalyic defivitytve GhlE cadlitie agtiviin lbomai n - of

mannosi dase |, ﬂré}grrédgﬁ%cﬁxﬁ@ﬁ BQ@JSQQ%CQ%I«%%% ressed with a nucleic acid

, 2) - N-acetyl gI ucosam ragl transferase e Local |1 zati on domain of al-6
core f ucosyl t r IAAscElegREdn Ea@bﬂ)ephdﬁhﬂvmgﬁummMchatalyucacnwtyandfora




[ 002511 n anot her aspect, the present invention is directed to a nethod for
produci ng a fusion polypeptide having 13(1 ,4)-galactosyltransferase activity
conprising culturing a host cell of the invention in a medi umunder conditions
al l owi ng the expression of the nucleic acid encoding the fusion polypeptide
and recovering the fusion polypeptide fromthe resultant culture. In one
enbodi nent, the fusion pol ypeptide cotgpri ses the catalytic domain of fi(1l,4)-
gal act osyl transferase. Preferably, the fusion pol ypeptide conprises the Gol gi

| ocal i zati on domai n of a heterol ogous Gol gi resident pol ypeptide selected from
the group consi sti.ng.of .the |ocalization dopain. of nnosi das,e IL, the

| ocal i zati on dBWg‘?‘%% m‘fl??“%e’f)o&'ﬂﬁ Yo nﬁ@ﬂ@gﬂﬁf%@ﬁg’ﬁme ase |, the

| ocal i zati on dgtteinathef emtmdinest, dasgydoengine@ed paligdepizdat iod thedpemantn of

0(1, 2)-Nacetyl gl ucosam nylir f se.ll,, and the |ocal.izati.on domain of al-6
core fucosyltr glr‘fgqc‘il@?aa%ee?%?ﬁﬁcggiﬁre% e‘r’egb?w’e"tgf‘?gergfogigavf G¥E%%at i on domain is

f rom mannosi daswréskioopf 4 p®jeid\acat mblpduiel encobrnd pylirtepiadastitr Mere Il | or

gai act osyl trang;@%ﬁcsfg?‘g"@aff"). 100271 In a further aspect, the invention is
directed to a netho o?m)qli fdng the glycosylation profile of a polypeptide
produced bip0Blhost Acepriinglyipeticasppg the ivendiduis dingtedl totap 1splpted iglsic cel | at | east one
nuclei c aci d Ofc;@XJMpRisia PRqWRS!REdRE 2 Glifen polYRMde SRR RAmARNMY. the pol ypeptide
is 1gG or a fragnent thereofcontsining. ini n? he Fe region of the polypeptidec.
In a particul aP%VPeHP‘thé? é@'@'ﬁ%@%ﬁ?}“ﬁ% e JpeprTile °8vigGL or a fragment
t her eof cont ai ahdigmbiies he€GHigidbcalkain dofigin PRI GHIE phidepolWVapiRie @t | vel y, the

pol ypeptide is _a fusion otein that includes regi on, equi valent to the Fc
regi on of a huﬁ%enmfld&mef(g sifn" & Heﬁ%{rg cglgﬁlésﬁ,%ctc%‘gy'imnc\lloérﬁfuic’n is directed to a
met hod for pro@cirdepceyighbospaipylirdeferase [H. hadtrtherdnbedimentphd Golgig: (a) culturing a

host cell engi 9[1&% t o %;159 F e aGhidgpcodi ng a fusion
pol ypepti de ha\li/t%%ng go%u%%ygeﬁtt@%[}ﬁ%zés%%ﬁ%y tr%_ﬁg e?ogglgatfo?l activity or,
al ternatively, d9B¢n Zlé -H%P%%%slil tthearisfebizaione fomail Tof) BEeDiNi ty, under
condi ti ons whi g&n@%ﬁcmahﬁynﬁngg&gy@@hm,gg loBalRftoY ReRdid sip(splgct ed fromthe

0

group consi sting a whol e anti bOdEL mol ecul e, an antibody fragment containing

the Fc region, *GHENEPREYERETEE F nCERR ) the {Rgaligation; arEh Aqui val ent to the

Fe region of alﬁ}ah. lmaiuﬂegbﬁbniblbdajilﬁcaﬁWIBﬁﬁthcﬁéﬂ'odTefﬂtsimnﬁhﬁhgygmmti de ihs expressed

in an anount sufficient o nodif -11- the.oligosaccharides in the Fe region

of sai d pol yp DIt el dih i JRES: idopRREn SRR T51 at i ng. sai d

pol ypepti de. Prefletidebieyyentehdepicied imRIG Gk \op &FG.i 2be Inompthérgedfertdde cat al yti ¢ domai n

of 0(1 ,4)-Na ol D0, . .

13(1, 4) - gal act g@%ﬁlt r_aﬁgh?%?ase_d(:%{%aq{@%?ﬁ%%}#h%taﬁé}m%%ﬁﬁ| éhs? t he CGol gi

| ocal i zati on déwP Acidfedpenpedapictst dyd0s24CHIHYP 28-e i xeempthprorsfpesdt | de sel ected from

the group consigshdddEendfhelshBtel AGRIC4@IdQMAAaEREN pofpdpRdmashdase |1, the

| ocal i zati on domain _Cgf 13(1 2%‘- N- a et,éﬁtgl uco,sam,c?%{ trans%ﬁr ase |, the

| ocal i zati on d8WEPA™ FANERCR AR §%adrntical  fhe apiga agid PSR IS n of

13(1, 2) - Nacet ybgFigczssam nyl transferase 11, and the |ocalization domain of al-6

core fucos ransferase. In preferred enbodi.nent. -th | ypeptide produced by

t he host c H‘”has ﬁ?lg?og%%% ecg’f ec %ﬁonflﬂﬁ%clggﬁo %“nla?laol?ﬁfuﬁf(%lrce 1g‘ed Fc receptor

bi ndi ng as a r esursingfa seiengeputedding st fugion polypeplidet wWhadimstiy fsroaf er r ed

enbodi nent s, tB@Mgem%jﬁ%m&ggé-bg&)ia&vw&ag@ﬁﬁgﬁEE- medi ated cel | ul ar
ng

cytotoxicity, increasedbin to’NK cells, increased binding to macrophages,
i ncreased bi ndiGilF Perliptrpeamaaela Cplgiresidea’dolpitifin do 6 epbe sphonucl ear cells,
i ncreased diregle FhsgnalpoRgeptiid UdinPtkedP@P! o0fdlRic idoshieasedpaendritic cell

mat uration, and/,or increased T cell primng,. and the.increased Fc receptor

b ndi ng 1 o i nc EtsayBhERrn g poit rrBinEl Y s RGP e ch as Foyl [1 na
Preferably, théepalytipaptiioleffékd)iglatdsyigansiatsee hsddthefembetiomt,fhanct i on and/ or
increased Fc r oL Rk nding.. ] ti body, anti - f nt, or fusion
protein conpri g%r%gtl% regclﬂgo!rll equ?svgﬁlneg%? Efo% thV?egIIE“eD F%%‘?%“ﬁ éf%gﬁ i mmunogl obnlin
and has an i-ncledzetnpiougo of permogflasey n fha dglizmeddmaini of elabchar i des in the Fe
region. [0029JIn anot her aspect, the invention is directed to pharnaceuti cal
conpositions conprising the antibody, antibody fragment containing the Fe
region, or fusion polypeptide containing the Pc region of an inmunogl obulin of
the invention, and to the use of such a pharnaceutical conposition in the
treatnment of tunors, such as cancers, or other disorders. In one enbodi nent,
the treatment is Irt cell depletion by adm nistering a therapeutically
effective anount of such a pharmaceutical conposition to a patient, e.g.,




acetyl glucosam nyltrarasfea-ase Il (Cnil I11) activity and conprises the ol gi
| ocal i zation donmain of a Goli resident polypeptide; and an expression vector
conprising a nucleic acid nol ecul e encodi ng a pol ypepti de, wherein said

pol ypepti ol e has mannosi dase Il (Mann) activity. In preferred enbodi nents, the
fusi on pol ypeptide conprises the catalytic domain of GhTll|l and the Gol gi

| ocal i zation donmain is selected from,the group consisting of the |ocalization
domai n of Mail, the localization domain of Cmrl, the |ocalization domain of
@un, the localization domain of Maul, and the |ocalization domain of a-1, 6-

core-fucosyl trggﬁ,[gg%gs%%{n#ﬁ%%g?y 28 ;)gggﬁ%%gn%ﬂ%é}@'w“ her conprises an

expressi on vecto g a po ivity. The nucleic
aci ds nol ecul escelpbodianigyithesitasi bn‘pullypefei deslizetive gutgmefti de havi ng Mann
activity, and phe RelyPepthasAKbNEAN Ak byb hosiiRthsRACh be in separate
expression vectors or the sane expression vector. “I'n an addi tional
aspect, th80%Shvent iloanoiher agitertethy ragbent snveptinn s ireststl o 2g BRATSPIORVIRPTan expr essi on
vector conpri Siigriding Mel8lked Akled 18R lcGeHsR: AeRB InBdiha!s KRRy POI ypept i de,
wherein said fusion pol ypeptide has_ 13(1, 5) -gal actosyltransferase (Gl T)
activity and cBHPFFEs He™ ol §tid| ofsrs z abBire malss” of U)ol gi resi dent

pol ypepti de; an@tyRfuceospingmanstusd/ BLAcO¥ity QN nipsikdd the&GoktBgioaci d nol ecul e

encodi ng a pol ypeptide, wherein sai ypept %g%h mannosidnse Il (Man |1)
activity. In p%%%‘r?%d%%%‘? r?fyg?pgf‘%g{“foggi’%{’no Ei”g%’é’p"f‘%f%m%rrpri ses the
cat al yti ¢ donavstcoénChded4 fubiogtipéptide @oprfing tizcathlytaibmonof@id™Na i s sel ect ed Brom

t he group consj ime“g L:!' ] Q) i : e localization
donai nof GnTT% e [oca y%%{%ﬁd%n%%@g#g%@ngi%%g%ﬁc%gati on domai n
of Manl ;| and t h&oF decagrvuparonsyingl ofnthe lpcdization dogaig oh Suuneidyt ty Basf erase. I n one

embodi ment ,  t he,cH0son 66hdin drriNALa Eméoisﬁ.ﬁﬁy@ﬁsf%pi,%mﬁbect or encoding a
pol ypeptide having Grail-activity. e nuclei ¢ acids. nol ecul es encodi ng the

fusi on pol ypept§eedr of P -poacstygnrosauniispsirgsath e locdetiopdempnolng t he pol ypepti de
havi ng Cnill | aghdnssiliage T adil tRe l6@lizaliéh domamepar-at@e fxEyleasieae. vect ors or the sane
expression tor. .[0030]1n a further aspect e invention is directed to a
host cel | @ﬁgfneer é‘{‘im?'gm]e“%be?tglgesmﬁfn rﬂgﬁﬁ%ﬁg%%@%f‘e%%m%ﬁcodi ng a fusion
pol ypept i de havampgisi@ hnlisdlhted mekeic\abitl yompridingta skpast eondngudlsienc aci d encodi ng a
pol ypepti de hayi 0 st s’ '}f'!;-pé i ﬂ%BH t@% icient to nodify the
ol i gosacchari dé‘g% t‘rr}(vaﬂe}?(':??e [ 5% ( ? i p&%g?i e %&lo uc_éé%fgby sai d host cell,
wherein sai d péitiyiseprd erennpipes dbr Bdlehipcgigtipn dvayincef] 4 Gplgi seldett ed from t he group

consi sting of ﬁol}M}ﬂld@. it dnb QEBodiBnE G Bxprafo Pdctdp QAbsads A@RBAL . and a fusion
protein that include equij valent_to the Fe region of an

es a region [
i r nnunogl obul i H“’IYF["WSE?WWS‘%&EEF&[WS?Paﬁm‘gﬁﬂeﬁ}ighlécﬁ‘ts?’mﬁﬁg“ﬁf%nti on provides a
host cell engi meea¥otfl 16caliandr amfinak stiehadt frodi Ghedi@dp ofisistifig 6f ;acodi ng a fi ssion
pol ypepti de hayi enall |.l activi. east .one nuclei.c.acid encoding a
pol ypept i de ha\gofarqlgat%ﬁdf Vac f“\?lmtosi}é%?’lg?%% llcicghazg Dnotﬁﬂé’ﬂ“ﬁt?(%ﬂel%%gci d encoding a
pol ypept i de hawdetytgh@psEminyltrausfeirass tly fhp paliartivandomsad fafcPa@d-No nodify t he

of i gosacchari dgg.j W : [ by said host cell,
wherein said p%?”}n%‘ﬁ%l e pro ucée)lg’ ;osal glwhdoagltgﬁlgfejlfﬁ?lﬂ?%gﬁggt ed fromthe group
consi sting of §evieizaioadenyssrligredimowltasfeast i body fragment, and a fusion
protein thabiz NCl UdL Sméthdr @Gt tBOPEswR| iB¥HntidOist BRctEE tof £Gb@rtedf an i numogl obi n,
[ 00321l n a further. aspect, c%ﬂhe invention provides a host cell engineered to
express at Ieagcfmpélﬂﬁg%f’gf“éef P BRESHIHE a fusi on pol ypeptide having Garr
activity ajdispt | edstanobre aspect, diecpresedtdrentadisndjrected @ y heptdele havi ng Man ||

activity in an J. Gl o LT ! pLdes in the Fc
region of a po| %eﬁiﬁ?%é%@%% E%u%%?é&%g}sc?&ég% #@%\%@&%ﬁﬁgsai d poLypeptidc
produced by sabaiidgdit 4)chiasetyigucgrmpyitanstargse flt({enTgl o wpivemrisiast i ng of a whol e

anti body mol ecith&ne 3@k i hosbaid A0 BB accrRAbs 8n f S FORegdnObeh N that includes a
regi on equivalent to the Fe reqgio n i mm nogl obin.” (0033) I n an additional

n of a
aspect, the i nPErPHEPIAGGT e st pells Whepaan aidgplyperids PRAREH YEXPr ess at | east one
nucl eic acid encoding a fusion pol ypeptide having Gaff activity, at |east one
nucl ei c acid encodi ng a pol ypeptide having Man Il activity and at |east one
nucl ei ¢ acid encodi ng a pol ypeptide having GaT Il activity, in an anmount
sufficient to nodify the ofigosaccharides in the Pc region of a pol ypeptide
produced by said host cell, wherein said polypeptide produced by said host
cell is selected fromthe group consisting o fa whole tuitibody nol ecule, an
anti body fragment, and a fission protein that includes a region equivalent to




-14- (0034]In a further aspect, the invention is directed to a nethod for
produci ng a pol ypeptde in a host cell, conprising culturing a host cel

engi neered to express at |east one nucleic acid encoding a fusion polypeptide
having CMl ME activity and at | east one a nucleic acid encoding a pol ypeptide
having Man |1 activity under conditions which permt the production of a

pol ypepti de selected fromthe group ﬁonsisting of a whol e anti body nol ecul e,
an anti body fragment, and a fusion protein that includes a region equival ent
to the Pc region of an inmmunoglobulin, wherein said fusion polypeptide is
expressed in n ff| S harldes in the Fe
regi on of sa|§1“°m§%é% eﬁBPoéﬁ%%ﬁ %@m%%°¥¥ﬁ£d$mﬁt$$gl%g |solat|ng sai d

pol ypepti dc. [@@Bﬁ&ﬁw;ambmh@mmaﬂpﬁemyomhaiaﬁvQMMDwmﬂmgudwbemted to a met hod
for produ0|ng:é BP@ qf éﬂ”@ BOStn ogl Qﬂgrhﬁ£9§nﬁﬁﬁkﬂ¥'”g a host cel
engi neered to exg131 s at east one nucl el coaci d enco I'ng a fusion polypeptide
havi ng Gal | ' ai8t ugipn Bplvpamlidg baving 58T ealevity corprsisesithe calelyie domeddf ng a pol ypepl i de
having Man LE ﬁ@E}NJaﬁdylgﬁw%n&m&abaﬁM@Jhﬂﬁ&ﬂlﬁon&d%&n@f&duml on of a

pol ypeptide selected fromthe group consisting of a whole ant| body nol ecul e,
an anti body fr%&ﬁ%@“s%@m&‘dﬁﬁlﬁ’ﬁmﬁiﬂm topige BPRCPTEEE o855 egi on” equi val ent
to the Fg regileéhhﬁnoﬁﬂorhﬂﬂ?m@@nm.&dmthmfedlﬁiﬂﬁnilamdnfoﬂﬁalpmqpogypept| dﬁ ||s:
expressed in an unt s icient t ndi t he osac rides in the Fe
region of sai d® ﬁ@g@ﬁéﬁ?ghﬂnﬁ%ﬁﬁ&cl&ﬁgﬁ{}@%ﬁ? éolﬁ%%?fonyﬂﬁ%ﬁasgﬁtfg? sol ating said
pol ypepti de. [08B&4ibm demaiaddi f(l.ekkcetiyheotaniglrmedfhod I omdpthoduci ng a

pol ypepti de hayingl ﬁ'&c{uﬁaﬂ:so?% Egorgﬁg& skl obn- cytotoicicity in a host

cell, ¢onprising cu turl ng engi neered to express at |east one
nucl ei c adPQi%ncodilfhgm@)eaéSPe‘én@eé’FS@éa@Fﬂ@ﬁeﬂ iFedtes © aépd cethcodi ng Man U

under conditi %@n%@eﬂ%sﬂtﬁea&%cﬂﬁ&ﬂ”&idéﬁ@od@fgaafmﬂﬁiﬁb%ﬂntuﬂ&ie sel ected from
the group consj sti ga of _a ol e ant;éé)%_j% noJ) ec ntibody fragment that

i ncl uded the PEVESSdnedicostanTaiGig P‘iﬁf'i““&ﬁ‘é?"é‘i“ﬁ e ¥hr ession | evel of
one or both ofmmyThemhchbdcha&masm&eyuf@oﬁbﬂnpolﬁpepﬁmﬁﬂoﬂqcedh&hal i gosacchari des
in the Fe region of said |de duc b st,cell and wherein
sai d pol ypeptllﬁ’gt ﬁ'&yi?ﬁﬂ?ag‘g%oﬁqﬁé %ﬂl"&?eiegt# “étp cytotoxicity as a
result of sai dgrmpctpﬂsmum#@wholmﬁqusmbmmengl@alvodyﬁrmnyspEpmwuieg havi ng i ncreased
Pc-medi at ed cekl gl %g.asmaﬁzsfo&h,t%mf%artk%rud%%@d&u@ﬁg&&e&e pspect, the present

invention is direct to a met produci pcptide in a host cell,
conpri si ng: (d?@@lﬂf@%ﬂﬂﬁgoﬁomth@éﬁmb@Wh@eWRO@Pm@é?@%g at | east one

nucleic acid e@ﬁ@@ﬂu@ﬁyo@mp@em@@myq@dmdirgaawgamyxﬁl@sﬁﬁselahd activity under
condi tions Whltﬁ g)lt t he odutlonf (%?t)é%“‘g‘ﬁfltde selectedfromthe
group consi st i g8k peiiiraioa dameip nba hetrmsfoget @l W ¢ agnent, and a
fusion protei rhetebtedfmnnmkgtdﬁﬂ:oﬁsxsmgjfmmmzamldaﬁmbﬁnmﬁmmﬁem egi on of an

i mmunogl obi | | 1"“2.§za§$n” dg‘gﬁl‘d?f"t%oé‘(e%feﬁ n%gfa%/ ct Ma@nps dase Il activity

is expressed |n an anount I Ci oéaccharldes in the Fe
regi on of sai diogrdirafipe dorhaie ofomerdoridast lbyhsbzpédhmmstdor@eil Iof B@uﬁHN( b) isolating said

pol ypept i de_pr ackyedh b @bttt 6! be 10R38hL! RuARYNAL agpect, the present

invention is directed to a host cell engineered to express at |east oue
nucl ei ¢ aci d eMeRsdrM§ESH0l ypepti de havi ng uMannosi dase |1 activity under
condi ti ongoodj ch peferdrdblyl e Gl dbielizhn Rnai @%mpﬁﬁhbsdﬁsaS]EbECt ed fromthe

group consi sti f. a ol e an cul e an b fragrrent and a
fusi on prot ei n&?@g‘f"ﬂf"#@q’tﬁ(ﬁmwg%ﬁ oq"’gw'\??lvgﬁtg % egi on of an

i mmuno gl dbo2dl i n, Wwotbﬂaspswttbpp@mymmnied:bawwgﬁ@ommwﬁtLase activity is
expressed in dif I$ -F-h:gm ]ddes in the Fc
regi on of sai gﬂ}‘p@gg% %&I’%fragagﬁ%%}gt? y sa]gah%'g?’g%delfo In yet another
aspect, the predgh CM%@W@HQ‘@C&&MC@Q@&P@Uﬂﬂth@ﬁquGe@Om oduced by such
host cells, pagih.GiHeA Y aihipBOpt8ss RAME M- eas8d npfdastior fanction and/ or

i ncreased Fe recept or bi ndi nq as a.result of said nodified oligosaccharidos.
domain of B(1,4)-N-acetylglucosaminyltransferase I, In another embodiment,




BRI EF DESCRI PTION OF THE FI GURES [ 0040]FIG 1. MALDI TTOF- M5 spectrum of

neutral oligosaccharide m x derived fromreconbinant, unnodified

(non- gl ycoengi neered) anti-CD20 |1 gGl anti body produced in Bl-1K Cells were
transfected with anti body expression vector pETR1502. Antibody was purified
fromcul ture nmedium and ol i gosacchari des were pi cpared and anal yzed as
described in the Materials and Met hodg sectiou of Exanple 1. -16- 10041]FI G
2, MALDLTOF-MS spectrum of neutral oltgosaccharide nix derived from

reconbi nant, gl ycoengi neered anti-CD20 |1gGl anti body produced in BHK

engi neered wt nucl ei i ncodi n Al "t yiaTLl Cells were
co-transfect ed%mgpﬁ%akot%?l%%n% dgg%%rl gssésjcliccc)t%d ?8%%%’%@&1’%@&%% th GaTl 1|
expressi on vectlowrlipEfiRUdE6 ofpann¢soidse ivetbe jpoalizétioa dohirinnf B2} Nr e nedi um and

ol i gosaccharid descrihed. he Materials and
Met hods sect i oﬁé%_ é%&%@ggl. 08’2%?%?%%%@g€/ﬁ%€7%35%§g?&2% um of neutral

ol i gosaechar i delogizetion aopgie Pf fA(bhr¥-acshiabicasminyltyghsfesse dyi wdethed anti - CD20 | gGlL
anti body produggdiibdtoBitnalt BROE REERBEyIMdsRdk NUCl ei ¢ aci d encoding a fusion
pol ypepti de g G OnT111") with thaTlCE activity and | ocalized via a GTI - Gol gi
| ocal i zat i dW2Honmi nln apefher aspighthe Pregent mumE e figsqtedie £ ASIFRIABERIPE expr essi on

vect or pETR1502haqingp4l-Baldcidbylidandoride afigityaid sba@kiop tREbR1 B atént | body was

purified 'from,cultur di tun .and .ol i gpsatchari des re prepared and

anal yzed as desdé’ﬁaﬁéjgalgﬁtgf%ﬁ%’ g Ps cfegt @ﬁﬁ#@?ﬂ%&%ﬁ egg’\é\%ngﬁ %‘f‘ Exanpl e 1.
[0043) FI G 4. MAuidby FQpepiSessqi eletinvwenticnfcompnire rtial calytigds@ocefdi,4fe m x deri ved
from recombi na i.n .!I’ @@ 1 N - produced in 31-1K
engi neered wit Plédaac%%}’}c,l el %%‘cﬁgﬂﬁ%ég‘g% naa a_&ﬁglg%nbﬁ)a%lylﬁ%%%gg(" M- CinTill")
with Gnil 111 ssteetpdfanythegrenpicensiinecs dholocalizatiqy domghn ofhasmesidassAosi d

ssel L(Manll) - GohgilodaR@fdd a@:ﬁdi@rbfgﬂﬂjﬁj-m@%ﬁélbo%sé&%yﬁmﬁﬁér%n§ft_ﬁ@t ed with

anti body expressign vector pETR1502 and with GuTI LI ,exPr essien vector
pETRL506 Ant i bo@sphizmen gematt plegenpedfirechitheuieerbizabion demadhar B #4sacchari des were
prepared and anmttylgRebsasingeamefiael, ind thé) ®cARbtehi Binginaiic] Metdo©ds secti on of
Exanpl e 1. [0046&)FI G 5e MALDUTOF- M5 spectrum of neutral oligosaccharide m x
derived from recor%Fﬁ]ﬁ%fafe' unnodi fi ed (non-gl ycoengi baeered) anti-CD2C | gGlL
anti body pri@dsiced i nPréftralif.9Be GORlAoétdisn d@edind 5 fvermauhesikiast ot ed wi t h anti body
expressi on vect DE 52"@9 oY S i ed fr ure nedi um and

ol i gosacchari de@{’ﬁg gré%gre glﬁ%#%%g},\?ze%?%egér i %g%&?uﬁfyt he Materials and
Met hods sect i orgasPtogdtenitrese (G2l H045] FI G 6. MALDI/ TOF- M5 spectrum of neutral
ol i gosacchaggagie M Xfgfhinsestpdot Y procANRIRaNH is dhdR0o @NdiReked anti- CD20 1 gGL

anti bod roduced
y p 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 ITI. 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 I1, the localization domain of B(1,2)-N-
acetylglucosaminyltransferase I, the localization domain of mannosidase I, the
localization domain of P(1,2)-N-acetylglucosaminyltransferase II, and the
localization domain of e1-6 core fucosyltransferase.



-17- in HEK293- EBNA engi neered with a nucleic acid encoding a fusion

pol ypeptide ("M2-OnTII1I1") with GJ H activity and | ocalized via a Gol gi

al phanmannosi dascl a(' Manr)-CGol gi | ocalization domain. Cells were
co-transfecred with anti body expression vector pETR1520 and with G1TI O
expression vector pETR1519. Anti body was purified fromculture nedi um and

oLi gosacchari des were prepared and anal yzed as described in the Materials and
Met hods section of Exanple 1. 100461FF?. MALDETOF- MS spectra of neutral _
ol i gosacchari de ntix derived from reconbi nant, glycoengineered anti-CD20 | gGl'

ant i body pr ed i 11 293- ne red nuc acid encoding a
f usi on pol y@@é i de rBISPF‘It’I SPW"Pﬁm@I‘%W s 4 tf%ﬁ%ﬂﬁ'ﬁ&" ?5cal ized via a
Gol gi al phai nanp:odzmdasae&l(sﬂbhrpﬂ)ype@mdleghavhg(ml I)mmonyltﬁmfmasm act(ietlyl S were
co-transfected W TRLS: M th GnTl L
expression vect or %@%ﬂ%l boﬂ;(;ﬁﬁhv‘?/aq‘g.V tﬁoﬁil dE omercct? ure medi um and

ol i gosaechari desllqm*géhmmedfﬂarmc]anwg'm@whmmﬂﬂmﬂhe Materi al s and

Met hods sect i onreeémliaﬁmgl efuéiongn egxdcgﬁ&ﬂctﬁb%shﬂ‘ﬂt iR | g QfpPNGaseF-rel ease
oi | gosaccharides wth no addi enzymatic treainten )

d i gusacchari deefbl?odﬁepﬁetbéfﬂ“m&lﬁm@lcéﬁs@eﬂh? @%ﬁ’ééﬁ@% d%ﬂlé'hrt her di gested
wi th EndoH. [ 00gudachok{rhstefast) FREGEITR teGusitd: seEhﬁd@T%OH catal yzed

di gestion of oI g sacchari de ? (F:;P %{. gp&rl d ybrid bisected),
but not conpl ex SHZEGRATRAN Fiadetep a@b‘%ﬂ I’ip dgsel B di stingui shing
bet ween conpl ex&leagadlphydnmtdrgtqutae Odchliyasane ddnain desdamEﬂldﬂ;eHI,t theat ment allows to

make structur aI ?‘ﬁ%ﬁ%ﬁﬁe éofﬁahgwagq@?ﬁm@} y(ﬂlems]sf a h have t he same

rrilz natios in gl na resu ngfromPNOAseE

treatnent. [ 004&jma >, mampesidatsd i d@pemmﬁ@eldbmhlar ofyBdt2Xcity (ADCC) of
"01- GoTlir-gl Y&nggﬂic&ﬁﬁ[u?ﬁm‘é?eméj@”% {hk §8ka R AL RIRANSE a1ddbde CD20 chimeric

| gGL anti bodi es ot h anti bodi es were produced in BBK cells Production and

gl ycosyl ari on pﬁ’ﬁ?ﬁyllﬁéﬂsﬁasf he gl ycoeugi nereed anti body is depicted in Fig. 3

and those ofiedshe unmrmﬁdlea@&lglhdduzah@ &inGin & -fokah@@bsiaed hor(T) were SKING. 4

human | ynphobl agtqid cells. Effect I I S fre i sol at ed
humanPBMC. An E.Bé’%'gﬁ"%yl%lfl ot ?‘I&H)%m’r? (@’Etﬁtl on ADCC assay
measuri ng cyext oxi Cllm:yﬂxh];erhsaﬁi,ﬂiemvet&blyﬂﬂm@&ﬂm&@eﬂnbﬂd)mdﬁﬂyﬂg&e relative to a

maxi mum - 18- qu) nd a spont aneous
rel ease (cul turglk%%ai&t?%nlb?dns Oeg%lg&%p%é&?}%“ﬁ%%a‘% 2 ?sg‘:g%ﬂ %5 ay get ail spar e
described in I\/atné‘Pfiual’InsmmibPW@ﬂkﬁdbﬂ%mmmcmdmmﬁﬁl@vwor[@mm FI G 10.

Ant i body- dependgniy:i6e ohdfdeiy, G cQﬁintIdGls AR Fmenereof Btaining th
OnTD1" - gl ycoengi neered vs -%m ? regéocrrbl nanten acrrffl -1(1:D20 Cﬁl meric |1gGlL

anti bodi es. Bot f° %OPtfng‘eeEd}I’ﬁé?t@epI“o‘Hﬁ%‘dﬂai‘ﬁ prefeRd gEbeiRpttc WP | s Product i on

and gl ycosyl at i paypeprakiid Q@fortm@agﬁﬂeﬁtmlcﬂﬂﬁﬁﬁgjthalﬂclrbgﬁﬂloﬂ sedepicted in Fig.
6 and those of t i

e nodified antib in. Fi Taf, get l1s (T) were
SKW6. 4 human |y WS%I%&S tfrﬂa%g%IY’l & ?’Pé’gfieIﬁ cf%?cln?“tt Et\%e‘?é ”T%? &shl y-i sol at ed
human FBMC. An fegidn pquivialgntdd the Be tgiwasf alrameh Ig. a 4- hour i ncubati on ADCC assay

measuring Cghsgf Oxi Cird %o&)!rdis}[?e@{ at evdahyd d@%%g?osf?médﬂ@%rﬁ QS’ relative to a

maxi mum r el 'ease (usi ng a ergent | nstea ant a spont aneous

rel ease (cul tur BYRSBHIGM 3 est lromprisiat K%dd%??’“ﬁ@ﬁ?%*é?”smglp\%%%wwet ails are

described in Wﬁ)@fdssadt&as%ﬂinﬁ@&&@ﬂ%n&@ﬁﬁhﬂﬂo&ﬁol%ﬁ@ﬁa@mé B(1UQR501FI G 11.
Ant i body- dependent eI I ul s%%&% gﬁ#_m t ADCC of

G nT111"- gl ycoeff§ G | 13 y‘lfoe %!%ed BL®%nbi nant, anti - -
CT/ 20 chineric gaga@tobylmbﬁeﬂmdﬂ“ém‘")Bmtxhtyanﬁdebooﬁdemns/\mmeh perodiutbed i n BHK cells.

Pr oducti on and fi ngi ner eed

anti body is depic u%§ faaFIm%ba%dg dLC?eﬁose glggfl\%g@qvéh%#’r%ﬁ%ﬁycoenuaeer eci
antibody in Fi ganﬁtodymegdﬁ aeettlb@(ﬁﬁ;mmwet@mﬂiﬂcmmmﬂ yhphobl astoi d cel | s.
Effector cells &@Mﬁ@{ﬁaﬁ&ﬁﬂ%}f C%ﬁ@lal@ﬁt%dchm B f¥b bl at i 0 of 25:1 was
used in a 4-hour 1 ncubation assay rreasurl ng cytotoxicity by lactate
debydrgenase ( MEfeTfiRfaswon RojyREntidRis pxpressedinansamt eifameiompdifg a det er gent

i nstead of antibody) and a spontaneous rel ease (culture nedi um Stead of

anti body) controls. Assay details are described in Materials and Met hods
section of Example I.




| DO511 FI G 12. Binding of "M2-G aT111"-gl ycoengi neered vs. unnodified

reconbi nant, and-CD20 chineric IgGlL anti bodies to FcgammaRI ||l a receptor on N1C
cells. Both antibodi es were produced i n HEK293- EBNA cel | s. Producti on and

gl ycosyl ation profile of the glycoengincreed antibody is depicted in Fig. 6
and those of the unnodified antibody in Fig. 5. The binding assay was
performed as described in the Materi alis and Met hods section of Exanple 1.
Human NK cel | s expressi ng FcgammaRt | &Ly eceptor on their surface were isolated
froma -19- donor of a genotype known not to produce FegammaRl i c receptor
(i.e., honobzygous for ne variant that contains,an .in-franme stop codon
within the chaﬁﬁmﬁcﬁmg‘gﬂ&%aﬁscé&%%‘ﬁ&éﬁPO&W@??ri’@‘c?‘fjelﬁ'ﬁa‘#‘ rescence
intensity, neasttleehddy) RAGHRgueidn®y@eptiBd. TCeleadbizl the dustunt polypegtider | gG ant i body
fragment, increases w,th the anmu of. ¥ econbi nant ant i bo hound to the MC
cel o: B ndi ng. Azvae b i EAP R o o S DRy BB Mo e qenonet r at ed
by use of a cenfiét)-gripcedamsimR (TGl penilf futthantidymidys feadivient (see Fig. 13),

[0052] FIG 13. Bindi. ' nmodi fi ed

reconbi nant, anftéel;- E‘)l%dc ?DWAXEP%&F%&%;% Irﬁ%ﬁ%iﬁ%ﬁéﬁ&%&%ﬁ'a receptor on NEC

cells in the présere opsiftingrdabs iyalgeimmetamain pbmangpidage dbnpet i ng

anti FcgamaR! | | ocahdiioR @ikir of BAPRERLacetBRhdb nRG/RARRIDALT, maftiibagh es were produced

i n HEK293- EBNA cel | s. Production ang gl ycosyl atjon profile of the

gl ycoengi ner eed®5# p¥dynaneosiiassi dt ele i pcizafions dampnt 8bsBUIg Nt he unnodi fi ed

ﬁ/g:i b'OdIy in gi gao;atﬁlglum&niﬁ%'mﬁﬁsft@:aﬂ$ar)d ?awfmeﬁﬁ?rdmﬂ@uaﬁ %ensg;‘crré bteﬂ in t_h]?_ K
erials an s section e cO: i ncubat i e purifie

cells withr ecol\/ﬁ‘%cfsﬁlgrﬁtfs?méarsl 'i%gﬁgmf(g%m%hg@?eﬁ%’t%p? ?”?135?(1‘3350% cee%htg ion of 3 p.g/m)

and wi t h i ncr eaistrgll bas ihexeaacq ¢ifegiociomt emdanil/at inoesedFs mecpyr bipdingagd  conpet i ng

338- Fab2 anti-F ANt : Xpressi ng

mmﬁ*ﬂl@a&%@%ﬁg&gp&g&r ede'ﬁilﬂP%tﬂe%ye <%b§ Sltesie

FcgammaRfil a receptor on their s : e 1sol at e om a donor of a

genot ype known $fsetoxfsngsemigineraasmiiyanainicrbicsiivlap @viotopicity, ingreased bindRg npzygous for a
gene variant thgiNgcRid akRSedindilgté hai@hided RoedOfindMaliinbBdies, FcgammaRf i c

codi ng sequence)... GCeonetric nean fluorescence intensi tig measured by FACS
usi ng an FI TC- | BFesrErdingiq po onuelesr slls- in5eaRed direct gimmalipe i¢uFiB® eases with t he
amount of reconipoftadid, mdfhded darithaenthatiatdn) mdNKintedstST cflOimdf| G 14.

MALDI / TOE- M5 spectra_ of tral qligosaccharjde.m xtures .derived from

reconbi nant, 1 g FrepeRe i rieien bt SBeRRS U T RESE 1 o | br onect i n
and produced i nretdploC28B-2EBNRIILE| Peferably) theipnipphpfideeathibiting rowssepr oduced i n

El FI C293- EBNA ¢ j j ' vegt or pETRL546. (b)
Vo- Gl 11 gl yoommarma ol el 0 o e AR RS ol | &

co-transfect ed femsntetifusios exptemcpiprdsdiedresioa squbrlepeortita Baesientf aonirl | i expr essi on
vector pETRIS 18muBedidbuait idd0dhse Sn WaiReRled | frbfrtich! 8N deotutdifigedredi um by protein
A affinity chr o?r;}ah%?r agp . fol | owed by size-exclusion -20- chronatography step
on a Super dex20%'& e%/ﬂﬁlée SAFM™ exchanging the buffer to phosphate buffered
sal i ne (PB3p0291) i godncanbiadri epsct, Wik einpergiparie diiastell am gibyzrackutisul descri bed in the
Mat eri al s and ' I . . 15 i ndi ng of

"M2-Cnirl I 1" -qgl ?/%0 ﬁ%iéor%gg%g@%meuaﬁﬁ%gﬁﬂﬁg%ﬂ? ég%?é% %oalrﬁ;ﬁ,nggathh? ?é ED- B+fi bronectin

| gGL anti bodi esregion FriysirmmoRibfittide eonpingithedin reRiop pf animmynoRiphtinofra cel | s. Both
anti bodi es wer enpEREMGEE darldNo hbEKE 98 sucEBNAam R dufical ESIMGSd @Nmand gl yrosyl ation

profile of the gl ycoenginereed anti body is depicted in Fig. 14b and those of
the unnodified %Hégmwﬁ’wl&“%% orler AisieRTh & one &rakp LBerformed as

]gllescri bed in thﬁea&&hﬁﬁ]’saélb‘dcﬂ&dmgﬂbcdﬂﬂdﬁer&gaﬂlb@ﬁbuﬁxfauﬁﬁéml |a.1g0d|nt Seomstrihc mean
uor escence intensit measur ed by. FACS usjng .an ?TI C elled anti-human |1gG
ant i body fragne?{t%?ciiaﬁﬁﬁ‘aass‘?‘g% wﬁo%ﬁ%éé‘%%ée‘%fh%d%ﬁ E’Ot]anti body bound to
the Raji B-cell |ynmbhptadutbelhipsct, tiOQEhiotiirGideéa hdsi sl korgprising an

"M2- Cnirhl "- gl yc i ne : i fied. i .o ank .- O chimeric 1gGL
antibodies to Ff% %%R%éggr%%pgﬁtg?%{ehgcé&eﬁ%@% gl?cngﬁlﬁ ?eé%ﬂ%onor s. Both
ant i bodi es wer eropperiideed WhareBEK03- fEENA cwshiveptidr gudict P@r)-Mind gl ycosyl ati on
profile of the glycoenginereed antibody is depicted in Fig. 6 and those of the
unnodi fied antibody in Fig. 5. The binding assay was perfornmed as described in
the Materials and Met hods section of Exanple 1. Human NK cells expressing
FcgarnmaRI | | a receptor on their surface were isolated fromdonors of a
genotype known not to produce Fcganmallc receptor (i.e., honpbzygous for a gene
variant that contains an in-frame stop codon within the FcgammaR ac codi ng
sequence). Two donors were genotyped as honpbzygous for the

A =~y ¥ ——




-21- glycoengi neered) stable, chineric anti-CD20 1gGL anti body- produci ng cel
lines. Expression of tCD4 is operably-linked to M2-G.TlIIIl expression via an
| RES el enent in pETR1537 CniTlll expression vector and is therefore used as an
indirect marker for GRI M expression. Mean and geonetric mean fl uorescence
intensities were, respectively, 27.6 and 19.9 for the gl ycoengi nened and 4.7
and 4.1 for the wild type cell lines. [O057]FI G 18. MALDI | TOF- M5 spectrum of
neutral oligosaccharide m xture derived from M2-GrTDI - gl ycoengi neer ed

reconbi nant, anti-CD20 chimeric 1gGl anti body produced by BHK-1502-28-11 cel

line. Cell line, antibody purification d ql.igosaccbari de preparation and

anal ysis are de§8??q%lé‘a°sinﬁ“ﬁ S ejhi(gfns“@nﬁuwgaﬁiﬁ%m%ﬁ %ﬁ&é’f |OExarrpI e 1.

100581FI G 19. MAMchliZalédoBinsqiadtalilissideht fdiptptide; aod kgomeddhavetite m xt ure

derived, by PNG as eF-rel elasec.&)l i gosacchari des1 angdf urﬁ her dd'cgesti on with

EndoH, from M- GATPTHEgt JEoEN T hedret® re%‘:c?gi%larf’ﬁr‘ﬂ’?p antt =8 chi neric 1ga

anti ?pdy pr oduc edlybsptiBBXs 1 &0 25128 I (Map&l) betivityn dn préetdd eibavgnentythe gody bed | ]
urification an [ [ : [ . described in the

Vat er i al's and NPRGAL Eauny abiaferhe BRAL! ARy B0E R 63 B b POCTL

" MR- CniTl | | " - gl ydeseligglioredoma: iy selected fiveh thé euy eweishzi oh e locabrationCD20 chi meri c

I gGl ant i bodi es,goRrAQkHRMT, B 1&hRRG foflain of GRESthe lRaizaRR PR b4 @ receptor on NK
cells. dyeosylation pEofJ | e of the ﬁ%ﬁgﬂggngl nereed anti b0d¥ﬁl s shown in Figs.

18 and 19. The the logadization demain el thg ocgligiopidpragn pho-tbhe Material s and
Met hods secti on cofe-Amoayipingferdse. ilont @hibddirhdnt, Me hétdIFurdiompadengs FCcganmaRl i da
receptor on their surface were isolated from nor.. of  a not ype known not
to produce FcgarfffiR ¢ " oégﬁPg?giwlgc?hdﬁgﬁﬁ% acHgiy é\rhﬁg‘%zm\/ari ant that

cont ai ns an i n- fapidsmeolstulspercodigrthafiugidn pelypéptidd: tg astymbtideibevicgddinfly sequence) .
Geonetric nean f ty%é;e L0808 AN RS HEE D DY EAGS, Usd an FTTC-| abel | ed
atti-human |gG aarL]ti O%g%?@gh%ﬁ?@ﬁ%v%r easesH‘\;}\n&t ﬁgtfﬁg am&%apd%f r econbi nant

anti body bound te#pressien KaCtogsek the sanpj expricsfiyndetasct ed in this assay is

FcgammeR! | | a- speci f !ﬁ@ﬁdﬁeﬁm&ﬁé&,a{emnmt@arﬁam%hgs i
Fcgam naRDi a- specific anti body fragnent (see Fig, 13). [0 G%JllgFl G 21.

Conpl ement - nedi &8 SYPIFSFST Lectarppyrrsiie avpicies riy molechle wriodng iafBitod vs. unnodifi ed
reconbi nant, antpbiypdpBle, hérbR ki€ flsBSholypepdde RNB(LAPEHIREPsyIBAERragNt | bodi es were

Gl ycoongi ner oot 1CRRTLANS €t B chre Rosrge S=RaTY HEu™Bi™ e unmodi f1 ed
anti body in Fi g.pobpeplids gat ac expr@si¢l yectve cemBising. sndoleiveasid mopdussb| ast oi d cel I's
ey SO ST 3, Sy veBaTRESH By LOX 1 oo
[0061] FI G 22. MAEDUTOMD vesfaysd cmbadimentyn diny fuaipn eplyrspddeceormmpied dheni xt ur es

catalytic domain of GnTTI and the Golgi localization domain is selected from the

group consisting of the localization domain of Manll, the localization domain of

GnTI, the localization domain of GnTII, the localization domain of Manl, and the

localization domain of o-1,6-core-fiucosyltransferase. In one embodiment, the

host cell further comprises an expression vector encoding a polypeptide having

GnTI activity. The nucleic acids molecules encoding the fusion polypeptide, the

polypeptide having Manli activity, and the polypeptide having GnTII activity

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

[0030] In a further aspect, the mvention is directed to a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GnT I
activity and at least one mucleic acid encoding a polypeptide baving Man I



derived fromreconbi nant chimeric IgGl "C225" anti bodies, recogni zi ng human
epi dermal growth factor receptor (EGFR), and produced in |-LEK293-EBNA cells.
(a) Unnodified anti body produced in HRI C293-EBNA cells transfected with

anti body expression vector pURS128. (b)M-GhTLEI-glyc, oengi neered anti body
produced in BEK293-EBNA cells co-transfected with anti body expression vector
pR1IRURS128 and GrnTill expression vector pETR1519. Both anti bodi es were
purified fromcul ture medi um by proteﬂﬁ‘A affinity chromatography foll owed by
si ze- excl usi on chromat ography step on a Superdex200 matri x (Amersham

h t he buff t hat e buf | i harid
Rere- preparcd. aft 4R Fel et R ST Y B RO R e RAEEPIUrE "B et nods. sect ] on
011: E?agrz)l eGLTI I[Iﬁeﬂzﬂeﬁhd'é ﬁ@ce&bySaiﬂdldycdlep’ﬂﬂdeslﬁdpb@lpbpmﬂaprowe@yoxi tCi Hé GI(: éDCC)
0 v n anti -

o T

chinmeric 1gGL " i'es were ced in
FEEK293- EBNA celh sntibflydugrotnt, @mﬂaémbngmemﬁbgt Ilrahlde@ aregipmdqiivaenyfo thehe

gl ymengi ner eed @;Q{,égggqyanllﬁm Hlgd in Fig. 22b and those of the unnodified

anti body in F et Cel (T) were A431 human squanpus carci noma
cells (ECAO@0 850‘90&0 dlﬁOEﬁlf@@P@Pe%eF‘lesm(@FOWW@dﬁr ediptycallsol at ed human
PBMC. An ET rati efibred & dkpi@Sat 188 Endl dhclBic 4cill @bodih & Bk | &I;Ipeﬁ@QC assayneasuring

cytotoxicity by Iact dehydr nase rel.ease re ve to a maxi num

rel ease (using Qa‘a’%&%@% %éﬁ%ﬁ‘@ﬂ%@%}ﬁm%aw?ﬂ%w 35’6%“%8 t"H%eous rel ease

(cul ture medi umManHEtaaily okl adedtiobodiylkic atdéncalig a pdigwpiide eingiGnT Tar e descri bed in
Mat eri al s and S T nucleic acid
sequenck and anlvlgcthn%ﬂg% gé%mﬁ%fgg%m@r&g;@%ﬁ}eo%o{sg%#mg]h F%P !)s}ledase Il - GTra
f usi on pol ypept |adelymtddpe0dilwdénﬂddmst GelLQBerﬂ{l @@ﬁm}mﬁdﬂﬁvdﬁfmmucl eic acid

sequence and am mhcgpaeﬁm%agﬁeaﬁsﬁmeg%ﬁg gglgu\ﬁgbﬁawhgfea&dﬂsdy%hhe GnT-111 fusion
pol ypeptide of the invention I'G 26. MALDI TTOF-MS spectrum of neutr al

ol i gosacchar i de *HfubedydEnemb apdafesipprosin tht Seldes prraim cqeiyBet @ife - 0D20 chi neric

1 gGL anti body ('FOwzioh oPinGRHER] obﬁl HEK293 EBNA cells transfected with anti body
expression t/os or pETR1520. Ant| was purifi gd from cul tuyre medi um and
ol i gosacchafides wer APE ‘a FRsD pERy s Bt 67 BT # Phe Material s and

Met hods sect i on enfreskxalapt aae&uclﬁlaﬂcﬁcﬁ]aﬂ%bﬁzgiﬁmibﬁbmwﬁﬁﬁfmnﬁpeeﬂr um of neutral

ol i gosaccharide g e [ I I; [ C2B8 anti - CD20
chimeric 1gGlL ant vﬁ%g&{%\ﬁ% mlerlc %&;e %%%%ngggﬁg co-transfected
wi th anti body ewmmﬂﬂ%tﬂlﬁplﬂpmwah@sa{cel@il@ﬁin@ﬁﬁegipmi}/pept| de
expressi on vect QLo REER R Aed bARld AL, %éeﬂ?blﬁdﬁolﬁ&lmﬁéﬁ}ﬂ&&éﬂﬂyur e medi um and

ol | gosacchari des were prepared and anal'yzed as déscribed in the Materials and
Met hods secti ons8f ‘ES&Sr‘rﬁlsﬂ"c?df‘(”‘?\)‘he@Wb@él%li”éﬁ%ﬁal“ﬂ'@hﬁ%Pqﬂ”é’ S¥ePNGaseF- rel ease
ol i gosacchar i desn witib&tiyHagaehe kid a@iah pReEIR tncRdd & RFbIRValerf Bkhed | gosacchari de
profile of PNGa eFr eI ease ol |ng§acchar| des farther digested with EndoH.

[ 00671FI G 28. Fum of neutral oligosaccharide mix derived
fromr econb!ﬂnﬂit glly@memg:ontéeﬂpsd tEAB8nEmtprovide2Ohastrielrengireerttdy@l ant i body

("Cn") producede . ;& c body expression
vect or ?EMI 520 x UEFJO%%?GJU’%F %lé%egﬁ%éﬁgééﬁ&gﬁp%dg%gg g%%llr(pETR1519) and

mannosi dase | | ﬁ@%"}‘béb‘ﬁ%@%%ﬂﬁ@ﬁ’&%@é%?@ﬁ%ﬁ@@@%M%ﬁ%%‘éﬁ'y was purified
fromeculture m%d}dﬂe@dﬂdae@hﬂ@@a%ﬂ@%&flg \A@fdeha%?marﬂdc@ng el yzed as
described in the Materjals and E%t secti E@ﬁ (A

O i gosacchari de *pPatiFEcisr © ¢ & %"é%"éhﬂﬁﬁ?sg’é‘s%l& g?@ﬁ‘ég\ﬁ th no

addi ti onal enzy palypeptidereatutaddy said Byilell gasicdampolpeppdeafrodueeddfy PNCr as
eF-releas e oli char 68] FI G 29.

Ant i body- depend%ﬁ?ﬁo ﬁlsgai?C§eg3%r m%h@%-n cﬁg Ctogg%uf&%%é)\%h%pan%?@)é{n IJCQQ

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

Fc region of an immunoglobin,



chimeric anti-CD20 anti bodi es gl ycoengi neered by expression in HEK 293 - ERNA
cells of a nucleic acid encoding a Manll-GaTElI fusicnpol ypeptide, where the
thi TTE catal ytic domain is localized via the Manlf Gol gi |ocalization domain,
where the Manff-GnTlIlI-encorting nucleic acid is expressed either on its own
-24- (antibody Cbrt) or co-expr essed in the anti body producing cells together
with a nucleic acid encodi ng Mann Cn]') is the unnodified, reconbinant
C2B8 anti-CD20 chineric | gGl anti bodyl4" O/vt ) produced in HE1C293-E13NA cells
transfected with anti body expression vector pETR1520. Assay details are
described in Mat erials and Methods section of Example 1. 100691FI G 30.
FcganunaR 19034 e c e Pl iurBierAsPeTL the v emipRis firected th § MEEETIRIIHRER o5

gl K/golelnglor%%eb e]g:otwepemhleﬁet&n obﬁprﬁﬁg@&tﬁﬁgﬂ\d@twlcﬁ@fﬂgﬁle&édt&g@%ﬁdel ¢ acid encoding
a Manl | - usi on po e ere the [ ic domain is
ovali zed via hENEREC HhFo o A TGRS BGHE o606 & SN 11-
CnTHI - encodi ng aﬂﬂﬁill%tbn&@lndclh&acﬁi(@bﬁﬁ@&@o@péﬂﬁﬁé h&ihgiMa I0wmvigant i body Cbrt) or
co-expressed in he ot uc s to th nucleic acid
encodi ng Mann ( %NP %“ty“ﬁpm%%ﬂgﬁggmg%io PR %@éeﬁglﬁ?y& anti - CD2C chineri c
| gGL anti body (gft@wtcbl)swpma)@fwc:\e@lq qutitiod EoE208 -2k Bdtfvodefriggnetty amisd ected with
anti body expre t i erfornmed as

y expresghgn ‘éx%ﬁx bt [ g@%/gaz%ggg hegm%éh@' tS‘glfleaEX Qé/r%ﬂ\ﬁ’aéf &f

described in the er| al s an ecti on e 1. Human NK cells
expressi ng Fcgdmmamelobeling sdepin ¢2id Sision Relyreptidsris smeeswdrie ) gt ed from a donor
of a genotype &Bﬁ‘é{@mﬁ@ho&lﬁztﬁé eﬁu&mﬁm&m&&é &g&@&@ﬁfd%lyﬁépt@e honozygous for

a gene variant that contains an in-frame stop codon wthin the FcgammaRTI ¢
codi ngy sequenc &fOltA GHERT hogt b AR! FIOR ERIRDPEPYAt ensi ty, measured by FACS
usi ng an Fljoods)l abelhedotﬁaampe&numnveh@ﬁlaﬂfeub@dwidmgmmhdum eases with the

anount of reconb nan n Yoo bound to .th ells |nd| ng detected in this
Roay i o Foga: MkPRIRE psPReomBh eBrtd hobsa B Saa B o ormet | ng

FogammaRBI a- spetledst @eanlckmaﬂymcromagmmnr(O&@eptﬁﬂ bpving BT adayed| G 31.

Conpl enent - ned o d %9 di es

gl ycoengi neere en%%%gggg%gd%nﬁo%égﬁ%m @LHHIS 0 v'ﬁ.ﬁuc ei ¢ acid encoding
a Manl|-CnTl I | CPEfgﬁoehWbﬁmﬁhﬂeOdHMP@mheﬂﬁé?Etel?ctefhﬁffalll*}ﬂfEl‘euldomal nis |locs
rind via the N&ensishng%}*agwhdl@&aﬂ)dd;%leanedﬁaﬁibedymere& idae g aGni - 111 -encodi ng

nucleic acid is expressed either agn its own (antibody Cbrt) or co-expressed in
t he anti body pr%%?hﬁémlf’éﬁasre%‘@g’&‘ﬂlﬁé‘i“tWﬁc%fg’ﬁﬁ&ﬁ%%m‘&@ﬂ'&b‘@ﬁcodl ng Mann (Cm).
Cwt is the unnnﬂiefemedidﬁfseﬁ@mppcpﬁd&ns@&Bﬁe@aua@a&umlcaﬁbmemﬁgm anti body

" Owt d [ 13- EBNA t j bod
Vector peTR 520 ismsebpt nertreht ol & b RRh BRI pake Ry
pE1R1842 (B), a=nld mma&qmmmmum G 33 (A and B). Expression vectors for
fusion proggagy Minli, cf ‘,ﬁ?&pa%{hlodg&)PmdL%@Mﬂpgp@ghgﬂggosatcharl de pro
c

file of RR anti 4i D20 nono
increased Fc—mechatcd cellular cytoto:umty in & 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
preduction of a polypeptide selected from the proup consisting of a whole
entibody molecule, an antibody fragment that included the Fc region of an
immunogiobulin, 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 Fec-
mediated cellular cytotoxicity as a result of said modification; and isolating said
polypeptide having increased Fc-mediated cellular cytotoxicity.



anti body produced in the presence of a-Mnnosidase Il and relative
percentages of the structures found associated to the Fc portion of the

anti body. 100741 FIG 35 (A and B). digosaecharide profile of an anti-CD20
nmonocl onal anti body produced in the presence of the fusion protein Manll-GalT
and rel ative percentages of the structures found associated to theFc portion
of the antibody. A igosaccharide profiles after PNGaseF (A) and Endoll (B)

di gestion. [0075] FI G 36. Anti body prodaced in the presence of a-Munosi dase
(Manl1) binds to the FcyRILIA receptor wi t h hi gher afflnlty than the wild

type antib 1 076 | G 37 pendent | 1 ul totoxicity

medi at ed b@g%ﬁyco ﬁfe"ﬂ’e&thfﬁﬁé’ i"r’{ﬁeh pRoap (18 CRI PTI ON OF THE
| NVENTI ON [007?»]03@1:@51 pdlwetide th hbdgsetall, ampganer (a) bq?tumgedhasnceulhe art, unl ess
ot herw se defined as.foll 0781As used her el t termanti body is

i ntended to mc?%ncf’md Oefe%\gﬁg&%oﬁnmmfaecéu °°dmgaH°1 i Jg’%ﬂ%n%cl onal ,

pol ycl onal and Mashdsideypel pdtivity @l@leqcondlbmspﬂmhfpmt émnr@@choasa,f aas wel | as

ant i body fraglrrgglﬁetpg@é E'&dtfﬁaﬁnﬂ:cgr&lﬁ fn%&nﬁﬁﬂv;hﬂﬁ' ?ﬁbbﬁ{l%lms ot hat include a

regi on equiva e FC region of an I muuo Al'so enconpassed are
humani zed and mbmﬁ@mm%%ﬁ@@mtmwgqmﬂw@mﬂm@mw“-bfrF@ term Fe region

i's intended t0rég%%fmt@m&logros@hm,ﬁz%s&egseﬁepﬁaéhﬁﬁ h@ﬁxﬁb%ﬁwuchal n. Al though
t he boundaries of the Fe regl on of tg heavy c m ght, vary slightly,

the human | gG AR EPsssd o ppgpepycien %ﬂ%@f}ma@oﬁﬂﬁ@an%m&er etch fromthe
am no aci d r esirdtsgiobf aligolyb@dd e b Gaill et @Ry DO Y isolatiigaidus. - 26-

polypeptide produced by said host cell.

)
{0038] In another aspect, the present invention is directed to a host cell

engineered to express at least one nucleic acid encoding a polypeptide having o-
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 fision protein that includes a region equivalent to the Fo
region of an immunoglobulin, wherein said polypeptide having a-Mannosidase II
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, particnlarly antibodies having increased effector
function and/or increased Fc receptor binding as a result of said modified
oligosaccharides,

BRIEF DESCRIPTION OF THE FIGURES

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



100801As used herein, the termregion equivalent to the Pc region of an

i nzrnunogl obulin is intended to include naturally occurring allelic variants
of the Fe region of an i munogl obulin as wen as variants having alterations
whi ch produce substitutions, additions, or deletions but which do not
decrease substantially the ability of the i mmunoglobulin to nediate effector
functions (such as anti body dependent cellular cytotoxictty). For exanple,
one or nore am no acids can be deleted fromthe N-term nus or C-term nus of
the Fe region of an inmunogl obulin w thout substantial |oss of biol ogical

function S varia C ed .accordi ng to general .rules Inmown in
the art soulg&s]m(o haﬁéﬁi W@ﬁ#ﬁ Sp%m’ﬁlc?{%“ﬁ.°t“€§g%’?mé‘?é’?¥ Bowie, J. U et
al ., Science 24drntdfpmlecombBaf)elycpfiBdced Asti-GbeIgfibatbery padiaedi on pol ypepti de

"havi ng 13(1,4)~§§ﬁ;e 1 al ] e vity" refers to
fusi on pol ypeptllIl es tnﬁlﬁ%régsgigﬁcéX%%{d%g‘%gﬁé/?gg?#g “étdﬁﬁjlt%né%lf a
N-acet yl gl acosanirner-fa@lettitioyithmediodi rapiessiopvertat pETRIREIgad with @& - | i nked

mannosi de of t hg fldaRaa 1 168) BtiBay Wb i8S h bERRARERAMhEea. This
i ncludes fusion polypeptides exhibiting enzymatic activ t,g simlar to, but

not necessar i yolisguntirdidss wers prepgiedpd prphess ap flesqribed inghe Mptericesapd g

ucosar ni nyl f r ange@sRs&:tibA (Lf,Ex&h@@l,knom as 3-1, 4-mannosyl - gl ycoprotein 4-
bet a- N- acet | uco i.ny] - rase (EC 2.4.1.144). accqrding to the
Roronc at urB04eD s + B8 2ot kB raR o SEetntt G PG BPBRRGH ot 1o and

Mol ecul ar Bi ol odpyivédNom rkib3Mindd )elycosm giread uttedD2Ig@l paibédyptokased bi ol ogi cal
assay, with or w ut . endenc -t he. case.wher.e (dgse dependency
does exist, it ]rllleée ﬁ%ﬁn%grg 't eﬁ l|“%%1 @?doen.crhgfgaoi?l&?nslfdyf,e&df-($acetyl

gl ucesam nyl t r afs¥l8T)agith GELhartivitvatrd decabizsth sicam Gndl-Gyigisiordlikadion t 0 t he

dose- dependenceyquflind (giieie ACtdutbdi w38 HATBALELssloR vEdE pi Bt Bo04) - N

acetyl gl ucosam nyl transf erase i fiﬁﬁ;l .e., the candi date pol ypeptide w |
exhibit great er @ctifhy/Gril SXprpoen [¥pes PERRHZ&ARIbOdSH S ‘fdeé? 1and, preferably,
ngt fror e tha]p ﬁm%@&%%@ng@%h?ﬁa%iépymmaﬂﬁdw&&ﬁamy, not more than
about three-fo ss activyity relatjye to the

P(1, 4) - Nacet yl ggﬁgg?ﬂ?ﬁ quthgﬁgﬁeaqnggﬁwglgi)% used herein, a
fusi orzpol yip@pl | de TFi@vi NGALDITQEF-MS- gattamt St ailigdseichaide adt | vity" or
"having Gal T activity" refers . to fusion | Ldes. that .are able to
catal yze the ad‘?finf"?dc%mor a lg’;l%ft‘fgic%e‘sj ?G{aeéilgn d‘é ?ﬁg&r}npﬁﬁgdyg%fjac ose to the non-
reduci ng term nialBHE eNdeerfdwitta nyele- dejdrevending o fepionamtyhentiicl€¥12- Thi s i ncl udes
-27- fusion pol ypapt) das Pl Ldidg, endy MRhiEd aghi ¥i Y1si 5]%, [ar to, but not
necessarily identical to, an activity of PO ,b4)-gal actosyltransferase, also

| rown as UDPGat m@n@\ﬂﬂ@%@}@wﬁéﬁ%@fwﬁlﬂ%@w@ﬁm, 1.38),
gpcoL ding to th&ﬁﬁkﬂﬁ%ﬁr}eﬁbﬂ%@ct.&iomm{(lsﬁgelaﬂgwwiémﬁnm @@&Qeﬁ&nofjb@i_or Uni on of |

i ochem stry an r Biolo - . as asured.jn a particular
bi ol ogi.cal assﬁ%fi%&°ﬁ?ﬁfﬁggﬁo®g %@B&H@%f%"?‘iﬁ%ﬂ%&%e wher e dose
dependency doeswexpreparediatd analgckd poleschisedimtbet¥ ptergels ahdMbtheds seotion of

[3(1, 4)-gal act o§,yﬂlnlbfeqnsf erase, but rather substantially simlar to the
dose-dependence 1n"a given activi %\I as compared to the ]
fi(1,4)-gall@dkyl trHngﬁerM-ééDWQ%. S pRdramaetaieisn oliprspophyaide ke wil | exhi bit
greater actiVit¥ioéd e redbRibRattNARo&RQHhorldyb@lxthed: &S sntadigo 1pGEf er abl y, not

nore than about tenfold less activity, and npst preferably, not nore than

Rbout 1 hr ee- ol BHPEYPraE T P SER IS EPNpocly (4Rl pigpegianetesied vt

, 4) - N-acet yl gl uesis@in exprydsiots aBsdraiEaR €520 0ABDpd By asapuiiied &b caltirel or

pol ynucl eot i de gyl ng & JUELEoLLAS, SANENGe: Bl a8 beehl AP € 95%

"identical" to a°Telerente nucl eotde’ equence of*“t"he present invention, it is

i ntended t hat tMetewalcdné biethdds ssaiquelifixempf 1.t he pol ynucl eotide is identical to

the refere eque e g rat I /| e may include up
Neéasp PP 6! ﬁ&ﬁﬂbmﬁﬁii{goébgcgg@e%wgﬂm?%?&&cﬁa‘iﬁy%59

to five point nutations per eac ) es _of the reference nucleotide
sequence. | n ot fraEredfomdecompiganiislyaseneineersd kyinele? et dndeody apfiusel a nucl eot i de
sequence at | east 95% i dentical to a reference nucl eoti de sequence, up to 5%
of the nucleotides in the reference sequence nay be del eted or substituted

wi th anot her nucleotide, or a nunmber of nucleotides up to 5% of the total

nucl eotides in the reference sequence may be inserted into the reference
sequence. The query sequence nmay be the entire sequence shown in either FIG
24 or FIG 25. 100841As a practical matter, whether any particul ar nucl eic add
nol ecul e or polypeptide is at |east 80% 85% 90% 95% 96% 97% 98% or 99%




a sequence alignnment the query and subject sequences are both DNA sequences.
An RNA sequence can be conpared by converting Us to Ts. The result of said
gl obal sequence alignnent is in percent identity. Preferred paranmeters used in
a FAS TDB al i gnment of DNA sequences to cal cul ate percent identity arm
Matrix-Unitary, k-tuple-4, Msmatch Penalty-1, Joining Penalty-30,

Random zation G oup Length 0, Cutoff Score-- 1 Gap Penalty-5, Gap Size
Penalty 0.05, Wndow Size-500 or the-l%ength of the subject nucleotide
sequence, whichever is shorter. [0085]1f the subject sequence is shorter than
the query sequence because of 5 or 3' deletions, not because of internal

del etions, a n&‘ﬁﬁlgﬁz@ﬁﬁ%tqg@ﬁ%@aﬁwm@f%‘%?dtﬂﬁéﬁﬁs@%li’ﬂl?@hdq'hl s is because
the FASTD\%hpr Ogﬂ“lfﬁmCTi@HB’) Ngith @emyratuvttpranE lo@ﬂlﬁled3wa'l[3 { urgat ighas of the subj egt
sequence when cal cu entit r subject s ences truncated at
the 5 or 3 en‘B*Emc’st‘dgfeW@@ﬁ lg{i B‘E‘r‘iﬁmé’écfgﬁh%eéewtwf%f?&%’ght identity is
corrected by cadndbodgtexprgssioh evectanEEIR1600 ddsweith GhTIIhexpassidnyves@fjuence that are 5°
and 3" of the s uence, h are not .matcheclialigned, as a percent
of the total %15 'tﬁ'ﬁhq’ qywas \é\%dueoﬁ[lcce Wg?lhnelr J‘Si] e le]o rde is

mat ched/ al i gnedwerspreteteémﬁandztetbgsdpeswwh@ﬁatmafdﬂtsa’cwssemeﬁce al i gnnent .

Thi s percent ageE)!a&l tchen subtracted fromthe percent identity, calcul ated by

t he above FASTDB pro ramusing the specified parameters, to arrive at-a final
percent iddMfHfky sc %W@G%W@ E@Squ@xéwﬂifor t he purposes
of the present ﬁdzxve@tmmﬂm DAL ﬁuicandetgehemﬁmdyaaﬂm&ed hases of the

subj ect sequenc p ed b t he FAST h are not
mat cheg/ al i gnedﬁ%ﬁa E&h@“ﬂﬁ% G aendde 2k @C%% né’(f?lyf’ﬁ’tn the purposes of
manual Iy adj ustwg- CtnﬁHI”pemthembTﬂHemmjzwnscloafaazed[ ©B86 XFedgi aptanpl e, a 90 base

subj ect sequenc gdeterm ne percent
identity. The d‘ﬁ?ﬂn?l on?&\g&%b&gﬁ A%Qn%%glgﬁxgl%w‘t% %{l%sequence and

t heref ore, the PASTDR*prRisign rresier EFHBéSWotﬂdsmﬂvﬁanﬁatmthateﬁghnent of the first
10 bases at 5 %ﬁaﬁ@eﬁﬁomlp&@&d%&%ﬁr@&w&a% ot@Jgaetartd@@ sequence (number

of bases at the 5 and 3' ends not matched/tota nber of bases in the query

sequence) so 10“@?@%@5%&@%#@&%@%@%@%@@4@9@%%6?e cal cul ated by
the FASTDB pr Ogmﬂmetga)mgosa@mwﬁme&mmae&mﬁw@mmm mat ched the fi nal

percent identit ul d be 40% In - 3 anot her, ex 0 base subj ect
sequence is con%’a%ﬁglg° ﬂ@’aﬂfdﬁ%e&’ QUpgpacs %H’E’grp"igﬁygﬁte fre the del etions
are internal deleleist oligpssschatideaturthtreigestalrvethnddiases on the 5 or 3" of the

subj ect se e wh attﬁ 31 In this case
t he per cenﬁbtﬁzlgal i t%ﬁggaaiﬁclﬂ%él%&%igé%glﬁ%ﬂﬁg cor rected. Once
again, only bas¥igoBechaides. Fndef Cﬁh@g%by@ét(a@ehﬁeﬁdesmﬁ)cwtawe not

mat ched! al i 9nedco&ﬁpfeiaoxtJ&ﬁxpﬁkl%éétea%ﬂgb@ﬁaﬁn&fse(bﬁﬁi‘&&ﬁln%mslﬁ%fﬁe&%@d for. No other

manual corrections are to nad he  pur poses of the resent i nvention.
[0087] By a pol‘i?ﬁ’@ﬂﬁfla%hﬂ’ggltWQ%WS%aH%wa@pﬁ%‘ﬂ’@% omg¥st, for exanpl e,
95% "i denti cal ' suhﬁmmam@myntaﬂbms@eﬂaﬂdﬁﬁahﬁmmveﬂmbmﬂpimm invention, it is
i ntended that t Svalh eguence t pade IS |dent| cal
to the query setguenceﬂgxge f’n%“h %mé%iomqg{c%%g% EL‘I% 1gequence may i ncl ude
up to Eve dbMflo aci HGaPt ehmibddyrispepdant efélehr mmamyn@\mdé“ﬁﬂ the query anino

aci d sequence. &gt g}w edlebled vsl RmBREQL Qo] ¥R dembAME®Y an anino acid
sequence at |east 95 dentical to a query am no acid sequence, up to 5% of

the am no aci d $8digee Soibrantippdies Fsjedrrduesd o e ciay FRdUtE &t ed, del eted, or
substituted w t@y@mh@pmaebfmc g%&mﬂaaﬁ@ﬁa}@@r@pm@mﬁl@ e T ef erence

sequence may oc ar b tions of the reference
anino acid sequ ?f&8%%“’5‘%&??@@008\%&5%%Xta%f)@gjﬂfblwﬁfeﬁg%d4&’%‘?’?’1 ons, interspersed
ei t her indi vi dusinphgblasigdeplls. eBfiectoreslisi(B) vehefestef- smlﬁaﬁmmmemmw or in one or nore
contiguous gro i)t repce s nc ractical matter,
whet her any pau%)§ i °a$2@&I€£e&g§ea ‘?gouﬁ % egs ﬁ%ﬁ&ﬁ%ﬁ%ﬁo 95% 96% 97%
98% or 99% i den:thO@aicﬂI by awtﬁefdeltM@mdLPﬁema@eﬂ@m the mepimai ned

conventional |y using known conputer prograns. A preferred nethod for

determ ning the best overall match between a query sequence (a sequence of the
present invention) and a subject sequence, also referred to as a gl obal
sequence alignnent, can be determ ned udng the FASTDB conputer program based
en the algorithmof Brutlag ei at, Conp. App, Biosci. 6:237-245 (1990). In a
sequence alignnent the query and subject sequences are either both nucleotide
sequences or both ami no acid sequences. The result of said global sequence

p— R~ ——— e~




[00891 If the subject sequence is shorter than the query sequence due to N

or Ctermtal deletions, not because of internal deletions, a manual
correction nmust be made to the results. This is because the FASTDB program
does not account for NN and C-termnal truncations of the subject sequence
when cal cul ati ng gl obal percent identity. For subject sequences truncated at
the N and CGtermni, relative to thg query sequence, the percent identity is
corrected by cal cul ating the nunber ¥ residues of the guery sequence that
are N~ and C-ternminal of the subject sequence, which are not matched/aligned

with a correspondl ect si.due ent o e.total bases of the
query sequence™ 2%?‘&5 g@%‘&’f‘gﬁ’g #agh??g@@ﬁ%gﬁgﬁ Feghed ﬁa%eq%lg’[‘r&rm ned by results
of the FASTDB sedjueiseaddfiagivnidy) tontrédlai Assqyeietdrdradpscribsl inMaterislabt r act ed from t he
percent identity, M%dgy%&gl%&%p{em above FASTDB program using .the specified
parameters, to-arrive at a nal percent identity score. This final percent
identity Si0eE | s \ﬁﬁétlol otilwdp-dérspdenthesllger pistaEith (ARG ¢r'd€ent i nventi on.

Only residues yu?]m &@Mﬁ&&@ﬁ&ﬁy@&% chiifLEAgE, Wwhich are not
mat ched/ al i gned wlth query sequence, are considered for the purposes of

manual | y adj usﬁ%gdlehﬁotb@ﬂéwwedewﬁvﬂmm -EENaeels-Frodgetio) query resi due
posi tions Fg})gg&%%ﬁ&@mﬁ&fﬁrm§Bft&bglﬂaedng&ie&ﬁghmb 1sr<§§thdJﬁ$130§ the subj ect
sequence. or e e m c re sequence is
aligned with a T geps F%’:‘ﬁ%@@ @i‘ﬁ@raﬁn@gﬁﬁ'&o%g h@rgﬂéflkgmeﬁ%ﬁ{'}ggéent identity. The
del eti on occur sumn lyhghoblasicid cdilauBfator ickle (Bulvpre GeshbeiguieaicCinand t heref ore, the
FASTDB al i gnne t i, irst 10 residues
at the N-term E%wﬁeﬁﬁda%%\g? ?ﬁ&%%f%%e%?%ﬁ%é%%f@%%{' the sequence
(number of r esﬂ@%ﬁetsngamftotmiwy lartafe @ehYﬂ@Emm(LHHl refrateghieitiettoral nunber of
residues in th%aﬂﬂ%%el%&&ﬁ%ﬂ&@heé@mlu@éad &&H@d&%ﬁ% {0k he percent

identity score cal cul ated t he FASTDB program the remai ning 90 residues

wer e perfect | yromateciiairg H‘éd“ﬂl rigitead Of @pPedy) FeptEqlt y%ﬂldata‘ﬂa';ear%% I'n anot her
exanple, a 90 aam@me;mmagl Qﬁdlﬁaﬂmgﬁbﬁ@odoi‘]iﬁ@ﬁﬁnﬁl I, eld with a 100hr esi due query
sequence. et| re ternal . de ns there are no
resi dues a';wgfoie ”%E[#ng ?‘é‘ e’PB’F Hb%@ﬂ“%&&@% fwi%eh are not

mat ched/ al i gnedinWIIHglMuegmpﬂ&dys ‘hrnGﬁ"Eﬂl‘Sg]emmehed paecmlmmht, arti31- identity

cal cul ated by I 1. ONl'y residue
positions outs?g &%&ﬁ\l} %ilé%rﬂr%&n% Og%%%ggf’mﬁ}e Su sequence as

di splayed in t ﬁ@dmmmﬁmmﬁlemem %’-@Hﬁbweme@n‘e@tﬂmdlfgned with the

query Sequence1s%E[§ctémﬂF&§|4|aﬂd&&ESﬁEévﬁ%ﬁﬁi-glyNQnﬁﬁeQ:%& ?ﬂJF@O”eC“ ons are to
be made for the r poses resent i nvention. [0091] As used herein, a

nucl eic acid tha arge'\"g?Bs’r@W?@Wﬁﬂ@@@ﬂﬂﬂ%@?ﬂm%?ﬁdIE PeREsls By a nucl ei ¢ acid
sequence of thezeﬂemmyhbcﬂmmhhﬂﬁ:chAﬁEinﬁbmﬂeﬂ E®bsiueld it hahodiybri di zes in an
overni ght i ncubatl 42 C i sol ut| onpr.i si ng 509 rmam de, Sx SSC
(750" nin nac, Pt e Gy o e ok SRR Rl e CoH 7 6y

Denhardt's sol cﬁiwmhtm@tommaﬂcamihmaeieteandlnzﬁadpfgvdhtﬂdybbedlatur ed, sheared
sal mon sperm %on&ﬂéoh?%%%e%uﬁﬁ@%ﬂéd chjdfdfl 1nt§foﬁy)'cﬁn&151%s C at about 65C.

[0092] As used herein term Go i zat1 on"'domain retfers to the am no
aci d sequence B2 axegpsgroed goyleferiels %W‘B%ﬁﬁﬁ%@%&ﬁxwl?b responsi bl e for
anchoring jebsijn | ogadilon shdikd Bf t‘m@(}@ﬂﬂglgb@%gh@i@d eenerqalitdey, | ocal trafion
domai ns conprise amno te an enz 93] As used herein,
the tern a ef f EEYRMH LI cﬁE‘F H[ES‘EP EHEB WLPE%'PPW ties
attributabl e t dktchis. Bothretipodies weee pn@ticed én BEKZAS RENARelly @gidostionr ami no aci d

sequence vari a{j’;(feglﬁBﬁrJ?“g‘!’nP@gﬁlg{’ L?ﬁn%ﬁ?%igg?%‘?’“ﬁg%? ngﬁctg{ g%dg body effector

functions incl are no Ing affinity,

ant i body- depend@ﬁhose@memdlﬁﬁﬁﬂmbmimﬁgﬁ Taboding assaytiabrsdfyrdé pendent cel | ul ar
phagocyt osi s ( ADERbipedid RIIASiaR SHEERNs PGS EAIP! SxadiBdinat ed anti gen

upt ake by antigen-presenting cells, down-regul ation of cell surface
receptors, et cSelpogoadn &@*ﬁ@%ﬂuﬂ%Wgwwfm%ﬁ@”ﬁﬁ?ﬁﬁw%ﬁﬁﬂﬁ§EWmléngineered,

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

pol ypeptide or fragment thereof. G ycosylation engineering includes netabolic
engi neering of the glycosylation machinery of a cell, including genetic
mani pul ati ons of the oligosaccharide synthesis pathways to achieve altered

gl ycosyl ati on of glycoproteins expressed in cells. Furthernore, glycosylation
engi neering includes the effects of nutations and cell environnent on

>




[ 00951As used herein, the termhost cell covers any kind of cellular system
whi ch can be engineered to generate nodified glycoforns of proteins, protein
fragnents, or peptides of interest, including antibodies, antibody fragnents,
and fusion proteins. Typically, the host cells have been mani pulated to
express optimzed levels of Ol 111. Host cells include cultured cells, e.qg.,
manmal i an cultured cells, such as CHO cells, BHK cells, NSO cells, SP2/0
cells, YO nyelonia cells, P3X63 rmus‘ég‘nyel oma cells, PER cells, PER C6 cells
or hybridona cells, yeast cells, insect cells, andplant cells, to name only a
few, but also cgells rised wwthin a traiasgenie aninmal, transgenic plant or
cul tured pl ant %9)‘}‘” Shia nﬁ”%es@%’“ op o P AKe LF§M%§ FePPh -2 er m Fe- nedi at ed
ce: : u: ar cytot ﬁé(th@y@o)bsfoﬂﬁhdﬂd@?afgnﬁathﬁd?ﬁsﬂlfﬁ%ﬂﬂ%p eddbh wHtiadi theyt ot oxi city and

cel lular cytotaxicit te ol upl e Fe-fusion prot n contsining a
human Pc-regi o dd'qg yhecﬁ%?m%ﬂl%ﬁ AGSEe PHEs ﬁm s of

"anti body-tar gatesdredb:HFmCStbmghﬂnmﬁnabelﬂadmehmﬁahégﬁmﬁbmlﬁhgnqnt wherein: [00971The
“human i mmune | ls" ar i of . | e s that display Fc
receptors on t en sugrf aglg D?motuoéﬁw%ﬁgﬁy%rﬁ%é%&c‘n { ﬁ?ﬁf(cﬁg regi on of

anti bodi es or Bﬁ@gdﬁmmﬁpmﬁmmﬁfﬁmﬁ@ﬁmmmbfunctl ons. Such a

popul ation may .t En&lmg}; ral bl ood nononucl ear
cells (PBIVC) and/ or e u?éai‘J %iog@lff%nc? 8%%?%2 "anti body-targeted
cells" arel®®|s b&i&ﬁd%ympﬁes aﬁt%ga -ghcoquginectedsyso pupndidiedi ns. The

anti bodi es or P&oﬁ&ﬁn@&hﬂﬂ%ﬁﬂﬁn&k@ﬂmﬁﬁbdﬁﬁfo@%&mﬁﬁhﬁr&bﬁoﬂoﬁe protein part
ion. 100991As used herein, the termincreased

N-termnal to
Fe- medi at ed ceﬁ‘]%u‘i‘eﬁ BFB")?F%?%’?“?‘%‘“@&?“[CH’@G“‘E@ of P-{OPRPeE 270 r ease i n t he
nunber of "ant Fb@ﬁbymkmragﬂioeﬁfr@leﬂtsﬁotﬂnh:&inbﬁmﬁaﬂny&ﬁawleﬂapﬂd@bdﬁﬂn time, at a given

concentration gﬁgﬁ%t y fusion, br e edi um surroundi ng

the target cel fg}%}ﬁﬁ cr%lcha%{msdﬁg%g? ?l“e Sgl%'g%] @éﬂﬁpulogr cyt otoxicity

defi ned above, E.b[m#lmeradrﬂmgdztmdmmtﬂi nfee. domd dmse of tho mmpfdifent | body, or of

Fe-fusi on prot j : i S, requiredto
%tﬂvmg) & mpgl %Bx%u&&?%g ﬁt@gghlg(?a} A%k g;eh;le

achieve the lysis Ji ven num -targeted cells", in a given
time, by the midatranp O%W%ﬁﬁmebémcmwwmmﬁﬂw The increase in
Fe- medi at ed cel:émkﬁﬁmeaﬁﬂmaae&h@oay(m{{a@mmesﬁceheanw@fss@rdl%&r - 33-
cytotoxicity nediated by the sane an , or fusio otein, produced by
the same type mmws@esu@epq@wwww@sgsma@mﬁmp@nﬁ £ion, purification,
formul ati on angnskRiRgRITELAMS, MineR). AHBmkNoWR toeist hesessski | | ed in the an,

but that has ngt bee roduced_hb ost cells eered to express the
ol ycosyl t ransf S8 mcwreﬁ%ﬂﬁe{}?faamawfwg REFEISTOIPO1001By ant i body
havi ng i ncr eas &tbvardok hopiydlﬂeﬁﬂﬁﬁlﬁﬁﬂﬂcﬁﬁbdpml' &ite., tipinOtypdis Cfortayga(nADCC) is neant an
a0 00y ! 5 BB SR DR, B A B o100 ko T
fol l ows: sequence). Gcometnc mean fluorescence intensity, measured by FACSusmgan
| FITC-labelled anti-human IgG antibody fragment, increases with the amount of
recombinant antibody bound to the NK cells.
[0053] FIG 14. MALDI/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-GnTIlI-glycoengineered antibody produced in HEK293-
EBNA ceils co-transfected with antibody expresston vector pETR1546 and
GnTIIexpression vector pETR1519. Both antibodies were purified from culture
medium by protein A affinity chromatography followed by size-exclusion



1) the assay uses target cells that are known to express the target antigen

recogni zed by the antigen-binding region cf the anti body; 2) the assay
uses human peri pheral bl ood nononuclear cells (PBMCs), isolated from bl ood of
a random y chosen heal thy donor, as effector cells; 3) the assay is
carried out according to follow ng protocol: i) the P13MCs are

i sol ated using standard density centrifugation procedures and are suspended
at 5 x 105 cells/m in RPM cell cul t#fte nedi um ii) the target

cells are grown by standard tissue culture nethods, harvested fromthe
exponential grow hase with a viability higher than 90% washed in RPMLE
cell culture rreﬂ?%%?ﬂ%eﬁ‘fpe@ HoERsrdrgs0 ek d gy eyghanging the washed twi ce

with cell cul tuw@fehegnddﬁnate@mhrmmg%we@hgb@s&%desﬁ%bw?@edrﬁﬁail umat a density

of 105 cells/m mcroliters ofth inal target cell

suspensi on abovalyped 2§ Jesqribedin thedMa ials apdMetpads segion LT Brampld I i crotiter plate:
iv)the antifbmdy is §gr sl IBindhgl oft b-GAONT 49RngeHeRE v Ouaoddieng/ M in cell

cul ture nmedi um and 50 m ¢raol rs of e result ody solutions are
added to the ta"r“@"é‘lbm@gialnEE%F#’T \%qﬁ‘n‘ih"@ F‘Egg-'rm&tdé‘t %th”ésti ng in
triplicate vari mRajlamfnmbB'ﬂlyhmn:eHmtBoﬂi:Inﬁbtﬁhe@%ﬁtptd‘dlgceﬂhEMSG concentration

range above; oI utl 0 o non- i_oni erer ent ni det, Signm,
St. Louis), I nsri\’/gﬁ‘:ﬂ “&P O%edugn g ?n BA poglugh P’Go Vi)

for the spont an@bbtslyméb;@fasienﬁSR}lbmmosmfsheu@ncakﬁ!bdmhbmm%ﬂ%s in the plate
containing the abehdifhel:udCherfifbliSs a8 it MkMCLONfS Of UNE cel

cul ture nediuminstead of the ant1 body sol uti onpéqqm nt 1v above);
Vii) the 96-wel fectipnof Braumpdy 1. pPegmeetricqmeap dxoressfee infang e masdY g for 1 nminute

and incubated fpicsushe @tc4dbeiled anti-human IgG antibody fragment, increases with
the amount of recombinant antibody bound to the Raji B-cell lymphoma cells.

[D055] FIG 16. Binding of “M2-GnTII”-glycoengineered vs. unmodified

recombinant, anti -CD20 chimeric 1gG1 antibodies to FegarnmaRI1la receptor on

NK cells from different donors. Both antibodies were produced in HEK293-

EBNA cells. Production and glycosylation profile of the glycoenginereed

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

binding assay was performed as described in the Materials and Methods section
of Example 1. Human NK. cells expressing FcgammaRIi]a receptor on their
surface were isolated from domors of a genotype known not to produce
FegammaRTIlc receptor (1.e., homozygous for a gene variant that contains an in-
frame stop codon within the FegammaRTlc coding saqueﬁce). Two donors were
genotyped as homozygous for the 158V-“higher-affinity” variant of the
FegammaRIla receptor. The other two donors were genotyped as 158V/F
heterozygous for the 158V -“higher-affinity” and 158F-“lower-affinity” variants
of the FegammaR1ila 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 FcgammaRIHa-specific as demonstrated by use of a
competing FcgammaRIla-specific antibody fragment (sec Fig. 13).

[0056] FIG 17. FACS analysis of truncated-CD4 (tCD4) expression of (a) BHK-
150228 (wild type) and, (b) clone BHK-1502-28-11 (M2-GaTHI-



viii) 50 mcroliters of the PBMC suspension (point i above) are added to each
well to yield an effector:target cell ratio of 25:1 and the plates are pl aced

in an incubator under 5% CO2 at nosphere at 37C for 4 hours; i X) the
cell-free supernatant fromeach well is harvested md the experinentally
rel eased radioactivity (ER) is quantified using a gamma counter; X)

t he percentage of specific lysis is calculated for each anti body concentration
areording to the formul a (ER—I\/R)/(IVR—‘@R) x 100, where ER is the average
radi oactivity quantified (see point ix above) for that anti body concentrati on,

MR is the average radi oagtivit uant i se bove) for the MR
controls (see p ?’??F“gbnegﬁcé\?@le ‘%tﬂg" F@Kﬁﬁ@(a&t}@dg Cﬁ’él vity quantified
(see point ix akgvagiod emChhs oﬁRatﬁy)mﬁé@toS\di—Sﬁ’Eﬂ]pﬁprﬁismmwaahdﬂES 4)'increased
ADCC' is define as ei I rease in the ent age of specific

| ysis observed ‘ﬁi@ gﬁ%ﬁéﬁﬁ%ﬁ?&a ﬁ@"gﬁﬁg gfi’&?ﬂ above, and/or a
"eduction in thmd:mmakﬁfoat(iniﬁﬁhaitremon.i Medynd gouetiedesn Guaehereve one hal f of the

MAxi mum per cent 4ae.of §r§§%p&g9e\1fy ¥~?ér%.d99§?orr glgggeﬁn&k%zé: %46‘7% body

concentration range tes e 1'ncrea I'S re ative to the
ADCC, measur ed 4 fonthevdd Sbowd lasssay, medi ated by the saute antibody, produced

by the sa e of MR PrORMRS £RE4R gction,

purifi cat andsy?or wrf@ﬁon andlﬁpstor 3ﬂcmat &5}% are known to those
skilled in the #Fred fiem %%WWW%%ﬁ“ﬁ%%eﬂ“ﬂD%ﬁ@eﬁ%l | s engineered to
over e>c<:pDr2888 thgxﬂmm&b%&%ﬁtam& 1{Qap%aa§semﬁaﬁhﬁo n% th?eI term

anti - anti bo nded, t 9 mean an anti bo specifically
recognl)zes a ceﬂn%g Hﬁfle"%ﬁ??ﬁchEB m%lES’S %ﬁﬂ%‘ﬁﬁ’%i@%&l n of 35, 000

Dal t on; typical Myteﬁkeﬂngmtheﬂksamoﬁb@xhupmn B | ynphocyte restricted

differenti ant %ngj LI 01021The present

i nvention a[bdﬁgiased gﬁ?ﬁh scovery gﬁﬁﬁﬁﬁlgogélsﬁcﬁﬁaajn m%mﬁ%/ produci ng cells
to express a nodesived m@ebly@e@@oad@hhdwm@ﬂrﬂmdlgeshonWlthEndoH, _

0(1, 4)-Nacetyl gﬁé{]gqﬁa_@ﬂﬁ#_n% ?‘ E s §;ﬁ‘-ﬁhﬁbb2@ ekt Yie® alternatively,

13(1,4)- galactosyltrau activity, correr’S| ng the Colgi
| ocal i zati on do#ébeily gfodugedy| i@@tzaéhﬁeﬂé‘et ¥ ﬂé@mﬂl‘é@@lﬁ?@oﬁ n antibodies with

i ncreased Fc r egﬁratl%{) kactaREH B&hafidnl R byaR ke bERASEE MitbiRklpe function.

Alternatively, antibodies with increased effector function and/or increased Pc
receptor bi ndi n§eRefs sisEOHBERPRG by engi neering the anti body-producing cell's
to have i nqmisa]sed eXIy essmﬁ&n@fofa‘m&'ﬁncg@cdeﬁjgﬂeeﬂe@wl emiigedi ng a pol ypepti de

havi ng aMannosi d IT C tic a . In prefer odi ments, the

fusi on constr uc‘t% @g@#m’mﬂc ’W?‘V%@%@%@%@Ssed with nucleic
acid nol ecul es Enmm_gzmm!rbcemr ﬁm‘lmIL c[thle3}Iﬁ®s)datidhr;g¢§1¢ af thone enbodi nent,
the present | nvgaplLQRheleS Bhf@G 1s&fow8n #Ms. 18 and 19. The binding assay was

performed as described in the Materials and Methods section of Example 1.

Human NK cells expressing FcgarrmaRIIla receptor on their surface were
isolated from a donor of 2 genotype known not to produce FegammaRIIc receptor
(i.e., homozygous for a gene variant that contains an in-frame stop codon within
the FegammaRIlc coding sequence). Geometric mean fluorescence intensity,
measured by FACS using an FITC-labelled anti-human IgG antibody fragment,
mcreases with the amount of recombinant antibody bound to the NK cells.
Binding detected in this assay is FcgammaRIIIa-specific as demonstrated by use
of a competing FegammaR [Ma-specific antibody fragment (see Fig. 13).

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



i sol ated nucleic acid conprising a sequence encodi ng a fusion poiypeptide,
wherein the fusion potypeptide has 13(1, 4)-Nacetyl glucosam nyltransferase ||
(O 3l) activity and conprises the Golgi |ocalization domain of a Gol gi

resi dent polypeptide. In a preferred enbodi nent, the fusion pol ypepnde
conprises the catalytic (domain of 13(1,4)-Nacetylglucosarrinyltransferase
1111 and the (3olgi localizaten domain is the |localization domain of

martnosi dase H. In a further enbodi nBAt, the Golgi |ocalization domain is the
| ocal i zation domain of Gal T. [0104] Preferably, the isolated nucleic acid has
t he nucl eotid e sequence shown in FIG 24 and S I D NO 14 |1 n anot her

preferred enmbodpiesies: Behantbadipgrerenstdyisd et Od SBpY celssPrrfietitiat al yti ¢ domai n of
i1 (1,4)-Nacet ylagi ggR8aHoR ybolileANEE QFeveRzietekd mdodyhedegctehgmg@cal i zation donain

is the Iocallza mai n 2 ace a|n| t uansf erase

(Qll). Prefer @0339%33}‘1‘15‘8%@%&“5@? kg h%‘rg% Wﬁ&sg&fﬁence shown in FIG
25 and SEQ ID N@nﬂ:ﬂymﬁﬂobl&tdia&dﬂyﬂlmbdi@kﬁﬁhmash@d&hﬂﬁb&smLﬂﬁﬁai n of anot her
CGol gi resident _pol sed, . In a enre enbodi ment, the
ol gi IocaI|zaffoﬁ¥%5ﬁ%|%Epgﬁégfedggﬂc??8sm? d% ﬂsfmglng of the

| ocal i zati on %ﬁﬁméd@ﬂumnfbhﬁﬁkl 2) - N—acetylglucosarnlnyItransferase TI, the

| ocal i zat i OMai Ny nﬁgg%ﬁhg@ Qadomai n of nl 6 core
fucosyltraﬁm?ﬂrrlse ﬁ%ll I'n ano#ﬁg%%g?epa g%g%%%ﬂglnent t he present
invention is di ﬂ@@ﬂ@@t@%@b%ﬂe&%u@ﬂél@ﬂb@iﬂf@@@mﬂsém a sequence t hat

encodes a pol Y%ﬁﬁ&hﬁiw&&&r&&ﬁor@ﬂm?aﬂfﬂrﬁu&@m% EBQWRkn FIG 24 and SEQ
I D NO 15 or 25 and SEQ | D NO ﬁgesent i nvention al so enconpasses

an |so)! at ed nucPeVeEnodied prefuseyl 15 FEES O RRRA Ry tRSfEddT Pes under stri ngent
condi tions to antbpbydxpliessivhvator prrdies. mmmﬂm@tyme@mumemyof whi ch consi sts

SEQ 1D NG 12, PHEMERCHREGHED S File EHEPTar 86 BIOES AP abFated nuc ei o aci d

conprising a seiURUR2%indIGaaT exBeSonBEYr pBORAS1958B6th 86Rdi@A%e 98% or 99%

identical tot I QID NO 14 or FIG
25 and SEQ I D %@ﬂ}g%ﬁ%’g‘%&%@rﬂ%ﬁﬁ rrgﬂ@t’)c glat?ﬁl?}éh tﬂ?fg% IS directed to an

i sol at ed nucIeﬁu&@@mam@@hpmﬂsgn@yawsequeﬁweﬂwﬁ@@H@h@d@@ym&mpolypeptide havi ng
an am no acl d SeauERRS RS 0Bl il AN Y0ig0N @I  96% of 9%
identical to the amno acid nce 24 NG 15 or FIG 25 and SEQ
NO 13. The mvéfﬁeupeﬁm‘aﬂeéa@%emaﬂge@sdaﬁwwﬁlﬁw Peedionefi d conprising a
sequence that engRAes a pol ypeptide haV|ng the am no acid sequence of FIG 24

and SE ID r 25 a d SE r 13, Wit e ive anm no acid
substi?uti [010%‘523 “@W&% cytft‘?f%‘“?ﬂe@gﬁf“frv}\%nti on is directed
to an expreSSIdﬁTHEQM@Nmmbﬁﬂhvs@mmﬁﬁ&ﬁﬁwammm&ﬂmaEéﬂkﬂm@hﬂhﬁﬂacid of the

i nvention, suchcgg th%SSaP%% rlgg%mgg%%e(mhe%%Zhh %ﬁigﬁy enbodi nent, the
present invention’is ITecte usi yp ep avi ng

13(1, 4) - N-acet ﬂ@l@ee%rﬁwﬂ@mmm%m@nmmm@o%mdcimtqder natively,

13(1, 4) - gal act %Mglztzsm(%l;aﬁtﬁe&mﬁafﬁﬁdanna%&wmtgyzzaamg&@ém sing the Colgi

| ocal i zati on donmalrn of a beterol ogous G ol 8 resi dent Fo peptlde hi
preferred enbo&@ﬁ@ﬁ?%mm?ﬂémﬁﬁ§ﬁéﬁmﬁwpfﬂ56@‘ﬁ%%NBﬁ5gﬂﬂn i on conprise the
cat ?l yt: c f'Oﬁalcélls@)k%geheéﬂly-&bia@cﬂ%uﬁa?ﬂmosm T!‘)‘itiolbmfvﬁisg&&m]tﬁ {E a

articul ar erred. e nen e on epti.des further conprise
e oo | ben S Rar T hramGR oty B lact Rl it Gouate ™
1lcr13(1,2)- N- ableﬁ}yr}egh:madstafmtmylmsamﬁrerem_(hsu(g) g§Fd}ent instedinofal t er nati ve
embodi ment , t NGy Gahglanh Q5BLAA 80 AL TR RS S6LAh: eyl Fom the group

t ca

consi sting of tion domaln mannosi ase " ocal i zati on

domai n of 13(I controly. kssat detags G@d@ﬁ?ﬂh@dﬂyﬂﬁmf%ﬁaé@oﬁ% secticft he | ocal i zat i on
dormai n of al - it prosyl transferase. The fusion pol ypepti des of the present

i nvention na be prepared by culturing the host cells of the present invention
in a medi u[ﬂogﬁlder c%%dr?‘fl oHE BiCiBWATHY STMECR BY 840D FRHESnuc] ei ¢ aci d
encodi ng said E&?dc%lmméwésdﬁsem%@ﬁﬁd%eﬁﬂb&ﬁew&bﬁﬁnp0| ypeptide from
the resultant culture. [01081The present invention is further directed to a
met hod for nodifying the glyeos-ylation 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 polypeptide is 1gG or a fragnent

t hereof conprising the Fc region. Most preferably, the polypeptide is g3, or
a fragnment thereof conprising the Fe region. In another preferred enbodi nent,
the nodified polypeptide is a fusion protein that includes a region equival ent




[01091The present invention is further directed to host cells conprising the
nucl ei ¢ acids and expression vectors of the invention. In one enbodi nent, the
present invention is directed to a host cell engineered to express at |east
one nucleic acid encoding a fusion pol ypepti de havi ng

f3(1,4)- hbcerylglueosaninyltransferase Mactivity or, alternatively, 11(1,4)-
gal actosyl transferase ("Galin) act|V|ty in an anDunt sufficient to nodify the
ol igosacclaarides in the Fe region of*3a pol ypepti de produced by said host

cell, wherein said polypeptlde is selected fromthe group consisting of a

mhole ant i nol e ant'bod fragnent, and a.fusion protein that

i ncl udes aﬁﬁgélon é%§r@§l f%ﬁ?%@g¢émw Fdﬂdd?mﬁha? Pobulin. In a
?referrfdtE?bOd&ﬁﬁg%?%bhmﬁ$ﬂ%§feﬂLanmﬁﬁﬁ§§§EfegMMﬁﬂ:§T&@Stbcell hshlg? Orl?
fragmen igﬁ 25[@1@% Y OP/P/ ide %o uced. by sai ost cell
is IgGL or r agmettt’ TOERMS i 5@ﬂﬂﬁﬁb produced by said
host cell is a thamsinodifigl BtodibnattifaB8 el APebimarid lgGil anibedy(icrallent to the Fe :
region of a hu i tides produced by
t he host cell sr{%ﬁ '% ge i nve%?@%%g%%&?&%ﬁ'g?gg%e%}%gr&?sgéc%‘g gr bi ndi ng affi ni ty
and/ or i ncr eas @8TRIR28chutibodymaspimdfed ﬁo@SulﬂasmaiJmmdlohg@ﬁcctlmesrmdl fication.
Preferably, thedes, a@éﬁqmﬁsagoeage&&%mm%mﬂ@md'mgﬁoh@preased bi ndi ng to

a Foy activating receptor, such as the FcyRata receptor e increased
ef fect or functiES#=p&5-preferably an increase in one or nore of the follow ng:

mc_rgazedd@mqbody pt@lmlendﬁl At DEEbF-Msaipediniindr bitel bwgosac&ﬁﬁ@aﬁﬁd . _
ant i body- depen el lula a t 0Si s i.ncreased cytokine secretion,
i ncreased | m’ru%énc?gr%?}‘fr‘etﬁ‘}of’f‘é’ﬂgﬁt@ éﬂ“@@n&% g‘l‘ﬂ “presenting cells,

i ncreased Pc- nmediitathe@Cioe) roduesd iyEXODDRRNA cjlls co-mefmadthbmubddyng to MC cel | s,

i ncreased bi ndi cr rphonuclear ceIIs
(PMN\s) , |ncreas;2 &‘% %E ?}%}?}ag%ymé%%fﬁ gg%ﬁggex f)ess ‘x‘f:{lgng of target-bound
anti bodi es, i n(fpléﬁ@éw_) mntlbndbfwsam}nﬁﬂﬁmglquhvd@umﬁdagna}d@pg@mcwdwncreased dendritic
cel | maturation, r@?é?ar'e@%ﬁ%%ﬁgghald&%lbgdiﬂ loMtaRtats kel MeldohdbeioRy ti cul arly

preferred enbodi t cel e tnventionis a CHO cell, a BH1C
ce]l, a NSO celBxample &rt4) Glignsperharide rrofilapEFipasettisicpse OBEQB@)@BId?PDuse myel oma cel |,

a PER cel |, a Rﬁﬂn@ﬁidﬁﬁﬁdlc:%m&chﬂﬁﬁénﬂ@ﬂ@h@&kdchaﬁ@&br&ﬂj&fpﬂt}mpt' de produced by
sai d host ceII IS an anti - CD20 anti body such_as I DECC288. In another preferred

enbodi ment, t hdelfsktlispsapopanides fupther digsetod MR Badofl - human EGFR nonocl onal ant i body
C225. 10117bkm addi BIG@s. tmmmﬂ-msrbgemwlnenm alﬁ:goehceﬂﬁang a fusion

pol ypeptide of the.inventi e host vent n may further
conprise at | eéig? e%nﬁe0 traﬁng éicB% rg:dl [ 1?1’61 an t| body nol ecul e,
an anti body fr agrhedt ( @I@T)arqduqqgméﬁfa%EBMafﬂlsFéetmn&fgltedrwnﬂ:mbedyf usion protein
that includes %xﬁr%gl'oﬁ"@ec%%ﬁﬁﬁﬁt fulifn RPf ForRf £l vedmpuno glo bulin. In

preferred enbodi nents, the at Teast one tr nsecte nuc ei c acid encodes an

anti-CD20 anti &Wﬁl%éﬂ%maﬁa@}sideqe%tppb?ﬁnﬁ%wweeaﬂ%wmdﬁ%nocl onal anti body
Cﬂnggb thﬁ chlh !Ehb@y@@iﬂunﬁé&%&cﬁﬁﬂ%e&&iiud@ﬁg’oﬁdc&ﬁﬂ&d A sveRpehal anti bodyI |
c , the chineri nti - n.c r t carci noma nonocl ona
anti body | NG 1,ag‘?ﬂl@g'ﬁ%ﬁﬁﬂ??@’?ﬁﬁqﬁ%ﬁﬂﬁﬁﬁnqge%%gé?ﬁ’fl?‘b%fﬁx%ﬂﬁg‘l onal anti body
3622 W4, the hayatig@edhaidt iphufittaof PXGoeReleade dlign®echaivies lmﬂynoABB t he

anti - human nel ﬁg%! agal Jde R24, the
chinmeric anti %gcr%g% s aﬁ%ﬁ%ﬂtg}gﬁte@ééﬁj%l no%&#‘r}o%ge?:fgﬁa ahe'?l ody SF-25, an
ant i - human EGERLgasedcksodss further digestpdientbelindpi&-Ry| dI  ant i body, an anti - human PSVA

anti body, i cc@”“ " e, el ibatbey @0 @i IUBRE) ARA. A | body, an
anti - hunan 0 ant.i bod%al an an

AG72 "ant i bod an ant| -hite
nol ecul ar wei gifiimsE Ox2ndibRdies (EAOHBIRGCERE Y (FLIENISA 'F’MB&%KJ &%t i body, an
anti-0D3 gangl lﬂmmusaumimm;md&bomhmmwdn@&m&me&ody, an anti-Gw

gataglioside anti nti- a .an anti - EGFRYLE
anti body, an aglﬁ C‘p“lqﬂ%/déﬁ'fyhﬁg %8%52’3‘12%%%“@%6 %ﬁf&%%‘g} ‘an anti-LeY

anti body, an amthere e amllaEtTilbexkydinginchivtacii€l &ShBssahsithioayits ca ant | - human CD33
anti body, an anti-hurrian CD38 anti body, an anti-hunman 0D40 anti body, an
anti - human CD45 anti body, an anti-human Cl)52 anti body, an anti-hurman CD 138
anti body, an anti-humanl:|LA-DR variant anti body, an anti-human EpCANl

anti body, an anti-human CEA anti body, an anti-human M JCl anti body, an

ant - human MUC1 core protein antibody, an anti-human aberrantly

gl ycosyl at edNal C1 anti body, an anti body agai nst human fibronectin variants
contai ning the ED-B domain, or an anti-human HER2i neu anti body. [0113] The




pol ypeptide in a host cell conprising (a) culturing a hod cell engineered to
express at | east one nucleic acid encoding a fusion polypeptide having

N1, 4)-N-- acetyl glucosam nylttansferase Il activity or, alternatively,
0(1,4)- galactosyltsansferase ("Gal T") activity, under conditions which
permt the production of a pol ypeptide selected fromthe group consisting of
a whol e anti body nol ecul e, an antibody fragnment retaining a functional Pc
region, and a fusion protein that |n§ udes a region equivalent to the Fc
regi on of an Mariano gl obulin, wher 6°H sai d fusion pol ypepti de having GiT11l1
activity or, alternatively, GVI actrvrty is expressed in an anpount sufficient

to nodify the olj.9qs hari des in. the i ai pepti de produced
by said host cgaln{ﬂ%%éﬁ%%(of)fo ?Tgfsg‘ilfnﬁtbe agtéﬁo&y% ”“‘“"fs’ft’fff i ﬁm%g preferred
enbodi nment , theucfausdcmrtnqaﬂfngp&pm(ﬂe) Canip thie seBodified, Ie@hmingmrcmBaorrar n of
f1(1, 4)- Nacer n .a rl referred

( . ) yl Bﬁfbsc%lmen?.( ygp ?é&fﬂ roducedml—IE%ﬁ§3 ]?E?}Nﬁ Ll%gp

enbodi nent, the TUSIon po BY conprises | ocal i zati on
domai n of a Gotrgfsfeptedswdemhhgdd y}p!eqsmrdeecmf’péﬂelrﬁa@)l Wissay Wlete@hkrgi | oc2l i 7ati on

dormain is the g&qpp e E or

0(1, 2)-N-acet hg@%é%t%sggﬁg c()edrgf??tesce ?%]ﬁl%lsl) Alternatively, the CGol gi
| oca |i 7at 50@@ donnrffﬁGr@ s Ermpmailar eerpioh dinding L biswrsic SoH€E28f t he

l'ocal i zation dMb&es%iycé%giﬁ&%d@?\%ﬁrésmntrﬁ%k%%ﬂl@%éﬂ?@f%@f&bn of 13(1,2) -

-40-- N-acetyl shr cosam Iél transterase 11, and the |ocalization domain of a
1-6 core fuens{¥ié raepdmes Manll-Grl fyinnpepitifee ¥hess B GELHL $42Dfife et hods of t he
present invent HM@MMﬁmsm&lgqmmwmdammdrvﬂgreaﬁe‘ruﬁm-y and’ or

i ncreased effect functio f er abl t he ncr fector function is
one ory nore of %T‘ﬁ@ cﬁa" ﬁﬁ?%@%ée%g% a%ogf’ﬁ’ﬁtaf cytotoxicity

(1 ncl udr ng i ncmeasaeedseam itHe caoliibod @ [pecraloke ceiieftdgdharwxdya ohduc ecily) , | ncreased

ti body-d t oki
Cecrotion, 1 noy EhbagRtlcHt) ERPERELARY R AR Dl CRERRIERAR) ! O 1

secretion, increase

ant i gen- pr esenelimgricdef] @‘ﬂqumé‘%ﬁ@e@dm%mrfﬁézﬂbﬁmeﬁlqucmr eased binding to
macrophages, | QghRAS&H RirRdbDRctbGETROE Vine Sinditd ke ARl N T O

poi ymor phonucl eaz _cell's, increased direct signaling inducing apoptosis,

i ncreased c- r oSeFaskindey Materiels prrbYisthads pratianef Fasewicds Hupmilesdled dencl litic cel |
mat uration, or eiﬁﬂééhﬁﬁ&@&ﬂa?&ﬂﬂrkceﬂbﬂdﬁ'tﬂéﬂmmﬂb@e&%h&@ﬁ&ﬂa&ﬁozrcﬂcept or bi ndi ng
affinity is referaber%{’r ncreased %}ﬂ%to Pc acti vatrﬁg receptors such as
FoTRI Ll a. [011A5AYBHSeHErt BRPGH FessPRE M oPADERESA is directed to a
pol ypepti de pr gdﬁomﬁhnbghaﬂ&mﬁtaﬁiefaﬁlﬁdm:&fst@hﬁddnnwﬁﬁ thechgHmmIRIIIaas an increased
proportion of b ect ed 0s eharr des |n the.Pc re sai d pol ypepti de.
In yet anot her “Enodt men &? 2m pep e pr ocfﬁ'ce y Fﬁe{:srret hods of the
i nvention has amgarmcﬂl“éébbdl mﬁmmntgﬁ}@ﬁqumﬁf-ms;dmdwrﬂf thgosaccharides in
the Pc region eﬁo&trfeé%émefmﬁ@adgbam%fﬂcwck@snam Fd&&%‘dﬁ%y' at ed
ol | gosaceharide,s ma or con% . In a particularly
preferred emboditett CEW“‘HEFW@&E 28 slempnstRicley BSE ¢ e RHBtogel | s and net hods
of the inventi @@aﬂ&mspdaﬁeme@ﬂ%@@p@(sumg 19§ bi sect ed, nonfueosyl at ed
ol i gosacch i P ion. bi sect ed, ,nonfucg ted
ol i gosacch@PJng n&}(t’gi &t"f’i’g’g‘ E?&W“’@Hﬁ’ﬁ‘i %fxcm@pléd‘imi"%%’& ly, the nethods
Iof thelg(ryesent mmv@ﬂfgiwmgmgerddeym&dmdnoonmﬁmdmhpmeupefpmudasl in \ang(r)} at

east 0} gioa/ph . r ViaRkic | €ast 4 nore
preferably a e“gé%g nor e g?sgeorpggll%?g%’ ?]éegé@];%%fﬁi nore preferably at
| east 40% m)r éorpﬁﬂelfstsacebf%meﬁbeM@d%@olaJB%hﬂmﬂelOpmefmthaﬂ | east 50% nore

preferably at lgeste nﬂ@él@acﬁﬁ’@%&@é@h Yttt onl i€ 3%k %ﬁﬁ@ﬂéﬁ B Sr PI eferably at
| east 65% nore preferably at | east 70% nore_ prefer abfy at, least 75% nore

preferably at Fe&@fesson Hepmbbady eradnciny spls{osptaastitesopcidin2dd pr ef erabl y at

| east 90:/0 rrglrempd M&Emmmoahllsﬂﬁ%m&ﬁfﬁd,fmmﬂamam@ﬂmlhmg ; ably at Ifeastb|96%
nore prefera e 7% e pretfer egst % .nmore preferably
at | east 99% é?"m'flf’fe @f‘fnag ééﬁ%ﬁ’@é“%ﬁ@%@gﬁgﬁlﬁéd%ﬁ"&?“ﬁ%e pol ypeptide are
nonf acosyl at eciwth &hieodyekpredisn edctot fEIRIFHSent i nventi on may al so be used to
produce pol ypeptides in which at |east 15% nore preferably at |east 20%
nore preferably at | east 25% nore preferably at |east 30% nore preferably
at least 35% nore preferably at |east 40% nore preferably at |east 45%
nore preferably at | east 50% nore preferably at |east 55% nore preferably
at |east 60% nore preferably at | east 65% nore preferably at |east 70%

nor e pref erably at |east 75% nor e pref erably at | east 80% nor e pref erably

o~ -~ r ] P~~~ r ] o~ -~
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roll 61 The present invention is further dinected to pharnaceutical
conpositions conprising the antibodies, antibody fragnents retaining the Pc
region, and fusion proteins having a region equivalent to the Pc region of an
i mrt nogl obalin of the present invention and a pharmaceutically acceptable
carrier. [0117] The present invention is further directed to the use of such
phaaaaceati cal conpositions in the nethod of treatnent of cancer.
Specifically, the present invention i directed to a method for the treatnent
of cancer conprising adm nistering a therapeutically effective anount of the
phar maceut i conposi ti of _the .inventian, 1181T resent invention is
al so di rect[(gﬁhto a gﬁz(‘g'gﬂ'l E@%??%Yeﬁtﬁrsm%kg)eggf%ﬂ%g@tEﬂd conprising a
nucl ei ¢ aci d nolEerRd4e (@ncodi ng a fusi on pol ypeptide, wherein the fusion

pol ypeptid s 13( - Nac | gl ucosar ni nyltransfera . (Cm DI) activity
and conpri ioeogﬁt he C%Ipél)} (fé%cgégza @ﬁSI%'ﬁﬁ?%%oﬁmﬁn@Flf‘i@ﬂ@iG nt polyp eptid e;

and an expressi{@pandé€atlgB).conpri sing a nucl eic acid nol ecul e encodi ng a

pol ypeptid erein~t-he pc t]'!gﬁ nNQSi_ n U activity. In
preferred i“r?%%*g. men g,ﬁ’t he n(%%gp%?cc aci (?ﬁﬁrr%'lgg(‘5“15IQ'%!l gﬁg(gé[?or%%&%n e fusion

pol ypept i de andutttedy prodiced in tha pieginerof edishwsidase Bandrglatidsoerpwtaggsept | de havi ng

mannosi dase |1 &gk kMichYes #ufd 2ockah8 tRIR foFioR BPEL Alifod§X Pr €ssi on vectors. In
anot her preferred enbodi ment - fusion polypépUde conprises the

the -43

catal ytic &l n of FERM (b1md B anClimereergdal Prpfiles of r 8 &HHdEment the Gol gi
I(icgl)i ﬁflti otn ?Q::imbaodaﬁapﬁmﬁrb@m?diﬂﬁ&b@h&egmézmsisﬁprwﬂ}\ddfn-MT - f

, 2)-N-ace cpsani n rapsferase |, , 2) - e ucgsamn n ransf erase
I, majnosi dgs%m%ljm vesz%%%@ﬁ’@%%% Hﬁ%ﬁ?@%’%&gg‘éﬁyﬂo&“&c’ rt he)r/ preferred
enbodi ment, t henfiogy. Wigbdacdhsrids tofile aficr FNGusaFt(AEand Eadofl (Boligestoni ng of a
manmal i an , a cel |, _..an i : I . | . Preferably,
t he host cg‘fﬂl’,&]i S ay@%%bel I ,Mggﬁﬁlg%ﬁ‘g%‘ P&Eéaprﬁ%%ggg Fla&%gﬁld%%[/ O cell, a Yé
ruyel oma cel |, (MaPBX8@s tedbesEovRiP towsptar widl jighepatPER thrn|the wild tRER. C6 cel |, or a
hybridonma cell . f341d) The invention further provides a host cell conprising
an expression vector conpri s‘%gig a nucl eic _acid nol ecul e encoding a fusion
pol ypept i dd®Rélvi ng KE34) - N-Arskedyrigendss’s sy PYaRdY apeied ey (OniT 11i)
activity and C%l’g%dugﬁ&m_tdhﬂn@ﬁ&gjﬁ-dmgm i zation donmi n of a ol i resident _
pol ypepti de, an expression vector conprising a nucleic acid nol ecul e encodi ng

a pol ypeptide, wherein the polypeptidc has mannosidase Il (Man I1) activity,
and an expression vector conprising a nucleic acid nol ecul e encodi ng a

pol ypepti de, wherein t %F%q?%
i(1,2)-Nacetyl gl ucosa?nﬁﬁ‘sﬁ“- raus eré@g%flwwmc’%ct ivity. In preferred
enbodi nents, the nucleic acid nolecul e encoding a fusion pol ypeptide, the

nucl ei ¢ aciggh74§ol ecut&me Re QEidNGreth RYNRERLLE HaNd RO uMBR ofnbr@skt i Vity and the

nucl eic acid nol ecul e encodi ng a pol ypeptide having CrnT 11 activity are on
the same or sepaP¥%fa 8i¥ressi on vectors. Also preferred is that the nucleic
aci d nol ecydgsiencodhnGedbetdis the terp QAs3HPHNE in@Ried & ifdlude MBolexMbasSi on vector, and,
the nucleic acid | ecul e encodi n ol ti.de .having Man Il activity and
t he nucl eic acinéol%@ﬁsegﬁf@n‘%lﬁ%glf Pglyg%ﬂ%‘gﬁt"i“?}’§°‘ﬁ%ﬂ%ﬁn§ﬂ&#ﬁ| | activity are
on the same expn@sdiesns well korotibAlysimgmreed brvingdhd B tebiat agchdusimac| ei ¢ aci d _
oy ecul e encodi i iRk ihadSodlh HOGIAKB LTSO8 Yo pBtmoghtlyhNe Nucl eic aci d

nol ecul e encodi'ng a I on pol ypep e an e nuclelc ‘mol ecul e encodi ng
a pol yp epti de ‘Heppergpreseirreiumgaipsdapd ghimgre agfpodite same eAl nk-ssion vector. In

an_OéI her | eth}tlmdb]rrent aAs hed %Mm!tﬂe thrin }fzr}e@m_s aﬁ&@aéag@}eﬁo? toVﬁG-ft&r_EnLinalan_ddt heI nuc: eic
aci d nol ecul e encodi_n usion p ptide and the nucleic acid nol ecul e
encodi ng a pol yrf)%cbjt"ifa‘glg at\??vﬁgcg‘i%n‘g'fli%gg‘tq‘ opgriangs o e FHEeeien fite y pr essi on
vector. 14 IgG heavy chain might vary slightly, the hwman IgG heavy chain Fc region is

usually defined to stretch from the amino acid residue at position Cys226 to the

carboxyl-terminus,



1012011 n an additional aspect, the invention is directed to a host cel

conpri sing an expression vector conprising a nucleic acid nolecule encoding a
fusi on pol ypeptide, wherein the fusion pol ypeptide has

p(1,4)-gal actosyltransferase (Gal activity and conprises the ol gi

| ocal i zati on domain of a CGolgi resident polypeptide; and an expression vector
conprising a nucleic acid nol ecul e encodi ng a pol ypephde, wherein the

pol ypepti de has mannosidase Il (Man 3% activity. In preferred enmbodi ments,
the nucleic acid nol ecul e encoding a fusion pol ypeptide and the nucleic acid
nmol ecul e encodlng a pol ypeptide having mannosi dase | T activity are on the sane
expr essi onW8t or COF uEpdrisie thedEPeesih sa4psletuiosthe BF dt&rafi 9% "t he fusion

pol ypepti de comﬁhr@g@hmﬂqs istatdad t)éﬁﬂcﬁddﬁﬂﬁdl]@ o€rried @lelib Varidhts AEH t i onal

enbodi nment , | ocal i zation inis the |laocalizati.Qqn domain of Man
11, f1(1,2)- Ni’e&%ﬂ%@ a%a%ta‘moaglr“@ﬂam Psy@rants haying pltepitions\phighy y |

gl ucosam nyl t r grsifer ﬁﬁﬁlt\.ilﬂms readinGs, dasaeubnsobuta&mﬁr dormet degasy| transferase. In
a preferred enmbqdi cel ect e h roup consisting of
a mammal i an ceIS\‘q’ {aﬁh a*g@g(gaﬁ “ﬁ%é’ﬁlﬁ“ é{eai) ‘E'{FC%S% . Preferably,

t he host cell |(slclaas@aﬁb0deﬂ¢pen®ntr3mﬂalﬁcﬂetbhmtya Rormp@eb:ie oramreSP2/ 0 cell, a YO

nyel onta cel |, or oFc cell, or a
hybri doma cel | ﬁ%%é@wgﬁﬁ%%ﬁgﬁaﬁﬂﬂm %t%%egétﬂﬁ\}:entg%gﬁp?s directed to a
host cel | com@@%@oaﬁb@m@%ﬁubﬁfﬁnﬁ?@@ﬁ ]Gﬁﬁlfusfm‘?g Spchnses ¢ acid nol ecul e

encoding a fUS'&Hb@@ie&&ﬁd&&drcﬂ@gto%%ﬁhl@sl&a@@nﬁuﬁh@%d@&a'h)ﬁ%ﬂhhmﬂe has 13(1,4)-
gal act osyl transferase %Or al T ises the &l gi |ocalization

domai m of a GolgFet PR&tiien {5 eﬁcﬂgy&@b’lerhg’ e’&f’ré'c’é’ffeéi 18&dY §%Vect or conprising a
nucl ei ¢ acidsnol ecuhe easeodiRy, aapqwcpepﬁdbﬁqandmhe'hmrg tpre4pm! ypepti de has

mai nosi dasel | 1) ac ssion vecto conprising a nucleic
acid nol ecul e %@o‘%ﬁcﬁ%}ammyg Jtﬂéjpt.l my\/\ﬁ&rgti‘)%mfoﬁgo tf/&pefi:-% e has

13(1, 2) - N-acet y!.blgtm@mﬁlmﬂm@rdmE#aeﬂtﬂgeOOIim@@(GIEHAc)lrmduymB@Meferabl y, each
nucleic acid i t.he s ex I op,vect or t £ enbodi nent, each
nucleic acid %Inl? filtcéﬁllm %d%edamgné%%?a flgthvec or Osyhfhcg%l nven céﬁ further provides
t hat t he nucl eicbzg@aesichhridsl M@mpdgp@ummmptqﬂw is on one
expressi on vectpr,, gpdyfihg.n 1.6, a6 egyl SxERCQHi fgsav ol ypepti de having
Man I T acti vi ty%ﬁrdqt he tngoctl g‘i&%&ac’{a ér?gTaﬁeTghl gyenggﬁl (r%g H{El i‘é)grfypeptl de -45-
having CnT H acedtxlgleapsamrieyitonsferive Ik alsrknenams B4 dirpnnasdabopnrotying i nvention al so
provi des that tb@t@ﬁ%&b@lu@oe%ﬂ &Mf&é‘s@' &@Wi@ﬂ Qccgﬁﬁg' tol $heON ONE€ expressi on

vector, and the nucleiC acid | ecul e encodi ng f usi on polaqffeptl de and the
nucl eic acid rrﬁ*i"éft%ﬂlf’é‘“%&?@ml?f@ of %WB?H%M&W@O@HFSW ivity are on the
salrre ef(pr essi gma@@ml?mgn@ammmla@me&klﬁ@m&rmbﬂ&s’mdl&gaiaj ds29, guclhei c a?:i d

mol ecul e encodi n inT LI S 0 ne e ssi,on vect.or, .and the nucleic
acid nol ecul e 3“@85\“%@“%9%%5‘?% F‘V‘Becﬁfe’ é‘gmg??ad‘fpﬁ‘éde?f’é’g?% P8%%aci d nol ecul e
encodi hg a pol queqamodmdcamahgthmlﬁﬁ(ﬂ M)-Heatdygltopsaaieyltansftrise [IBane expr essi on

vector. In a prs}gegrs[l@%ngﬁ‘? E&ﬁ't&g 5%?4(19!516 e?’}@%g\ticg%tfﬁ’s”p” ses the

catal ytic donain of erre i ment’, the Col gi
| ocal i zati on depmpaeditathe fid @%aaﬁwlzlamsmnﬂmmﬂmsed}l (Mrﬁhelcandlﬁag( 1,2)-N

acetyl gl UCOS&mpBMLJpﬁ@é’bﬁﬁ@fh@o‘%ﬁgréatexé%!yor&)tmbke%ﬁﬂﬁﬁbhﬁiﬂf&l@%ﬂy | transferase
mannosi dase | or _al ,6-N core fucom@transferase [0122] The 1 nvention further

provi des a hos®rEEN: BgrFRbretrorderERly esaetiiy, ol Fop PERENGEPei ¢ aci d encodi ng
a fusion pol ypepkd ditachamoung thiaefolll | lesaicictivityt yelaie ot theegt,axane nucl ei ¢ acid
encodi ng a poly tlde hayi activity in an anount sufficient to nodify
the ol i gosacchaage%gg% |aﬁmrfxuém‘i%c rg%ron of a pol ypeptide produced by the host
cel |, wher #i082jt he p@dwpﬁqﬂeuﬂ@ﬁmm@dmweUMBé(I,MamlﬁaWJkrmI ected fromthe
group consi sti gy & #HOSANHRIX AR BGH o Bika@bd BAdMe{J agment . and a

fusion protein't I ncl uges arelon equi va e Fe region of an
i munogl obi n. catalyze the addltlon of a ga.lactose residue from UDP galactose to the non-

reducing terminal GlcNAc found in N-linked oligosaccharides. This includes




[0123] The invention al so provides a host cell engineered to express at | east
one nucleic acid encoding a fusion polypeptide having OnT Il activity, at

| east one nucl eic acid encoding a pol ypeptide having Man LI and at |east one
nucl ei c acid encodi ng a pol ypeptide having GhT 11 activity in an anmount
sufficient to nodify the oligosaccharides in the Fc region of a pol ypep tide
produced by the host cell, wherein the pol ypeptide produced by the host cell
is selected fromthe group consistingt’of a whol e antibody nol ecul e, an

anti body fragnent, and a fusion protein that includes a region equivalent to
the Fe region aof an jmtnoglobin. [0124] The present invention additionally
provi des a hostUsBPPIYRRYSS Sy EHe coryeRtsas *gtyamlﬁré%ei?tﬁ IShReo§TERE el ¢ aci d encodi ng
a fusion polypeghiidethay hdugityGH i1, AGddaMbdy)raiiiéasataldo @askn @mgppuc! ei ¢ aci d _
encodi ng a pol &gti de baying Man Il -46- activity in an amount sufficient to
modi f yt he ohgodBEElHAr dbbHenitqsdtramsterasy (B & 188 ASPERE itei%r oduced by the
host cell, whenrimnddes RRYRERIH de BipUeRN U t@iheatkiseehld i s sel ected from
the group consisting of a whol e antibod | ecu] e, .an anti body fragnent, and a
fusi on protei n@‘hﬁl‘ﬂ‘i 8%0%&‘%]%@1'%Fe?éﬁg&aﬁwﬁi‘r(?@%alﬁaésaﬁegi on of an :
:m ni ma gl obi a wifibA&iHont dasesiepadeatye Iahdah wheistdose ifpenderigden bxistnvent i on al so :
provi des a host, cell i. neer 0 s.at |ea ane nucl ei ¢ acid encodi ng
a fusion pol ypeltp?? enoﬁggil%amegﬁﬁgcﬁ&ﬁ’tg ég‘ﬂ ae(’i{os}fmeagift asghgutnrﬁ%?ei c acid encodi ng:
a pol ypepti de Hebsiangplli/bimilhrto ta dosailedendrste inmgivenrcthaty @s enpipdreétecodi ng a ‘

pol ypepti de hawy 1 LVt i 40 nodify the ‘

of i gosacchari d\eﬁléen;ﬁ}f%s%%é%gl%ggi&ggﬁ % N gle%%fdgﬁb}gggiiy&%ﬂg% ggt%g%l{)y the host cell,

wher ei p the polSRpepT Y oprebaere Ban Byutizhéolfisasan spferaply, nggpee®d from the group

consi sting of abynRh@1da8E bdaQEly allith RCIH BrablARoARrt RRfibohd@eRRt , and a fusion

protein that |ch udes a r_egl n@ﬁgw valent to .the Fc r%gl on of an i munogl obi n.
th 0‘3?

Pref erably, SR Clumas] Elgewyeinqoermiydangfarse o ni bits i ncreased Fe
receptor binsiing afBydndutlyic &sd @ psigfidedtidehavinge niadtiddsepticomleadtn an additional |y
preferred enbodi nent «Rol.ypepti de produc by the.host cell exhibits

i ncreased ef f eg?rc??mfﬁtﬂené?'?olﬁmggﬁatgﬁl éegcﬁflfc’c B‘fcﬂf)ﬁéeé 8?‘%‘8’?‘:? F%%??%sﬁ?t Preferably, the
i ncreased ef f ediventiohihGtintened Hatdlrenuoleotive seuerdice pitss pawadedEdaidi at ed cel | ul ar
cytotoxicity, incr i ndi i inding to

macr ophages, | 6%?:%%@281@5%? éﬁgl?%ggw%%&% %a?%gﬁﬂngﬂgoa?l{dg%gﬁqg%}h#ﬁcr eased bi ndi ng
to nonocytes, imKeas &ufiviRowe muisiioga at sagh Hduelentidespd pheosierence ncr eased
dendritic cell ngBtoMbAtdg@bhce. ARAI R WG &a%gnhagh&cmeﬁammg J 0126] I n an

addi ti onal enbodinment, the invention is directed to a nethod for producing a

pol ypept i de i nPHeIspEds seqisnqe at leaghyp reiidentifgl te peferrnpoRycIsPtiAB e YP engi neered to
express at | easd 5% ofzhdruclk@ides intt AfpmcO@iRaeanal bsdeitfed podupgingdd de havi ng GnT El |
activity and at .l east an nucl ei ¢, aci.d encadi ng, a,pol ypqpti de having Man U
activity under v@%n%?t%?ronﬁglw%ﬁ?’coﬁ apnélFI1 rtflert Oft%lg]m%ﬁ%sd@cttofso/g ot%eg&ﬁlol ypepti de

sel ect Fd from whadeogdeup tbordirgts nguake anapttel igseget inbothy mitesul e, an ant i body
fragment. and Qedulst OfheRid! Shlind A bt fiE LiifiaSq fndk AKAM, hMIRA! ent Lo the : Fe
regi on of an irnnunogl ohul1n, erein the fu‘il on pol ypeptide is expressed in
an amount suffi2ZéPEAE 2% nodify the ol igosacchari des in the Pc region of the

pol ypept i deogyyoducesk Dyradtbe nhA&! wikdlel inydRichiaQhatit Agd ROy pept i de.

Preferably, -47-- the host L], is further ineered to erpress at |east one
nucl ei ¢ acid eREHRAPHY et ?ﬁtV%@B%?’&éﬁﬁ%’ﬁ@"’&gﬂ%gg°éé%%/?\9?”tu9§t°l n an additionally
preferred enbodnn@tide senende uspolypertidé yeneptd off the pasepte isvestidnlten t@at al yti ¢ donmai n of
Gri- In a further preferr i ment fisio I ide farther
conprises the ggtsré]?ne 6ca F’lznaa?%%gg%%ﬁm%g? ro@égﬁgﬁ%ﬁé gi resident

pol ypept i de. Prefdeteratinig the Heet oBmilighatdhdetrletnazuiny sequksomlp requence ¢fe | ocal i zat i on
domai n of ”Bnn%e'ﬁékéﬁ iJ_rJent[irHJ GELL Wi P&Q@e%&["aﬂﬂéfén%ﬁ%%g%ﬁ)bbb mannosi dase |,
(1, 2)-Nacetyl gtucosarninyltransferRse I'l or al-6 core fucosyltransferase.
Preferably, thé&qyscsy pigprrbeanbsicienppuldsiag the FPEEPR FORRYHE P08 ™as a result of the
above nodi fi cabheden tlddzodthh of BRiBad AMERbAN Apd, Biokl bhIelasdioo®Cled to a method for
produci ng a pol ypeptide in a host cell, conprising culturing a host cell

engi neered to express at |east one nucleic acid encoding a fusion polypeptide
having Cral T activity and at | east one a nucleic acid encoding a polypeptide
having Man |l activity under conditions which permt the production of a

pol ypepti de sel ected fromthe group consisting of a whole anti body nol ecul e,
an anti body fragnent, and a fusion protein that includes a region equivalen;
to the Fc region of an inmmuno globulin, wherein the fusion polypeptide is




-48- from about 10%to 95% of the oligosaccharides in the Fe region of the
pol ypopti de are bisected, nonfucosylated. Especially preferred is that about
20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95%
of the oLigos accharides in the Fe region of the glycoengi neered pol ypepti des
of the present invention are bisected, nonfucosylated. 101281l n an
additionally preferred enbodi nent, the present invention provides that the
ant i bodi es engi neered according to t 8" et hods of the present invention have
i ncreased effector function. [0129]1n an additional enbodi nent, the invention
further prowdes har maceut.i cal tions c rising the antibodies

engi neer ed accot aﬂ%ef@'ﬁ%%ﬁ?%ﬂ’gg@ ec‘tsﬁaéle’bﬁsgfé I?%&%P?n?)eﬁt Preferably, the
phar maceut i cal AcRNpesgjé¢ncons boforplred preesening (78w i'Ithareerhtnsﬁmdse a

Pha maceut! Cal | ML AR AR S bR BLee 0] IRRLLINARLLRN, I O proVi des
met hod for the TTeatnent cancefr ous rs co I’ISI ng aam nistering a

t her apeuti cal | yrASfTDEC tlignaetd mb UPYA oéquerves p»hmlqmwemclcmaider@mgm tions of the

present inventi 1 p [ invention is
further direct e%%x &t?%‘[ ?{)ﬂéﬁ%“ ﬂhsgl ﬁﬁcll &% ept i ]énal%ol ng i ncreased

Pc- nedi at ed cel Rapigmization @F@Rlléﬂﬁt@roq ﬁ'lt@ffﬁ%?—lc ﬁﬁéf@@l $i%f cul turing a host
cel | engi neer eobemty%srw&&@sm&mmeweea@m%u%ﬂam%da Gal T and at

| east one nucl ei ¢ aci d’ encodi ng Man ||l under conditions which permt the
production of a IBH‘FW)E @& selected fromthe group consi sting of a whole
anti body nbesul e, mEheaitjichagiyndeisatpmerthantiftajiery fghackadeduitaf er r egi on of an

i mmunogl obul i n, resl ﬂ‘ot{: régusee%tes I won I eé/el uaf ong. orustk%ot h of Gl Tor Man IT
is sufficient s osacceﬁla es In e Fe reglon of the

pol ypepti de pr ddtme&dulbymmbmeMMWOMd@Bmtmgmpbtyp@bt| de has

| ncreased Pe- Mo kalc@thnt 6f hikfeciQUIRAR X)) bonAindbek @Rbd9f pbne Modi fi cati on;
and isol ating the pol ypeptide havi ng incr eased Pc-nedi atéd cel | ul ar
cytotoxicity. |FivigHscaeraryirawraiet 3 the p'ef & prdedelivp idicqaant seauerrs B pr essi on | evel of
Gal T produces afrcdiilidcReg)s mle&my&aﬁmumgtmmeﬁafammmm& i ncludes the Fe

regi on of an inmunogl gbi n havi ng_i ncreas Pc-medi ated cellular cytotoxicity.
[0132] The i nvenste?‘{??F% tha e feprdyPy é’gtﬂifds‘i%&% SHRENEI VRIS & dAuci ng a

pol ypepti de havmn@ed/ﬂighmeder%tﬁEﬂnmm@m{hhqﬂe@rseqnyﬁcatmﬂmdy in a host cell,
conprising -49- cul turi eI I d ress at |east one
nucleic acid en]:(l:ug)l dels&aﬁged?m %Sdf east ﬁgsuﬁﬁcgﬁlgﬁégﬁp Ehcodi ng Man |1 under
condi ti ons whi cdrhg]yaqnm tThis heeraontagg Ue tthiep rpulbfactad ;ﬁmlnytbepmcde idegtitgct ed fromthe
group consi sti ”&c&ﬁte@b%@'aﬁ‘ov@@kkﬁ%’ m&&h%&a&é e sSRGRNDA-RALYs f agnment t hat

i ncluded the Fc region of an |nnunog obul 1 n; mhereln t he expression | evel of
one or both of @Wﬁﬂ%ﬁ@}dmﬁ%ﬂffﬁhtsucetrﬁoteﬁﬁowh@yswﬁefor&q gosaccharides in

the Fe region C);furﬁob’@optﬁéﬁ%ﬂtm»dﬁ:oﬂroﬂyﬁﬁgsdﬁkéld%hﬁ5%&3 beRé dru@nd wher ei nthe po

| ypepti de has | creased Pc- {}Ega gljﬁsgjg r tt.o%&]ltg as a result of the
modi fi cation; aRg SETSEPnE TR Yfa&*é h 1o} H& 88" Fe- medi at ed
cellular cyt ot anitéiecﬂf;dlgnwawﬁkathpqﬁneseqﬁdcaenﬂa@dmr&ﬂif,or thheuaipeyv ef host cel |l further

conpri ses at ing G1T wherein the G1T Il is
expressed in an % %u%ﬂh%k s uﬁ;’lg (lgfy t he ol i gosaecharides in the Fe
regi on of tlAB6pol ypB??tei‘fﬂ@l%FBQibﬁéwaW sm@cmg@@e@ow 15k beseietyei n t he

pol ypepti de hasselpRedeeRRRImBEEp IR iGLEY, @ﬂdewﬁ@go&wa@thgxieﬁaéﬂmeas a result of the
nodi fication. Preferably, the expression |evel of one or nomof Gl T, Man if

or GnT H is sHPFSSPeRtce8d A Re et tPR FEFEeH P8 ! the Pc region of
the pol ypepti dematth¢é/aighmee opltlﬁfmtallolmestahe' @ﬂomne tlDCtﬁpairfed bis&ect ed
ollgosaccharldes in the re 0 oI| tides in the Fe region
is at |least abo®X l%é% ﬁ%e S‘%g‘m%@ o(?? 5% % %r 95 per cent
Preferably, t henqwh@tp‘mtalmmbelwﬁbdaessrethtBldt)f@hﬂg%)&et@%&m@@sctqdrﬁonhe Fe region to

total oli gosaeggé:ﬁe Qﬁ%uh&y%éaﬁcﬁal é&%g{gmgﬁallo tm?éeﬁs‘f%%pper cent. In a

preferred enbo I secte i gosacct es a | ex ottybrid.
Preferably, theOHesss wers|perfactly mamlﬂndmm@ltlldemﬁyy@ﬂébe(‘%@ﬁlh an insect cell or
a plant cell. Even nore preferably, the host cell is a plant cell.




101331l n anot her aspect, the present invention is directed to a nmethod fcr

produci ng a polypeptide in a host cell, conprising: a. culturing a host
cell engineered to express at |east one nucleic acid encoding a pol ypepride
havi ng a- Mannosi dase Il activity under conditions which permt the production

of a pol ypeptide selected fromthe group consisting of a whole anti body

nol ecul e, an anti body fragnment, and a.fusion protein that includes a reg an
equi valent to the Fe region of an irrffunoglobv lit, wherein said polypeplide
havi ng ertyl annosi dase If activity is expressed in an amount -50- sufficient
to nodify the ol iﬂc:‘;osaccharl des in the Fe region of said pol ypeptide produced
by said host cempther gmpls, 2 0baiesptisstpcasnys isreryBetiihed OPpPBedead by sai d host

cel l. [01341Th%6{[31@1%§eﬂ:§sHﬁh@@%lbﬁliﬁshﬁm&hﬁﬂieﬂhdn@@dt&ﬂﬂfcﬁ aRQb yRept i des,
particularly anti hav| i ncreased effect gr functi.on and/ or increased

odi es
Fe receptor bi rf’éhtﬁ‘g5 & %ftpee%‘t’ﬂf“gsiﬂl“%%i” Lol 25 Potimatrhesy qlgrd FAB LS des as wel | as
their use in thRegpRUkis QscapRShitil Dty cilﬂaldtdfde:@FAdTBBﬁsdﬁfﬁmuﬂgrrtl cularly
tunmors. ldentifi cagl on and. Gen ration ff Nu e& Aci dgwl%ncodl ng A Protein for
VWi ch Modi fi catBH St %W T AP OISR T 58 '01351The present
i nvention pr OV|ml@@edi@ﬂghﬁddwathmrqum’mequmnmahmﬂlyanmem&roﬂho&br cell systenms for
t he production ments containing the
Fe region, and IJ?u5| (l%éré’%%g"g%%F‘ﬁg’gﬂmﬁﬁ’éﬁpgﬂk’&&°fﬁ‘%§gﬁg‘€éfgé‘ﬁ§9t o the F region,
havi ng i ncl®§ded FeBy epdyPeRfide bivirg angminb faif paayenchit &gty Gheymple. acti vati ng

receptors, and/gt; QiRNdcRg td NSt £iifs Eoftﬁélﬁﬁeéeﬂtrlﬁvenhdﬁcit'isdl ng anti body. .
dependent cel |l ul ar Cégot oXi, CI ty. ldentification of targ et | t opes and

generagion of e 3R spsyEms o1 tha suRipR P Replide ds for whi ch

nmodi fi‘cation Ofthédi&y@q)(éu@ﬁ@ﬂ:@fthﬂ&eﬁﬁﬁdc&fo@pt;&déﬁe@eﬁ@&xayaﬁﬂdd @ol ation of their
respective codi ng nucl ei 8151?]‘ ﬁgﬁg &Sh t he scope, of the invention.
[01361Vari ous pfocedures 6'§Aﬁn5pﬁr'ﬂta ra‘fm?rﬁfi} g‘éan%LP %Cﬁle producti on of
ant i bodi es to tsaqugee. lepthtnwpels, tobbtamtmﬂwsrttidelﬁhﬂuhmnﬁﬁobddlseqwnwncl ude but are

not limted to onal ful | y- human,
si ngl e chain, @%%%@ﬁ%ﬁ%‘%@ﬁ% ragﬁ%qug%hpr gﬁmsk} gﬁggﬁﬁgﬂg Fab, VH, 19gG
expressi on | i brresidpes Gifierukient pagumcemayppinigaed, dedfted, or st ﬁlmteda"gthdl agnostic or

t herapeuti c agembifer mﬁ%o£clﬂf~‘ﬁﬁ&@kﬁe&aﬁoxﬁgﬁtﬂéﬁfmeﬂ&@&q&élckﬁh%c@&ttﬁebom es, Le.
those which conpete for bindi substrate or adapter nol ecul e,

are of especi al3oF SFRPY & ‘?ﬂ““ﬁ'tﬂé’?lg‘étt* OfEbBI%BFT”PBFm’Pﬁé"‘ FOHTEEL ?'on of anti bodi es
vari ous host aninpwtese W@tviteh MFEEHethi Bysitions, 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). Inasequence 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, Joming Penalty=20, Randomization Group Length=0, Citoff Score=1,



injection wwth the target protein of interest including, but not limted to,
rabbits, mce, rats, etc. Polyclonal antibodies nmay be raised in animals by
mul ti pl e subcutaneous (sc) or intraneritoneal (ip) injections of the rel evant
antigen and an adjuvant. Various adjuvants may be used to increase the

i mmunol ogi cal -51- response, depending on the host species, including but
not limted to Freund's (conplete and inconplete), m neral gels such as

al um num hydr oxi de, surface active subst ances such as | ysol ecithin, plutonic
pol yol s, polyanicns peptides, saponin, oil emulsions, keyhole Iinpet
henocyani n, eno 1, a ti adj uvants such as
BCG (bacille CanfvI QSE@%%W%%@??{%%@%%ﬁ%%?%W Y mals are

i mm m zed agai n&te%@%raﬁﬂmgbnﬂhdsanﬁmmgmmmsemmqagﬁﬂ@svcrmshodafi vatives by
conbi ni ng, ., 10 h i [ rabbits or

m ce, respe@tslgk/el y) %%et%lbjgct\g) ?%nﬁéelggho r%utgne ery%%g?ﬁe%é{%vant and

i nj ecting the sotarmingrcletrns, acideaes bijintamalneiktionp k magiaiogecti@meustont h | ater, the
ani mal s are booo%trﬁﬂeWﬂtxJ}esutsS mlye&aqsetmﬂ sp@@g!m@amyﬁ&ac%mpept' de or

conjugate in Freund adj uvant by subcutaneous injection at nultiple sites.
Seven, to 14 dafygNr&tan-tfrﬁ@alaW%‘f efrthe gbiset sawdnqew@e%é%lmﬂup% assayed for

ant | body titer. gl geRbs iRhi@y. %Qsﬁbﬁds ﬁénbésuhﬁlﬁte&ktft&'bl—@hﬁtj&ﬁﬁ& Preferably, the
animal is boosted with the con ate of t he sane %qﬂy sﬂ ﬁgt conjugated to

di fferent prot eCRTERIPOIRIFY Ft PEFFenf Fmaiftis eopgd Bagent .
Conj ugat es can msber dieesivmeleofitie quagembmlﬁatﬁzem— aﬂﬂlk:t—tbtﬁﬁnaﬂ&ftpé otein fusions.

[ 0138] Mbnocl ona nt| baodi to the Larget i nterest..may .be prepared using
any teghni que v@n{”e °F ‘1'6]1\c/"?3 gls aemhpr%J ea?l onachesgnlfd‘mﬁo%b)} r?mI ecul es by

conti nuous cel Ire$141uweas apﬂce@mflthmtcealbﬁﬁbﬂe&g"éwlqmw@ncebﬁlfhe!acr@mrﬂueI imted to, the
hybri doma t echn ey iRk ARe oI ARM AN PKOME Lo@ih dihei . Nature 256;

495-97 (1975), the human B-cell hy doma t=hriq (Kosher et at , I mrunol ogy
Today 4: 72 (198'3“31169%3@1@3@15%wbﬂwf@éromr%ﬂnerceme%mmalwle}e@we 80: 2026- 30( 1983

) and the EBV- h%bﬁdﬂ@@ﬁ%?ﬂh%]ﬁg HCRbRIfRd patmetdNOaHiONA o MBI I bodi es and
Cancer Therapy 77-96 (Al an Liss, Inc. 985)).. In.addjtion, techniques

devel oped for tIEPIHHERXE55n Ta’fsﬁnﬁltﬂe’l’?ﬁtftfq’?“%f‘io (o)) 8 “S”(STGt)fPrrtP%on et al., Proc.
Nat|. Acad. Setpdjao&sAfthé%ﬁ:es@ﬁ&ﬂyeﬁﬁﬁ19&4)@1dﬁdetﬂleﬂg~edudm-tm&impftblature 312: 604- 08
(1984) ; Takeda e e 314 o). by _splicing the genes froma
nouse anti body SﬁldFCts MRt Lhéi‘ areé’o %dévélﬁ]%p Cl fgg%le?y ogether with
genes froma huwand@ndtfprhbdymrmﬁelfmaeuaﬂ? &émhng)plﬁlpap@t blegtitpgosal activity can
be used. These ﬁﬁmn&rmy&faﬁ%d@%eﬁﬁg ohtSd PR HHREs § dull BT iGNt | DOdI €5
conprised of an antibody riol ecul'e of other manmmals as well. Alternatively,

t echni ques descrﬁ“B@?jOffﬂéﬁsu@PFé“ﬁFe@‘éFuctl on of single chain antibodies (U.S.

Pat ent No. [dos8¥6, 7783regﬂﬂp1doegcaﬁ@mmmcﬁzsubjeasmaiwﬁ@h@em@i@achal n antibodi es
havi ng a desi reﬂ)'q F‘gem ficit i nvent i og % E'tfl, directed to humani zed
ant 1 bodi s ¢ hat [HEPE R ghre AP R O G RE et hods of ¢ he

pr esent i nvent |mﬂN-taEmeoﬁ;hmeE®Squmaemtthang‘orhmmsam EﬂlBﬁﬂldﬁOdl es are

di scl osed, for the entire

contents of whi'c ar %hownacmoartcymgmkégle%eorl}@frqgf %@%@%m@%ﬁw 5 [013&9] Ant i body
fragment s whi ch%dﬁmmedgpﬁ@hlpsfrpmesmtrh@i%n@thswg@scednmwftrmdg@m protein of

interest may bemgwein@fcecler%lsepmcﬁe@@dtﬂtmﬂ&reofsmdﬁ&rmemamﬁ, such fragnents
i nclude, but are not limted to, F(ab)2 fragments whi ch can be produced by

pepsi n di gesti osr'?q‘t?flceﬂ‘f?éolﬁ’ﬁsﬁ'l%ﬂ?dmﬂl@&wr@nﬁ AHperEessredBiBht s whi ch can be
gener at ed by renmmr&mdfwbﬁlmﬂﬁgdmrrbﬁmaswem‘peﬁaeyﬁﬁeﬂameﬁdaagnents

Alternatively, Fab e ar| es .may be co use et al.

Sci ence 246: 12755§Y ?%5 9‘)’0 dnbe (P s ARET SHRTPE, 9 faﬁéqi‘ IJCg'tI on of

nonocl onal Fab éeqt&gmmspmdmmtah@rd@dueqwsmmcf”[haﬂn;eﬂtedelbﬁws target protein
of interest. [OJAQL AL O%He?&%sfah AN ROGY LLAGORI. a5 been identified
for which rmdlflcatlonlnt'eﬁ cosyla fion pattern are de Ired, the coding
nucl eic acid seﬂq*u}@n@e\’hwéMeéémﬂtchﬂééigaﬂmthﬂnnmdnmpﬁgﬂleewmtques wel | known
in the art. a.Generation O Cell Lines For The Production O Proteins Wth
Altered A ycosylation Pattern [0141JThe present invention provides host cell
expression systens for the generation of proteins having nodified

gl ycosyl ation patterns. In particular, the present invention provides host
cell systens for the generation of glyco fornms of




proteins having an inproved therapeutic value. Therefore, in one aspect, the
i nvention provides host cell expression systens selected or enginecLk.cl to
express, e.g., a fusion polypeptide having
13(1,4)-Nacetyl gl ucosam nyl fran. sferase (GOBlI) activity and conprising the
Gol gi localization domai nof a heterol ogous Gol gi resident polyp eptide.
Specifically, such host cell expression systens nmay be engi neered to conprise
a reconbi nant nucl eic acid nol ecul e efleodi ng such fusion pol ypepti de,
operatively linked to a constitutive or regul ated pronoter system [0142]In

one specific enbodi ment, the present invention provides ahost cell that has
been engi neer eddmEtyeriswiaedbf ASTREsis nefrieanpally| cetrested ciCoeaaiBaiviy a fusi on - 53-

pol ypepti de ha\&emcg&(tén@ufsi&a%@%m HePSARRYBE & ADRESLASE M | (CTII)
activity and conprising the CGolgi |ocalization donain of a heterologous Crolgi

resi dent pol ypehlayed in fiy FoRdDE eheerent, whigh e gt IE%‘thFdf‘?]@mé‘ﬁ'ﬁﬂ‘ﬁ}éeer ed with a
nucleic acid u&@@éqae:@@ﬂemwamgcoaéctéd&aswomeng@mﬁ cEe Bk Rgta fusi on

pol ypeptide havin ucosam nyltran.sferase U (Gi iii)
activity and cd’r?ﬁ‘g‘fi%i%‘ °Y &g‘?e%'fcge&%fﬁe?‘%‘l“r on domai n of a heterol ogous Gol gi

resi dent podogpept i dasusedl&ieﬂﬁ}m&memathhwybamyeswqmtﬁfgentwmwned cell line can be
used as a bacqu oungleltco ? i nee %Hhe ost c I | nq %feotf%hﬁ] P esent invention.
In a preferred 2o %pflfg PONEO"Cer '8 sP2/0 cell's, YO

nyel oma cells, 19B3@3s msceremghillmuhat@elail 4° CHER sobhdnsqomﬁﬁ@g@%el s or hybrl doma
cells, other maf @an cgﬁ f £C1°%1£1§{ o&ﬁﬁ%&%tef%hﬁ/{ O(agmﬁl ant cells are

used as the bac%gro 0 gener ate the engl neere ost cells of the
invent}on (Sed?hmhﬂt?J(PHI@@5X%W%SSON§PM1@%@W@M%%E@¢@QW$OB (Qct ober 2003)

and references ghdngsh {2 Er&?daﬂ&on(sﬁé}ﬁmt FollBw &I R 1 rsRincdlar e her eby
i ncor por at ed by refer enc:\g 4] The invention is contenplated to enconpass
any englneered expreSS|ng a fusion pol ypeptide having

13(1, 4) - N- aeuetyy | glM&%@Haraﬂltﬁert@f&sé&gza&sm%on(a@aﬁIréférs RGhd Mlitey and conpri sing
the Gol gi localization donain a heterol ogous resi dent pol ypepti de as

defined herein. ac’[de%&ac@fé%w@%wpamme?w %fpagﬂbg%femf%nga f usi on

pol ypepti de hawt nglopa(uﬂmé&)mhml\&amtgylcthlwsmmw Toedlisdtiof @e@aibd | ( GNTI 11)
activity and conprisin the %JGQE‘% ocal i zation domain of a heterol ogous Col gi
resi dent pol ypepttde "y B fer the control of a constitutive
promot er 04093l t er n&t eseq heminy by udrat fecrexprass rdms Byheserbiol@icet abl e regul at ed
expr essi on SySta‘éﬁ(ﬁuéQxﬁJfbH@ﬁem%th?J (Lb%% tivels éu%QFénglmPor nL Aqycline-regul ated
expression system an ecdysone-inducl ression system a lac-swtch
expressi on systsegHencs vgtiant ) %)aeéwﬂ ?f(ﬁndn?b?éucﬁmleéﬁﬁﬂféé’gﬁ@o?ﬁe@yfstem a

t enper at ur e- i NCkckibrs oS BitafmoBMSi -8 1, FeRekpRr FRAAY ARt MAKiap. met al - i nduci bl e
expression system |f several dlfterﬂgég ucl ei ¢, aci d enc \clelﬁrng fusi on
I

pol ypept i des” h#PPHg™b( IR NYLURARY| WP?dryaf‘ﬁW (&Gl TOD activity
and conpri sing ﬁhh@cﬁﬁbﬁsqmm};aﬁbﬁﬁtsb@modpﬂiﬁmﬁb @inp&xmmere@k:mgﬁus Gol gi resident

pol ypebtl de are r| sed w thi he host one _of them may be
expressed w der™® fa%e YT BI™G gce]%:sbcﬁ’s |I?%Jta| o\?é’fce?é#b e%cpsto Fe others are

expressed uddr theAeosdr hﬂrem;fﬂla terg) whakaed erlglﬁekfed 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
machruery of a cell, including genetic manipulations of the oligosaccharide
synthesis pathways to achieve altered glycosylation of glycoproteins expressed in
cells. Furthemmore, glycosylation engineering includes the effects of mutations

and cell enviromment on glycosylation.



pronoter. The maxi mal expression level is considered to be the highest
possi bl e I evel of stable fusion pol ypeptide expression that does not have a
significant adverse effect on cell growh rate, and will be determ ned using
routi ne experinmentation. Expression |levels are determ ned by nethods generally
known in the art, including Western blot analysis using an anti body specific
for the pol ypeptide having Crania activity or an anti body specific for a
peptide tag fused to the pol ypepti de-3Raving Grand activity, Northern bl ot

anal ysis using a nucleic acid probe specific for the gene encoding the

pol ypeptide having GiTLI| activity or a nucleic acid probe specific for a

nucl ei ¢ aci®¥ncodi fifyussd pastithrctermhppst eréle“ﬂvqr%mwk@dp?ém)@bpﬁxsa@ having G' iTlII
activity, or measdh e bngidderd@id donbra® Gotiied MycofirhebMadtliNShbieind | €ad’ may be
enpl oyed whi ch binds to Dbj os¥_nt etic products of the GrTlIIl, for exanple,

E4- PHA | ecti n. TR PPRASPS T Interest ielp fbogics, 49D farmeS &gy es t he i ncreased
Fe (rjece(pj)t gr bLEﬁHidhjgj;Tr&éhﬂ. NTypRESE the Gboét @EMsOlavE H&&lﬁtn:iaﬁilﬂulﬂ@gloaéxﬁﬂfjsby anti b;)di es »
produced by the ce e Wi th.t nycl ei ¢, aci d encodi ng a pol ypepti de
with GaTll] act?@??@ﬂ?ﬁgkﬁ%ﬁgg@wflﬁ%’?ﬁﬁﬁﬂﬁsc‘%ﬁ%’r'm%“ the nucleic acid
may be oper ati velityed ¢elik edcht ® GO eglby BEK @BanaNSOtdaks, R0 esls) ¥O | evel s of the
fusion pol ypept| hn 4) - | gt u N erase(Cnilil 1)
activity and céﬁ g’lmgfc%ﬂs ?ﬁu%ﬁc%f“lg}% I§oclt£ icg%’t ?g%%gﬁosh%#a%bgﬁ% et er ol ogous Col gi
resi dent pol yp hepridomg ceals, ypast colés iasent callseland plapteelis i nuee arlyifgrh it correl ated with
the expressi on ghsg¥&ls cdHpribdd Sithif R Rhids Sohic ARS8 ahl}nit ARPSEurdGRAR MY transcri bed
together with the nucleic acid(s) encoding the fusion pol ypeptide as a single
rnRNA pol ecul e;°" FHBIS$8spect i ve codi ng sequences may be 1inked either by an
i nther nal E‘[dooq;)rre ent yed Sk, (hRIuBﬁ)F@ﬁaﬂmyedaceuaal— i;wﬂﬁrteﬂﬁiemﬁest r anslhati Oln
enhancer (CITE). .The .reporter ge e translated tagef.her with at |east
one nucl ei ¢ aciaﬂubtgﬁ -8 Fﬁl&tfﬁga&d’&?o%%ﬁ%a&%\ﬁgﬁaf‘E’Pic’%ci}t?'f?ﬁggec{bya

p(1, 4) - N- acet ylsgluble ds-dimion \firdteim petasss a |lumarf Enicglohl } imed iimmtne and conpri si ng
the Gol gi |ocal] ' YoJar=1 ‘ § gl i dent pol ypepti de
such that a si rég%g&ipsglﬁila%g%fa:ﬂgéﬁ%ﬁgaﬁﬁogy&Jcr)%agrrg?ls eg%%%g#%gaci ds encoding the
fusi on pol ypept® cgis”,tHhereigy esent i nvention nay be operatively linked to the
reporter ggmgnunder T E.mea thi@le cBotd cQlsPEL € pRuRERH Floukstyedimithat the nucleic
acid encoding the fusion polypeptide and the reporter_gene are transcriibed

h .

into an RNA mol%Eeigy Ec iepieR of Geingupfase foeueh whigh &p1 tinddethe ftsepmef - 55- separate
Uessenﬁer RNA  (aftidsiey oﬂ@]ﬁiﬁﬂcﬁ%ﬂ;}tﬁﬂﬁuﬂfpeﬁfb}ﬁl EfRstol ﬁhft@g&fﬂﬂ&ﬁ& ihs ]'Era_nsl at ed
into the reporter .protei.n,. and.the . other is translated into the fusion
bol ypept i do | 0 PTEHPREE0RE ¥t PERRAAH it Purt e BESBleRarig ' 1 uei on
pol ypepti de hauPBgCLa@/y djurdilkidiedNi) gllsicosam nyl transferase ifi (Cmtill) _
activity aﬂ{ﬁgﬁorrpr i ﬂe”ﬂutfb&@-@ét&i ﬁ@%ﬂel éeg@gdug({;?p@mﬁgoﬂ ofrheterol ogous Golid

0 cﬁ t hey nmay d

resi dent polypeptide are expresse ] € arranged 1 n such way that they
are transcri bedv#s radsorhe 43ibe g ¢ furagproteir Bidilodzeet Fllstidyy are transcri bed

as a singl e naRMARpieCifna tohed ¥e régspect i ve codi ng sequences may be |inked
ei ther by [nteinal rjboso entry site (JRES) or by a cap-independent
transl ati oﬁ%gﬂhance‘& ‘(561 Begsyn, gl‘i"é‘? ”H%‘V“ﬁé’“c”i’%’ﬁ@%‘i"ﬁ‘r@ﬂg%/‘?f‘&ffﬁz%asi ngl e pronoter

i nt o an RNA noldefingH es aithér@inintrgasalnttiermabirwétagtilngd)-tacedd cellsbtha exer al  separ at e
messenger RNA (; ; | es, _whi | each t S ed into their
respective encé ed _:h i%ﬁﬁ%b ydpg%é[_ﬁl%g%cgpaﬁgigf%ggqﬁaoro{fﬁg?&%’%bodi ments, the
present i nvent ipotieippotke dediuh ggtoundy thetarpeesss, bn thsyeerlemsmiodFet he generati on of

therapeutic antiadhesnulaytdiidit) detAdethole mEeER! RincRodH BY affinity,
particularly bindin to Pc activating receptors, and increased effector

. . 4y
function, i ncl GERAYTERA FEESY E piivcfeinn Protain s sEoRpdingty, . General Iy, the
host cel |l expr eggdtedlls, $46kedBhchianseneDRBRT S GH BEET-e6t “ambddrargmddect ed t o express

nucl ei ¢ adds encogi.ng .t he. anti body, f or ich.th roduction of altered

gl ycoforns is &ég"l ’r"é%?" ﬁ’%&ﬂiﬁ%@@%ﬁ@% 'nl?ﬂléteﬁﬁegllﬂé'icé’mé"é‘}cay'encodi ng a fusion
pol ypept i de havihadncdfhse, id )Feedised yélylatl cpstanitityyis trelaivs fie tieseldldrl  (Gni | 11)
activity and conprising the Golgi |ocalization domain of a heterol ogous Gol gi
resi dent pol ypcptide. In one enbodi ment, the host cell systemis transfected
with at | east one nucleic add encodi ng such fusion pol ypepticle, Typically,
the transfected cells are selected to identify and isolate clones that stably
express the fusion pol ypeptide of the invention. [0148] Any type of cul tured
cell Iime can be used as background to engi neer the host cell lines of the
present invention. In a preferred enbodinent, CEO cells, Elia cells, NSO

PN ——r N 7P~ P~ p— ——



(0149) I n one enbodi nent the nucleic acids encoding the antibody, antibody
fragnment or Pc-fusion polypeptide are cloned into anti body-expression vectors
and then are transfected into the host cells and cell clones with high and
stabl e specific antibody productivity are selected and satiated for. Such
selected clones are then transfected with gl ycoprotein-nodifying

gl yeosl ytraasf erase expressi on vectors containing nucl eic acids encoding, fur
exanpl e, (a) afusion pol ypeptide wi t h3bet a

1, 4-N-aeetyl gl uycosam nyl transferase Il (Gffin) activity, or (b)a fusion

pol ypeptide with beta 1,4-galactosyltransferase (Gall) actiyvity, or (c)a

pol ypept i de V\/itﬁyt%’l“&fy%qdﬁ%gb ﬁﬁﬁé“ﬂ%@gy’quc‘mm&&‘?dwep&? or (d) a fusion
pol ypepti de W t theGahé typasttHotickls, e the dathe tslaedardyoddyi@iip] pudi@cadbd, h Manl |

activity, or (el a fusio ol yp i de .with ||, act.jvi.ty and a further

pol ypepti de wi th"%ﬁ?%%‘&%ﬁ%ﬁgg‘%‘%ﬁ@?@?’%@gmﬁ?ﬂééh‘ﬁféﬂéggpg‘ﬁt ed and screened
for stabl e expréssiien nof bedne patitckd dgyh@hcelthi agirgent o adxplewvites | eading to

hi gh anti body sgﬁc(;s?lhgmgfag&gﬁqlgi&lg moﬁr&gsc%eﬁlﬁer%abl e expi e,ssion of the

gl ycoprot ei n-no |?y'ng gl ycosy ¥ anst erase genes at expression |l evels |eading
to nodificalli®h of tHwsnPbody bgingrincpiayedasyjlody fapendgrarelieion cvtdtorditdi ng an i ncr ease
in the fraction @C@qug&pg%h%@g ﬁ%ﬁﬁﬁﬁ@ﬁ&hﬁé@%@%ﬁ@j kf{géﬁybe ei t her

bi sected or non-bisected and whic urther _may be of conpl'ex” or hybrid type,
whi ch i s associ &tieble Fiptbed kmpwi tadosepd erdingry fdll indieatht e 2 Mroparticul arly an
increase in Fc- BoyRlakshy Riapghlings: af finity, and an increase in Pc receptor

medi ated effector fupctigns, including but not limted to Fe-dependent

cel lul ar cytotoxi ci ;19 S'g‘F BEY 67 HRd cglgrtg"’élaﬁe%@mﬁ’etf’ﬁmgss Hed¥iscri bed bel ow.
(015011 n anot henntgabecigneatbytiventipentbindiof repheofitvantifodnsf ect i ons descri bed
above, namely the anibogly LAPrESShAloEEHRID 8 RAGRLIAN A0 the

gl ycoproteiri- -57-"nmodifying glycosy erase expression vectors
transfection, i ENGRrispaed flomelood hiasendomly dhosgr kealtiyrdoport asgfiesfoect ed with t he

gl ycopr ot ei n- nogdijfkyi ng gl ycosyl transferase expression vectors and then with
the anti body expression vectors. |In such approach the clones fromthe first
transfection may be dcr eBpsgPYALATSH ey dsrortingtolloripamptaddi on | evel s of the

gl ycosyl transferase geneg bytanyseicst e Bl dsigle sehdabe diefsityt her bel ow, or
alternatively b ransiently transfecti repligates. of ch_clones with

ant i body expr esgﬁn&ﬂf“g?g?ﬁwcﬁxﬁ?ﬁﬂ??féﬁ”%’ggwtﬁ& ltoh%ehilﬁlll@ Migfret hods descri bed
further bel ow i mloredeshivg | dentify clones with stable expression | evel of the
gl ycosyl ti ansferase geneg, at S !gg qu i pon of the Fe
regi on glyoosyl ati on patter ntﬂﬁﬁﬁto@%a‘% cr egbs}ﬁea?uﬁ C %choep %)r, i ncl udi ng
FcyRI EE r ecept orsthods; pravepied fdmf fhaexnprentiel smavth phasecntien Yighilitehighes ept or - nedi at ed
ef fector functi ensoosh,MainddinREMPEERRNARIND GEdubdNRI 106 Rs-Cxiesi ty, [0151]1In a

further enbodi ne t he anti body-encodi ng genes and the glycosyltransferase
genes gre tranng%cqreHasﬁmﬁW%H”gmﬁ%q@’Wéﬁ%*‘é’@?‘f‘ﬁﬁelg’f‘éﬁ? either in a
si ngl e "expr essi aadidat Dfendty of 10° sllpak;at e vectors. [0152] Typically, at |east

one nucleic acid in the host . cell stem odes,. a _fusio ol ypepti de havi ng
3( I ,4)-Nacetyl gl ucosari ra>1/ t“r“%'ﬁ@‘ %fr%téeéig‘!’]%ﬁ&f%wc)nagoggﬁi ty or,
alternatively, [F3ferredifpcarhivaldpiciphatlangb@eadie; activity, and conprising the
Gol gi localization domaigy of 43 HELES QLK e 4665 ARNL 08P yPeEpPti de or,
alternatively, it encodes a polypeptide wth CGol gi a-niannosi dase Li

activity. [0153¥mOie ey culieg apegiumnind| 38 wicmbitey <of dhtcisehltng @t%¥od¥i on pol ypepti de
of the inventi l()EblﬁfﬁMs biﬁaﬁ%(ﬁﬁ&@?ﬁﬂé}gﬂ{tb& w0t ﬂéte,@esﬁsﬁgflﬁt Iblt utive | |
pI’OITDteI’, or alternately, a.r ul at ed ex resmnsstem. ulta e regu ate

expr essi on syst SRECHHEI Ry &P ?"W&f“ol ?W?‘%Hh"tl PRCSREYY TS | i ne- r egul at ed

expressi on syst sdove;an ecdysone-i nduci bl e expressi on system a |acsswitch

expression system a gl ugocortjcoi d-induci e essl.on em a

t enper at ur e-i nduci bl e p?ﬁnnt%¥h§§%¥%$?%$%#@§§ﬁ§%ﬁﬁ%%%@8%%%%£netaI-inducible
expr essi on syst arthe plite sejaanrz] thelialfeflet tangtt cllicteedive S ciidglitenciodi®hg a f usi on

pol ypeptidc having 3(l,4)-Nacetyl glucosam nyltransferase Il (GiTlll)
activity and conprising the Golgi |ocalization domain of a heterol ogous ol gi
resi dent pol ypeptide are conprised within the host cell system sonme of then]
may be expressed under the control of a -58- constitutive pronoter, while

ot hers arc expressed under the control of a regulated pronoter. The maxi mal
expression level is considered to be the highest possible | evel of stable
fusion pol ypeptide expression that does not have a significant adverse effect




-59- (raRNA) nol ecul es; one of the resulting nRNAs is translated into said
reporter protein, and the other is translated into said fusion polypeptide.
[0154] If several different nucleic acids encoding a fusion pol ypeptide having
11(1, 4)- N-acetyl gl ucosarni nyl transferase (Gunn) activity and conprising the
CGol gi localization domain of a heterol ogous Gol gi resident polypeptide are
expressed, they nay be arranged in such way that they are transcribed as one
or as several iiiRNA nolecules. If th“é‘{7 are transcri bed as single nmRNA

nol ecul e, their respective coding sequences may be linked either by an
internal riboso entry site (TRES dent.  transl ation
enhancer (Cl TE): %ﬁ)?‘ﬂgté‘mﬁf&ﬁg cﬁﬁ"gd %gg%%ﬁrlé’ﬁ’ﬁ)fer into an RNA
nmol ecul e whi ch h&eaﬂlotﬁé&ﬂibbdyabmuﬁnwlﬂedabbmo sever al separ ate messenger RNA
(mRNA) nol ecul es, which then ar.e each Lr ansl| |ntlo a;espective encoded
fusi on pol ypeptides. ExpressifcSyaamys: %Efgg(% t"ﬁ%fas re well Incwn to
t hose skilled iwe]lstilethaplate@ammmns@delledﬂmh@ﬂs m@blvei(bmesmteumf vectors

cont ai ni ng the gpchng nd the codi ng
sequence of a fusi on po ept| a\h}ﬁﬁpgﬂ gdygi?éﬁﬂa@&ﬁyf&k’ 2osam nyl t ransf erase
H (On fill) activity arﬂzll cothp?fi‘yﬁlhgwtohféf 1gﬂleﬂce@eﬁugeﬂat5peﬁfodorral n of a

het er ol ogous Col gGinufG8d HahktPLRE Y REPLIsE al ong W th appropriate
tiaascriptional/translati onaI cont roI SI gna These nethods include in vitro

reconbi nant DNA techni qud®, < Fieeasian{gointabgye) e

r econbi nat i oni ggidedte eicﬁﬁdemly[b@&dn@ﬂ‘actof’%get de0ratie sl &4 tHepRtet #EhNi ques descri bed
in Maniatis at al Mol. e ar ni.ng A Labor nual , Cold Spring Harbor
Labor atjory, Ygl ﬂ%fﬂcgﬁ%’rﬂgﬁ%@kaﬁmﬁﬁpg@éﬁeﬁ 5t ocol s in Mol ecul ar

Bi ol ogy, Greene Publ i shiirg A&se&lﬁfaﬂee@mt%heychlwﬂlewmeenkmd N. Y (1989).

[ 0156] A vari et éhﬂ@ i jlized to express
t he codi ng sequ%lﬁg%epg% t )&g‘%%?dzt"%@oﬁ%ﬁ]@h an '?%}é c% g sequence of the

f usi on pol ypept tetenof t he present invention. Preferably, mammmalian cells are

used as host cell systeng tiaps g,e&]t«a%g W&g&g@w@mﬁpﬁo@md DNA or cosm d
DNA expression vectors contai n| n e cadi ? ence of the protein of

interest and t hatBQsY; sRrcaEgeR: £ 19 fhe fp VB de 1% bst preferably,

CHO cell's, - 60whdeREICisaBd t@mgé\ﬁ@o&ehty&;umﬁta?&@eccﬁﬂtsx ab\fQ) mtaha®a cel | s, P3X63
nmouse nyel oma cel L PER c cells, ot her

Sy frompren, S i BCroge TEoee B gp RGP ¢ Leug he host

mammal i an cel | s t’y
cell system SosbBVQﬁammb@dR@bnmlmsetssmmtnv stk ned 3BAissbt ectagon net hods are

Bi ot echnot Bi oei "1 ) tBaar S 4% BRRE Sob - & S EREs RLg. Porth e A

Arzneftnittel fo?t@tqﬁ’ung/Drug Res. 48(8): 870 80 (199), in Andersen and

Kturnrcen, Qur Op. Bj Ot eqlzRbe Ali&:dallz defircd( 08k at rihcgaﬁdﬂ @ad Chamecv, Cur-,
p. Rioter...knot 12:188-194 (20 d |n Gl d| nl%g Cﬁ Bi ot echnot 12:
450- 454 (2001) . PR PEGHEEP! ¥ PICEFHOR st cel | syst ens

may be COI’lterrplﬂﬁW&ﬂﬂiﬂvﬂdﬁdﬂ@mr@ﬂﬁﬁﬁhuﬂﬁﬂdoﬁccﬁtﬁﬂﬂﬁéfﬁﬁﬁtﬁdyMﬁﬁﬁdI’eCOI’TbI nant yeast
expr essi on vectgrs.conta el? ﬁ% t he codi n ?&%: ofobt he =Py I els ein of interest
and the coding sequence o o VN d’n po &B %Ehve i nventl on; insect
cell systens |nﬁemhe@mmmﬁn@n@mgmmtabwrﬂgmwﬁﬁw@wel s (e.g.,

bacul ovi rus) COBtﬂ?e!AﬂbélQﬂe%cﬁ%‘ﬂﬂaﬁ%%é}ﬁﬁe&ite&ﬁ}%@!aﬁ%%ﬁdﬂo@f inten est and

the coding sequence of ‘the fusion polypeptide the i nvention; plant cell
syst ems i nf ect edfediicedPyrthe BmBiwant best %“%ﬁh%%"r"o‘fﬁmé"é‘ét’%ﬁi@m{“e g., cauliflower
nmosai ¢ virus, cét@@@&ﬁl@laﬁﬂh&ﬁdﬁorygeﬁﬂéth%s me%owanﬁsmm W th reconbi nant

plasmlid expression ve %D .contai ni ng the codi ng sequence
of the protein ’6‘?” |aﬁtb3?t§°§gasé‘ﬂtd’e?lﬁ’éédgﬁaf’ﬁ S’sué HEE61° ct"ﬁ%’%’ﬁ& on pol ypept i de
of the inventi otheglwossatfanafaﬂase@iTHILsyst ens infected with reconbi nant virus

expressi on ors (se. | LUS. cinia viru n ng cell Lines
engi neer ed [P@i]tcont algd‘rslrru Hlg\c{)pl es gﬁ? & ”é‘ﬁ%@ {r?g Etmﬁg“ protein of

i nterest and t hatibwli n@%@qmﬁt@l@ @dcogriives fausélbnur@eta ype-[gtymmlafefl the invention
either stably anplified (CHOdlifir) or unstably anplified in double-m nute
chronosones (e.g., munne cell lines). (0157)For the nmethods of this invention,
stabl e expression is generally preferred to transient expression because it
typically achieves nore reproduci bleresults and also is nore anenable to | arge
scal e production, i.e., production of the glycoengi neered anti bodi es of the
present invention in production scale cell lines. Rather than using expression
vectors which contain viral origins of replication, host cells can be



-61- transcription termnators, polyadenylation sites, etc.), and a selectable
mar ker. Followi ng the introduction of foreign DNA, engineered cells may be
allowed to grow for 1-2 days in an enriched nedia, and then are switched to a
sel ective nedia. The sel ectable marker in the reconbinant plasraid confers
resistance to the selection and allows selection of cells which have stably
integrated the plasmd into their chromsones and grow to formfoci which in
turn can be cloned and expanded into ¢el'l lines. 0158] A nunber of selection
systens maybe used, including, but not limted to, the herpes sinplex virus

t hyrni di ne | cinage_(Wgl.er , |1 ,11:22 1977 oxagpt t nne- guani ne
phosphori bosyl trp}ﬁ?ﬁl%prng%’% O((é%@h%lrjs%ns&t’@%}éa%sg%‘,e%%% .cr%%ﬂll ad,g\cad. Set USA
48: 2026 (1962)) ,lvapiccae estrirted piffersihoe ntigan Bp3dnefoenalyeefthadwy aer a?, , Cel |
22:817 (1980)) gekgs, Wwhich can be enployed In ti, ttgprt. or aprf cells,
respectively. AlSo, antinmetabolite resistance can be used as the basis of

sel ection f&M0dher, Whercdend mdntienss baeslios thadisrevandhatenshotring stibasly{ W gl er et al .,
Natl . Acad. Sot 44 306 X ; . . {;. Acad 3ci. USA
78:1527(1981)); ﬁdﬁﬁfgéﬁjﬁéh%c%%%é l}ogcilgﬁgl?ﬂfgn?%mr?yg{)g c%@!ﬂﬂg acid (Milligan &
Berg, Proc. Nat |acetighepsangaylicangferase7 Bt (Pl apggty) or; alipergtivaihaiffitconf er s
resistance to thal.ediyRRsRHe e aditd, efddoRelidi® kG AR 18caliatial . . Mol . Shot
150: 1 (1981)); ;@d hygr o, Wh?ch Cg;?]f ifys. resi gt é%c,e t_oEihygro cin (Santene et
al ., Gene 30: 147°°PP884$ Cgleheadenipeb@emidy resuly i anfibpdies M geEestdht e genes have
been dcribed., mnasgpby bintiaf, affndity Cdrd aibdrenssi efdclos fivpticd | |Alemativegpl € i n pl ace of

tryptophatr, hisD,. ich allo | 1.s to utilize histinol. . | ace of
i 21 o e ( Har t R R P eRer e e riny Rt o bR indied ) 7 To88) ) the
gl ut am he synt hasebsytediwiby enthe@DE tHeantitiothpmdice cels tobayt msredsedvhi ch confers

resistance to t it hi carb, i nhi_bj - -

-(di fluoronet hy:‘lﬁy‘%{fggt%ia?ﬁcgﬁe@dpﬁ%ﬂea@% I gg%&éﬁ’re?urﬁlg h&url%'_gnt Commruni cati ons
in Ml ecul ar Bi derggsidagollcaByEs wefividr bt Preipet sobrdjmat, te1ogm ). - 62-

I dentification Qonshhan Qﬁ@mo@ﬂig@ﬂﬁ% SessbB aliin BXOGEEsSs The Protein
Having A Modified dycosylation Pattern [0159] The host cells which contain the
codi ng sequence BNerlhredngdndos GERE bi ol ogi cal |y active gene products may be
identified lpproat | eastcofdigly, @eBettodiaiaf BOGBRR invedjon ENAedtNAo & DNA- RNA

hybridi zati on; (b ttEdhe fr es.gnce or_absence of 'marker"” Ccrlene.({ unctions; (0)
assessing the | Vel ot or RS CPTFITET HLRELEEE BT PRBIEBIEssi on of the
respecti ve r oRNAwhereambefubipd solypaptidh éasiiols4)- 16 aetylgliassadmingltthnstbetselBl | on of t he gene
product as neas i.t.S.hi i Byvity. [0160]1n the
first approach, Ltpﬁg'@_g@%&;&g@ﬁg%g%gg |1ﬁ%&%3§4u§%%gb%1ﬂog%%¢%{ ein of interest
and the codi ng selpenée ot rrefaed eptiodmepiothy feipr pdeeptidecpraprisepient i on i nserted in
the expression Vel iR FBOSNLE LR MIRYsaMNmRNARE TN &ENGolgy br i di zati on

usi ng probes conpri si.ng nucl eoti de sequences_ that are honol ggous to the
respectve codi ngeigeretrman is he lsuizpiop dprpan ghmagaesidessds B2 FgFT vati ves t her eof
[0161] I n the secaibdditpR)BaGdg 1dchlzati@GRRkin Ak lo RN b&nAM of Galltor / host system

can be identified an el ect ed sed .upon the presence or, absence of certain

' mar ker " gemem?]unct i g’ﬁgmklgﬁ%?L,SOISE%%I#EW%&J%#%{?QG%@?WTV,SMPEﬁ stance to

anti biotics, reshilét #hed 38 FeNGotdr dx ataher preterrsd embrdinicon tighfenat ype, occl usi on

body formation iﬂghlaaﬁiué Ovjzoéﬂ)ﬁ%eset% . (ﬁgfyﬁgxagm]ﬁ% i fthﬁlg)qq_i ng sequence of
. . o k.

the protein of interest and the coding se%léence of the fusi‘on pol ypeptide of
the i nvention araetylgieqsapipyliginsfriess B pasr e Golge isalatinnednesiooh thhe vect or,

reconbi nants conba@linkifg dbR8n I &S PATH-NRetGIgMERSisRMIeRGRS IC@RTHE | dentified by
t he absence of the rker gene tunction, Alternatjvel, mar ker gene can be
pl aced in tanderﬁfwngﬁy’tﬂ?fém 88F%£ha§éltf Eade R %@%ﬂ@@éﬁn f the same or

di fferent pronptSBQ eent12. cAleaiatived), th belgepulietish dotnai offafiehe€ Golighg Sequences.
Expression of the.marker in response to jnduction.or. selection indicates
expressi on o Ft ﬁ?‘{:mtcﬁoﬁﬁepégeq%a nce Tmtaﬁ%th%Prgfegf‘ge%quﬁmn T?et‘riee 122nd the codi ng
sequence of t he lpaaBiabon grojaype pti¢ctte frorOthé 2louy contiktmgtoliithedoligatizach,
transcriptional activity for the coding region of the protein of interest and
t he codi ng sequence of the fusion polyneptidc of the invention can be assessed
by hybridi zation assays. For exanple, RNA can be



-63- isolated and anal yzed by Northern bl ot using a probe honol ogous to the
codi ng sequences of the protein of interest and the codi ng sequence of the
fusi on polypeptide of the invention or particular portions thereof.
Alternatively, total nucleic acids of the host cell may be extracted and
assayed for hybridization to such probes. [0163]1In the fourth approach, the
expression of the protein products of the protein of interest and the coding
sequence of the fusion polypeptide having (1,4)-Nacetylglueo s aminy 1t ra
nsferase n (QTIIll) activity and corrpr3i6si ng the Golgi |ocalization domain of a
het er ol ogous Gol gi resident polypeptide can be assessed i nmunol ogically, for
ex anple by Western bl ots, inmunoassay S|#ch as_r.adj oi.mmuno- precipitation,
enzyme- | i nked i rﬁ?ﬂﬁ'ﬁﬁgg}ﬂ)ﬁ@?“éﬁ’llﬁﬁucfﬁ@qﬂst‘@.BI“FFIE"‘%HIPW%@{“@”L"E‘%’PC’H t he success of
t hg exprcssior, rﬁa}iﬁﬁs&iﬁ%e IMMﬁfcaJizhﬂwgbmﬂﬁoﬁgcles detfeetitnstabset he bi ol ogical ly
acdVe gene ucts._b. Generation An Protei ns And Protein Fragnents
Havi ng Al te?oégﬂcsl yCco ‘%?IBW%ES%?&’G@@E%%E?%?WWV&WH&QB% Nt i bodi es Havi ng

| ncreased Ef f ectigiatddundeit esid tonphisiny ngquendeitizo ehtodoe p esigreptide Gabidgll ar Cyt ot oxicity
Lo16ailn pref er red aRbAM RIS v i PRESEDL SERYSRI. AN ROYEdes 9l yeof onaas of
anti bodi es and anti "ooday r grren]'t'S havi'ng 1 ncreased Fe recéptor binding and/ or
ef fector functi GEQGIRANM The meseitboehfiotdpenceptsseah isoltednudsit mtdoxi city. [ 0165]
Clinical trials 3l Ojéég% d l.ona t i o ), for the

treat nent of soﬁ‘gélf)#yp&%sgof ca%ctélrgp_E%&?%e%“%ff%@%ﬁ%@%ﬁ?ﬁ&r aging results.

Di | | ruan, CancerhyBidigafenprotg tRauslewotis ssqusmee phalidh cpsigtsif g yuclptids et at

| munol ogy Todaedyich v LOBIE) 24 2Ad SHO IPROA4 oHING, DHnEGEG BStNbAS has been
approved for | O\A%gr.ade_ or. follicular B—celg non- Hodgki n' s | ynphoma. Dill man,
Cancer Rzother, %"&Pt(‘?ﬂﬁérf?ﬁhﬁ&ﬁ igd ey yggipd nuclpp add SABRTKEE Anconj ugat ed mADb,
a Myrnal l; 7ed | gégleiicakigeaisi 809, &0, Pt 5B ASLs, DPTINOES or $Pasidaltisdtolien show ng

prom sing results_.in .phase |1l clinigal J Deo t nol ogy Today
18: 127 (1997). uceleoatflrcl1 I uecrl%%e%?wntlﬁg@égf%%figﬁggoaggmk%ﬁ?ffﬂdesxigr essed in their
respective tunorfDQéD:i3s Enshothheenzatimieudihe snvemidn &t direpted &ndn ibaleiwlr destructi on by
-6'4- effector S I L ' i | : ine TBO¥L Ot her

uncoaj ugat ed nﬁglgh\%f?dﬁJ]%o}ﬁhggl?gu%D%%cg%e}{?dglpstﬁ%gg"g%g?ﬂ%%m%r| g er effector

functions of sufapidejaaence #érae B84 86%,. 9%, 2%, AT%C.AT VP8l PUk ideted®t et at, Cancer
80: 317- 33 (1997)ie aiihd 1 Blunedte FIG. 24 LREPIINRD: 1509 r B 4s Hh(sE99H) . For sone of

these weaker mARs, ~adjunct cytolcine therapy is currently being tested.

Addi tion of eyt Q¥ e ST dftyertiop Al SRPAmRasHES 490 ted apdsioit ORI 2ar cyt ot oxicity

(ADCC) by i ncr easduage tHatené®ied atiolyyepfitlchatitigiie kmiad actd £qQidhc@bfF1g. 9y nphocyt es. Frost
et al., Cancer 80: - (19 e U, at...1 | not her. . 19:184-91 (1996).
ADCC, a lytic atafl%%%zgﬁg%%%?r 35?;&;&@?%5]5(:@?‘1“&%?35” VEFHBYES upon bi nding of
| eukocyt e receptsepstitutionst he constant region (Fe) of antibodies. Deo et at,

| mmunol ogy Jadgy 18: ﬁ%&&%&m&%gﬁ%wﬁw@ﬂﬁg{dgﬁieﬁé%%@?e%&' ementary,

approach to I ncrease £ activit unconj ugat | s'Is to engineer the Fe
regi on ff t he aﬁ?@tﬁddi}qhwmseﬁqal@%@ﬂﬁwqwgl@ dverfiopyeh RGN t hat FeyRs
interact wth theshsaahokl Nge region of the 1gG CH2 domain. Lund ef al "I.

| mtmezot 157 4%( 13419(1996) . wever, FeyR binding also requires the presence
of ol i gosaetHiHi des oa\/%"é%ﬂn&odg?ephébﬁé’&sﬁ{‘“?ﬂ@%&r@@?tﬁﬁéﬂ NFSI%97 in the CH2
regi on. Lund et palypeptidd b0 B(1{4)-NacetQgideosnyliMerhse WY lagivity and Morri son,
Trends Biotech. 15:26-3% (19 uggest i t.hat . ei ther oligosaccharide and
pol ypepti dc bot k?ﬁ?f??%é’%ly ’Ijﬁ§/1’%&n%g%t?%%?%%f%e¢ﬁ%?i)n MR cﬂ;oolﬁlp%sillfggmor that the

ol i gosacchari de Godgi deglifenadiomeinmdiarheioleseusi Gag trésidentQelpeptitle plapt | de
conformation. Mydigf.GahpRinls, hbRsih bARRARENS hdGvakdt Chpie ugan therefore be
explored as a neans to increase the affinity of the interaction. [0167] An

| gG nol ecul e carfPEdc domange B ARacHlgyosnarhapstawe I Ao qnagicg@ly egi on, one on
each heavy chai Rrefdded afbodhyE Ofé BlsRh holypdptiaddt AlRd YorhisPiRAGEEd as a popul ation
of gl yeoforns V\Igi ch share t hte sang pﬁl e)&ti de ckbone but have different

ol i gosacchar i de< AFFETHEHAL 8! paRrsigesy 8%@1 AT eI RISISEt ey o s ac char i des
normal [y found iInGdIe if ahegitiosendbdimedt, omn Ggbloadlieatioh dRai sexctddi - ant ennary type
(Wonnal d et at, Biochem stry 36:130-38 (1997), with |ow | evel of term nal
sialic acid and bisecting N-acetyl glucosarnine (G IcNAc), and a vari able
degree of term nal galLactosylation and core fuoosyl ation. Sone studi es suggest
that the mniml carbohydrate structure required for FcyR binding lies within
the oligosaccharide core. Lund etal., T. |Inmunot /57:4963-69 (1996)




-65- (0168] The nouse- or hanster-derived cell lines used in industry and
academ a for production of unconjugated therapeutic mAbs normally attach the
requi red oligosaccharide determnants to Fc sites. 1gGs expressed in these
cell lines lack, however, the bisecting G GNAc found in | ow amounts in serum
lgGs. Lifely et al., dycobiolov 378:813-22 (1995). In contrast, it was
recently observed that a rat nyel ona-produced, hunmani zed |1 gGl ( CAMPATH- 1H)
carried a bisecting G.cNAc in sonme of its gtycoforrns. Lifely et al.,
d ycobi ol ogy 318:813-22 (1995). The rat’-cell-derived antibody reached a
simlar maximal in vitro ADCC activity as CAMPATH 1H anti bodi es produced in
standard cell lines, but at significantly. |ower antibody concentrations.
[0169. 1The CA/ VIFRTihe SFiwp GERISHE Hdhsrigratipatin derasie © E‘la’i"ﬁoﬁﬁas‘f &V s on | ynphoma
(t:)el | s, anth hi s 15@1115?5,% oD ohqﬁbhim&;@[g%ﬁsaﬁ{nymgﬁs%rdgg I, msda%sence (r)]f a
isecting GeNAc. Lifely et at, cobi ol oo 118: 813- 1995 In the
N-1inked gl ycos;}f’cﬁb"faﬂﬂl V,'“é’%qmé’@émﬁmﬁ 19“?"’3%@'5%58@/ t he enzyme
13(1, 4) NLacet ylteamessitvayioh mansd gépase by eultuf@nile Hobtle}lls ocBahaettber , Bi ochem
Cell Biol. 64:163-81 (.1986).. [0170)Pr.evi ous udi es. us a single
ant i body- pr oduci’hg " CE %fe"ie%l H\défa%‘%g?mmoswmﬁsté?n ﬁ%sfoﬁog%ﬁfnﬁz%cr ed to express,
in an external | ycideguwdat edd fugioh pdypeptitiefafikreenveridgevid fissicafpobpeptidmed GnT |11 gene
enzyme (Umana, R ﬁ%reéﬂmnt'c&lﬁﬁé.”e Bi ot echnot 7:176-180 (1999)). This approach
established for the first time a rigorous correlation between expression of

GhTM and t hdVIABICC acThamressut gventiqe st Juseiedtn 8 mgdag for podifing]teur t her

anti bodi es of thgybawant peRINA AN ?@g&gd B¢ aNBGeRl, Obonpiisic Ng affinity and
i ncreased effector function_.include, but are not limted to, anti-hunman

neur obl gst ona noPFRARGRR e ] BOHyel & Heess a5f fueder Byhe iR %Phods of the

i nvention, a chixetlly, @tinodifedilypERideds (Rr bk fropdeai thodbcotriasd tenal ant i body
(ch@&50) produc by t t ho f the i.nvention hu i 7ed anti-HER2
nonocl onal anti g‘%&ﬁgﬁr}éh@?&?{%’iﬂ%ﬁ%@u -t epflflef ’ég@gﬂ ﬁl)%ag‘ﬁ%’g%ggd by the nethods
of the inventi oromarisidg the Fe cegiont | In hwootken poddea cmbodinggnt, adhd mbdifalst car ci noma

nonocl onal anti . : Gad . avention, a
humani zed anti - ﬁ%ﬁéﬁp%%%gﬁr?%gn rmﬁ%gdce% %ﬁgpméﬂ?g%%?ym‘%%%ﬁé}%@ produced by
t he met hods of tdiebimapde®i on, a humani zed anti-human -66- colorectal tunor
anti body (A3g@heipr 0dueRm, Lt tii\@ntHR i 8ftSer Afredidd@o A 8% 1cORprisk tRNT i - human
mel anoma anti body (_R24%Mg| rected agai nst Gl)3 gangliosi de produced by the
net hods of the iTWGERATEHTC SREFSHUOnTT PR PY tBe HYffom, Jheds calhodmibdicel | carci noma
rmnoclhonal ant: Pﬁ&bﬁtﬁl'ﬁ&tﬁl BJs dferelieachoktycell b@l 'ﬂ%&f&'lﬁcbiplgﬁcs;t Rest barvent imojn, an
anti - human sma e ng _car.ci no nonocl.on ant 1 body ;| one
Syst ems, Merck l@é‘glﬂf pf8du f‘ggﬁ"?’r@’t h8YLPeBYdet %‘"{nﬁv §5§§2 an anti-hunan
non- Hodgki n' s | yawgsyigiersamimdicdnsfoaie afit | bodity ( Bex xéemétvelyi t Bl@mab, Coul ter
Phar maceuti cal s) ala@gﬁ&l&g&&l@(a AN %LJ% mﬁ‘la&g&tm&ﬁ?‘?uﬁagﬁé)ﬂ:@r oduced by the
Bven u ‘hea

met hods of the it Ion, an anti- h squanobus ce . and neck carcinonma
monocl opal  ant | rdiggsaqclrss in thedic gepeon Sf & pelimsptiqsreqgaged &y P kdfieceet hods of t he

nvention, an aniehladd ok @€ Gt Rlec@lthof GhORRAGHIRERAIDARE 0nal ant | body
(Panorex (edrecol gnab); Centocor, (Jlaxo Wellcone) pi epared by the nethods

of the inventi orf UbedY Balerts, an ARy fropmrptead & ASORBIOHENBRIRSALTS 2ant i body
(Theragyn, Anti sgsmgqupriius ekt By réghe offed hedsooghbbdliie Innygefeir@n, an anti - human

acut e nyel ogenous,l eukem a_carci,no oclanal anti hod Smart ML95, Protein
Desi gn Labs, Kaneé%’g‘}%mf)nﬁ’ro%eu%oéﬁ’e%hfe?%gucﬁ %msogtfce@ﬁelg(?ﬁ{/%%% rogrglt, an anti-hunQan

mal i gnant gl i ometharefddbsopraerabipitidpoliyepfiGrraineed bivitoitctlonkGl Garbr i dge Ant i body

Technol ogy) pr Oq}b%]% | i - 1-human B cel |
non- Hodgki ns |y _o%%ﬁ%?ﬂ%ﬁ%&gﬁ%ﬁéyﬁ?ﬁﬁ%ké%-@é\?fz?%g?ldﬂl\/th&tC&Igtrlfj;r maceut i cal s)
produced by the Hueidn et icides anceimesrilenttn ths K eginy pfaiusel BG t unor s

monocl onal anti hodys€CEA- Ci de, | nanunonedi es) produced by the nethods of the
i nvention, an ﬁnti human col gQrectal. , car ¢i noma. nonocl onal anti body (I odi ne
131- M\ 14, I Hunonelfecyt s sabreatiepprofysed ebhingscets ¢f hiaveriitfent i on, an

anti - human ovar yexhikit Hleresed Jarr@dstbs birdfvg affibdpindbofinGeds&l effedidr fidfiac| onal anti body
(I'vfDX-210, Medarex, No yarns) produced by the nethods of the invention, an
anti-human col orectal and pancreas carci noma nonocl onal anti body (TTMA
Pharm aci e Upjohn) produced by the nethods of the invention, an anti-human
TAG 72 expressing carcinoma nonocl onal anti body (MDX-220, Medarex) produced
by the nethods of the invention, an anti-human BGEr-expressi ng carci noma
r]DnocI onal antibody (MDX-447) produced by the nmethods of the invention,




invention, an anti-human breast, lung, prostate and pancreas carci noma and
mal i gnant nel anoma nonocl onal anti body (BrevaRex, AltaRex) produced by the
nmet hods of the invention, and an anti-human acute myel ogenous | eukem a

nmonocl onal anti body (Mnocl onal Antibody Conjugate, |narnunex) produced by
the nethods of the invention, In addition, the invention is directed to

anti body fragnent and fusion proteins conprising a region that is equival ent
to the Fc region of inmunogl obulins. @neration And Use Of Fusion Proteins
Conpri sing A Region Equivalent To An Pc Region O An I mmuno gl obulin That
Pronmote Pc- Medi ated Cytotoxicity [0172] As di scussed above, .the present

i nvention rel at &? EHUPT ferprdticrion Freer Hsfhﬁﬁmf%i rePPEE BEEPE bi ndi ng affinity
and/ or effect or afiiGeik indra®d binliey RREWY hdivating rdafirSfich abheFhMIachi eved by

engi neering the glycaogylation pattern of the Pc regi on of such antibodies, in
pact 1 cul ar by eHGTIGeN RSP Bdg P IEy AP B e B duce. a

pol ypepti de w t bf thefojowingsinbtehsed edtibvdyt dgpeadenGaeluldr cgotoxieity, yereased Man TT activity,
that nodifies the,oljgosac rides atta t.o the Fe.region of such

bt bodi s Thi SR REaRG IR SRl E 0G| Rl SR SURM. L 0o Ul a
cytotoxicity agaicnsed imiseiauglixencdatell atipmdptakeds ageremspentog eliul e carrying a
region that is ﬂlgaﬁgsgygy_ﬂe&%d Eé?lufapgytft 'Jit?anQr@achf biﬁ%écemd dgo&hﬁhnl in, not only

by therapeutic antibodies, since the changes Intro y the engi neering of

gl ycosyl ati on aftFetsed Brdins to pecrmbeges gicseedinalingierobmemaoquelsar pfis e|  actions with

the Pc receptor @m),tntb&a&uBﬁﬁﬁ@to%m%%&&m&&&b%gm&g&%@m Ithe OIADCCt o
,al SCl ose nme oas

mechani sm Fe-contajni.ng nol ecul.es.tg which the presently
can be applied F"Wﬁ??‘;dﬁe‘f‘ dHFcés‘ﬂBJf‘nql’ildﬁf'P%@WtﬁﬁlS’ig%f?as?élf"l%lxece usi on proteins

made of a tar getdafgtipd, @tdehdieastdMadeMpdisged to the N-term nus of an Fc-region
(Chanmov an kenazj, Tr iotech. . 14- .5 199 and .(b) pl asma

menbr ane- aglgﬁlgred fé%?%aﬁmg@%f%r?ﬁgédﬁ%g%m%?m’éhe ?p%e%lo?%flrng?\ngér%%ai raue domain
that |ocalizes €BOcké aitEeerd. aMdvthrcdeSH2AIsel at X0 mhidoha eelraB3X68 cl an Pc regi on
(Stabila PY.. NoLuugBoheahs st 3%ERCHAR8L) o oyfillis LUISHLN e case of

. h& ;
sol uble fusion protei'ns (a) the targetin omal n directs binding of the

fusi on protein PYYRIPHESTOrEBT by widibpy cdlijem a% CRAheEbodyardhss IDEE: | in an

anal ogous fashi epps. On inB@EPRGIHL Gt eROHE B30 ce T e 8RR GRLhQAn Of presently

di scl osed net hog to enh&gce th ffector function, including Pc-nediated

cel lul ar cyt ot oXPER geopqelppglgnt rdfed by these nol ecul es woul d therefore be

i dentical tpimhe netheditapplcoegising a hhefcage ticbdinguthdida@divpptiddd®1741l n t he case
of menbrane-anchared fusian protei.ns ) _th desirable cells in the body
nave 1o expr oss RS cyaiibReBERl Pl Tabitin IR MBS RERMR ISR 10 Lohi eved

ei ther by gene trimeectrdypucippradioiredng dnanttiogy mplandd, ectithedytfheme| s in vivo with
a plasmd or Vi f@lniVes hRbtdublatc @b oS f&mrmgﬁhtgcluhaea fepshon.

prot ei n-encodi ng gene to undesirable cells,” or by inplantation in the body of
cell's geneti cal PyalegittiBeier ! euiprasgopa. ngstanrd grbetdrms BA their surface.
The I?t eE cel | SatVI@.btl |o§etﬂﬂ.fe@@éﬂﬁ:)élei@@cihéﬁabcﬁmn€éﬂﬁb[bzbBﬁb&i@,dﬂhedh' ﬂ&hd yide a golbyrfer
capsul e (encapsul ated cell. thera ere t annot . he. destroyed by an

Pc- medi at ed cel HH%P%WW?IE‘W Xﬁ%‘%ﬂ%ﬁéﬁ%@%@ﬁ%ﬁﬁ“&% he capsul e

devi ce fail andrenlieekstapiougnestlbsl hebelyehGatle sHercatplegs adtideimat hey can be

el imnated by Pg- i i Gl il ._at, Nature

Bi ot ech. 16: 135%01%3'{5%%?&%%{Jr#isng%g%é%og%ﬁ% a%lrbééé,enrﬁﬁ?m ihsc ozggd met hod woul d
be applied eithéri-tynap bt b piestpagelinat wtikode3gamot-fehapypissdettior an addi ti onal

gene expressi onpgasS@ickLtaf hiRE kO 2AS0 HAL £t AimAP Xk IR EXREAFSI On | evel s of
t he fusion polypeptide of the invention or by engineering the cells to be

i npl anted to exPFrEse 2GRt Bngiosifoiat Hath Pl eprs I sHEmPESon pol ypepti de of
the invention. JheiapetthbdonARRtiboaRsi-29)sn Hfi-Anid HEIR S6hodA\rk kitiody Fragnent s,

and Fusi on Pol ypepti oduced Accor di to t%e Met hods é the I nventi on.
[01751The anti bgﬁgﬁgﬁ?ﬁﬁﬁmﬁﬁ ’%Pﬁ"ﬁ%géﬁ‘“ﬁ?ﬁbf’ o ?F‘E&ﬂgﬁ% and fusion
prot ei ns conpri sitivgiyaanaefihomnéipul mab@iy] an tuiti-kunen PD30 @gbaiy, aofntan 1 nmunogl obuhn)
of the present uwention can be used alone to target and kill tunor cells in
vivo. The antibodies can al so be used in conjunction with an appropriate

t herapeutic agent to treat hnutan carci noma, For exanple, the antibodi es can
be used in conbination with standard or conventional neatnent nethods such as
chenot herapy, radiation therapy or can be conjugated or Linked to a

t herapeutic



-69- drug, or toxin, as well as to a |lynpholcine or a tunor-inhibitory gowth

factor, for delivery of the therapeutic agent to the site of the carcinoma.

10176] Techni ques for conjugating such therapeutic agents to antibodies are

wel | known [see, e.g., Anon et al, "Monoclonal Antibodies for |nmrunotargeling

of Drugs in Cancer Therapy", in Mnoclonal Antibodies and Cancer Therapy,

Rei sfeld et at (eds.), pp. 243-56 (A'%P R Liss, Inc. 1985); Hellstromet at,

"Anti bodies For Drug Delivery", in Controlled Drug Delivery (2nd Ed.),

Robi nson et at (eds.), pp. 623-53 (Mane! Dekker, Inc. 1987); Thorpe, "Antibody

Carriers O Cyt i c..Agents In Therapy. A Review' .in Mnoclonal

Ant i bodi es 84:1;%?2% %8?’%5’%&%‘%1‘%‘%%@2 A ptln?e\éag ?n%?lsg?mﬁlﬁ%tﬁg?a el al. (eds.),

pp. 475-506 (19@BIWMand dhbrdye amtanalGD3" FhdioBde partatly.om ArdGI®Yt ot oxi

Properties O j - ' .U €S otk eV . 11 9-58 (1982)].
%gﬁgﬁy aaIﬁ’nfsw OGRS %ngh %?ego'a%y!m&y, B Ytivhuls

101771 Alterna [y gl'ycoengi neer e aﬁ ' can be coupled to high-energy
radi ation, e.g. Sﬂﬂéloﬁléﬁﬁf@g@%t @et-SGERVIH gntibodyg an-anfi-imtpgrinahtibodah | ocal i zed at the

tumor site, resyki@aoNnodt),!dniNG10f SRYE & afihblcifhABBlChSakisee, e.g., O der,
"Anal ysis, Results, and Future Pr OEBGC'[IVE of The Therapeutic Use of

Radi ol abel cd AnYIUGA%3RtPolyERARtERuTR EP3iAptbody, An 45 hEE 88 28 odi es For Cancer
?st g;:;i 02 Anddeﬁeaﬁ:a-mﬁmanB@mm/ﬂnﬁb(ﬂy, a.a'fantg]ﬂﬂﬁm_ X3D4§)Enﬁb3@$pﬂ-§1ﬁ_(hﬁ@x&ijfemﬁ Press

. According_to.yet another i ment, the an es the invention
can be conj ugatéﬁs%%h%’%§éﬁg%§%%8?ﬁd}f%m' ‘?F%W%%@“%gt er oconj ugate for
t he treat ment odntibadypam apehinganaBpChés entibiiyd tiSegal CEA akfibSdy, Rat . No. 4, 676, 980.
10178111 ot Bt ot 0 TP Al POl D QTR of

i nventijon include conjugation of nkage, e.g recombi‘hant DNA techni ques,
to an enzyne ca@aﬂﬂ@%@%@ﬁw@vw%ﬁ@ﬂﬁg@aﬁﬁ%iaﬁw edyegamstiasare drug and the use
of that anti bodifi&agFari &R HokeiRhe the RDOPIRaRAk ARntivhidtntti®oREOdr Ug to convert
the prodrug to a cytotoxic agent at the tunor site [see, e.g., Setter et al.,
"Anti - Tunor Ef f8EIY0f Anti body- al kal i ne Phosphatase”, Proc. Natl. Aced_ Sal.
USA 85: 484?914?1( 198ﬁ)['hc 'fsﬁﬁaﬂﬁ?e@ﬁmts b (ﬁ:%ﬁediﬂg Vinbthei &g@rddﬁbmgi ¥y0 Anti L unor
Amvites of Plio ryl at eo tocycin nd Et oposi.de .Deri,vatives by

Monocl onal . An‘foiig’a‘%&?gﬂ ?(g?sf ﬁ"y Cl9ﬁl8§ AP nﬁ]lﬁjgtae FEBIER i Resear ch

49: 5789- 5792 ( 1888)sat lasstbonSewmdedracid tikodihgasiarpolybepBicidring 81 ByNANt i body- Enzyne
Conj ugates: A C Py, : - L88-193 (1990)].
-70- 10179] St :\ﬁx\(g@ggﬁg{%ﬁ?ﬁ%@fgﬁﬂtﬁ; EQ%E or hgéglﬁeé’rédﬁsgé@of the invention

i nvol ves use, efaladleyyitragsteiase (PeEa rrclevigh undgnpinditerst wieh agmpabhe of an

anti body- drug ogm@eﬁdnbcq%vﬂ&é;sﬂae@aé&cu%ﬁlemfgguﬁ%mfé&]gtmhcﬁgl I's fromthe bone
marrow of cancer patients. According to thjs roach, autol ogous bone marrow

app
may be purged eRURAYFolseuls ppantinedy fragipeptyetpinine a fRetoBRlye BEI™EHE: mar r ow i nf used
back into the psibepiotdus @8t iikludes, a Rayvhayuiedlerdlto ,the' Bonezddass aw Pur gi ng Usi ng
Monocl onal Antibodies”, .J. .Clin.. [l.mungl., .8(2):81: 988)] .
101801Furt her nn‘?’lélfun%%?briyeu%’ivgméﬁr]%tslmgéﬁ'foené’?iy?dé’ggcn%%]ﬁﬁrﬁn%lﬁln%jgﬁl o'%r]bxi ns and ot her
reconbi nant conatemetorely, GAT dteity vemesiednn gomaantrfigienttemogibohd i city of the
ant i gen- bi ndi ng, {601 Qfidaf in A% F@%gﬁ&t%gd @ Pkucaily Rty gy be used

t herapeutically. For exanple, t Si ngrhe-c ali h 1 mmanot oxi ns of the invention,
may be used to ¥daft)prelasmhsehpilyiwig The preeed pohsiamet ke BFPY a fusi on
protein conpri spoigedide | €ashpriste amd i gt Ndidagais egbpn Pll,4pN- anti body of the
havi ng. ant -t unSFoREETpT ey reltgee S SRR P REtE e P can be used to |
treat human carfsimoprdypeptidy firiber chuprisksaha@olg, locakatembdonaimtof & Gelgni ques known i n
the art can be t t j 'fhﬁ 1 bodi .ein one of the

bi ndi ng speci fi%?ﬁ%gt gﬂggp%tﬁﬁgg%%%bg%%g&ggo I rng)gtrd‘éu & %)Sglo um%?d associ at ed
antigen, while domeinof memopilaseill api(bpetpdehialucgsapinyiisestasse [ 6odP i s that of a

mol ecul e ot her Almﬁ\s@i glebU@HBﬁaﬁﬁﬁ&fHoﬁ%iﬁg sélidteli 96 the group consisting

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




101821The present invention provides a nethod for selectively killing tunor
cells expressing an antigen that specifically binds to the nonocl onal antibody
of the present invention or functional equivalent. This nethod conprises
reacting the glycoengi neered anti bodi es of the present invention or

i mmunoconj ugates (e.g. the incnunotortin) conprising same wi-th said tunor
cells. These tunor cells may be froma human carci noma. [0183] Additionally,
this invention provides a nethod of t réfat i ng carcinomas (for exanple human
carcinomas) in vivo. This nmethod conprises admnistering to a subject a
pharmaceutical | y ef tive.anount of a osition containing at |east one of
the g, |ycoengi ny%écf’eg’gg%%?ﬁfaf%gf%ﬂ eIBsFtDI Wgﬁcﬁgﬁﬁ%%dfﬁmﬂaﬁaﬂr% ?i’g‘:hoconj ugat es
(e.g. the i mMmundtu@xylegnsfeaspr Tis peiypseites prodfid@d 8dihk metrodswif thagressaspect , t he
invention is directed.to an i Qv 2t-hod r_treatin ut oi nunune

di sease pr oducednfmﬁn%hg eem%r?asfgg;ﬁcﬁacr%%qor%ndggt og%ﬁdéorénu (a)‘%%faf? %Idi es based on
B-cel | depl eti orfuwtepr Pefarglyadhe niresdrefigorafutdien pawatar amrd of tef f ect i ve anount
of i nmmunol ogi calfgyowqﬁ .'ﬁ/c?eaééa_tMﬁé&}ﬁmﬁ%;ﬁ:g%%‘fbx&ﬂpl(ﬁ Fd;ﬁgg?j?[gﬁgd t hereof, the

i nproverent conprising adm ni stering a therapeutica ctive anmount of an
anti body havi ng Frdeageaieppaisripare). inrregetoidié@ewicnticlilie met hods of the
Invention. In a @E@Eﬁéﬁsﬁﬂ%?ﬁ%ﬂ&ﬁ%ﬁh&@cr&@ﬂ%&@ﬂ&iﬂﬁm&@oﬁ%l -C]) 20 anti body.
Exanpl es of autoi e di seases or disorders fngC' ude ,b‘H;itl aﬁ‘ﬁﬂ not limted to,
i mune- nedi at ed ¥ Lare & EntgsppressRting colise Mrgrseh RfRE ¥ onboeyt openi ¢
pur purea and chreel, Gncredléed pPafidingC tot Haceiphapey tifpardd ConplingDtor @enoc &l mat onmyosi ti s,
Sydenham s chorea,_ | upus. nephriti rheunatic fever,.. I andul ar syndrones,
Henoch- Scbonl ei nmdﬁja?%l%rfn%ngpdpg -glfpﬁ%acol%ﬂoccecai’mﬁaes%ﬁrl ‘F‘E‘%ﬁ“eérl“%{“%“é%m nodosum
Takayasu' s art hrapeitsis, iddehisglonosgliniing efdaest-bawny edtibodiesrindressdddrenystic pol yarteritis
nodose, ankyl osiQg,sHe gg&{|mlﬁa&se@o&ﬁg‘%&%rﬂe%ﬂmgggf’ggapm}%(gﬁg)oangl tis
ubiterans, prinnu-y biliary cirrhosis. Hashinoto's thyroirditis,

t hyr ot oxi cosi s, Y erefetily acrhephbiding to 5o ety e BrBioBefFhat onmyosi ti s,

pol ychondritis, maophi gus vul garis, Wegener's granul omatosi s, nmenbranous

nephr opat hy, otrophic |l ateral sclerosis, tabes dorsalis, polynyaglia,

per ni ci ous dﬂgﬁja, r%PW?W?@%?&&’@B’%W&F@?WEW&WW?‘ﬁ"b’PQHE"’ fi brosing
alveolitis, infl@smedoyhenespongar mention aBich s lnairoraised progltion ofli Seases

i ncludi ng psori asi d dermatiti e.g. atopic der itis):, systemc

scl er oder ma and%ésc eé;'fl(;c])1 P%a?ch?ne%f)gln%e% g %noogisgggéyW?%?iEnnﬁtarﬁ?ﬁ? orybowel di sease
(such as Crohn' smrdwaychaprdypapivie pradicuebydbd methely of thewpintientlvs 0 di st ress

syndrone (i ncl udiag@Adhriof SPhdnfhMted bRobRSRr Y B O Ereih RDS); dermatitis;
meningitis; encephalitis; uvelitis; coll thsiédwgi:gorreru onepluitis, allergic

condi ti ons such Xt afsaidpppdifisations Therkeniigesyl osaeshrdes wyde Phbol vi ng
infiltration of nlvgddrb&npddyehmaRhGculdml, hafered @ibydiesBd®eeiaptidd her oscl er osi s;

| eukocyt e adhesi on defi ci ency, rheynmatold thritis; systemc |upus
erytinemat osus (Fgf_dl'fﬁ"’;?l i thf)g‘?%g"'!?eﬂ" i”feh]gés(%{.até? myeRjien Ihasd%/"a’ﬂgfaé? mel litus or

i nsul i n dependentropditiah ef Escte Inbnfiewsatedmlip¢saqpharidsch dreds rgjonREnaud' s syndr one;
aut oi rnunune thyrol.di t| s | [ RS 's syndrone;
juvenil e onset ﬁ%%gjf é!é%mgr%h?{n%%&rﬂ %gg%%g)ggygléhs&ofé@gg g%j%v]\jng)?eﬁ acute and

del ayed hyper sersdpaifiopily. yhovmetbedsex thgypreseny nvephppgrgyriesusethiy mrodugphocyt es
typically fcund goRpéb@r & W0ai s 1881 9% hAeR1 Fefel) WYQ I d0bs modd anul onat osi s and
vascul itis; perniclous auieni aﬁ]éAddi son's di sease); diseases involving

| eukocyt e di apedELrably ddsiphals MerPEFEbeA et HQ/@NB%‘C PRFIERMAEESY y di sor der;

mul ti pl e organ impa)mors pretibieat Benddyt incre gaaerkidy (et Madtudidgiordut not |inited
to cryogl obi nem a_.or nb, ositiv em.a) .. fuyasthenia gravis,
antigen-anti bodfwg%r%lfcg%aﬁ%g?t’aFgﬁ p??%%psaég?‘gt zsa%’ini(oé? %:ﬁtg'rra%lyﬁr “Basenent menbrane
di sease; anti phodphaiorpbfesaphdetorast 6%, wemgimeferaly iat lesst Bawes? di sease;

anber t - Eat on m?%éergﬁﬂ&ﬁ%%&%gmﬁ%%&E%{?_R%&Q?E%r%%xﬁgﬁb’%ﬁk?gngi sease:

pol yendoct i nop ;" Relter's ease;” st man syn
gi ant cel | art er8t% sorq piefrmblyc nlpisk R0'meipere i g ferably gialeas o gty : | gM po

| yneur opat hi es; i mmune thronbocytopenic purpura (1-1T) or autoi nmaune

t hronbocytopenia etc. In this aspect of the invention, the antibodies of the
invention are used to deplete the blood of normal B-cells for an extended
period. [01851In accordance with the practice of this invention, the subject
may be a hunman, equi ne, porcine, bovine, nurine, canine, feline, and avian
subj ects. OQther warm bl ooded animals are also included in this invention.
[P186] The present invention also provides a method for treating a subject



[01871Al so provided is a nethod cf inhibiting the proliferation of manmmalian
tunor cells which conprises contacting the mammalian tunor cells with a
sufficient concentration of the gl ycoengi ncered anti bodi es of the invention or
an -73-- imunoconjugate conprising same so as to inhibit proliferation of
the manmmal i an tunor cells, 101 jThe subject invention further provides nethods
for inhibiting the gromh of human tunor cells, treating a tunor in a subject,
and treating a proliferative type disedse in a subject. These nethods conprise
adm nistering to the subject an effective anount of the conposition of the

invention. [0189]1t is apparent therefore that the pr [ nvention
enconpasses phar%‘ﬁ%@hltyi%%‘m%q{?’rﬁﬁﬁpf‘?ﬁ y 8t degmts Halere Aste Ffﬁﬁ’aﬁmods for treating

human car ci norTB.SQS"/FQdioré?p&@fBﬁﬂﬂ?at 18:@9% N v Ethé bliybsabdherkddeliRsheHaadgiaaGEUt i cal
conpositions for he treat t . of h ar ci nonas. co r| sing a

phar maceuti cal | yﬂJl ?({7 yrlt'g rﬁi‘ Eﬁ@%%@ PR HPREEAt i nvention and
a pharmaceuti cal iy ’r&msﬁpb gbﬂmpﬂmptﬂeamhﬁfbﬁ&l&bﬁsmmegrefmn&t may contain the
anti body or anti Q&g 0%,&9&@@@&?&% a& feE.l)%SD feﬁgla ag;gm gg,/atlg to a therapeutic

agent (e.g., drug, toxin sécon I'ma reconbi nant form
(e.g., chineric pmiciablydt kesst 3ﬂ°/r,a:gmﬂfg‘al?@3fatddast#@%1 wora piefelpdliiagkast bi speci fi ¢

anti-bridles). The, cCOMROSrdh s LBY 5gigdh]to}e Refeladiy |B@qéag{dgg,ﬁtlg‘§g anti bodi es or

conjugates for treating carci nonas Z7%8n ant | body  cockt ai ). [01911The
anti body, anti boRfyfeEbijaLigHt ©¥amgrei ﬁ%aﬁﬁé%n%spltef%@abka% he invention can

be adm ni stered wsi nﬂor@@ﬂéf@ﬁlﬂj enRbst me&oﬂfp@ﬁmmlaﬂmﬁtsm hétel udi ng, but not
limted to, |ntrav

raperit i nna c.or
admi ni stration dPF ?ﬂf’ﬁngtg/"f @GP{??FB&%# QQ%"I’\ P aéle?sétl onis
preferred. [019295% heocre ngi@stly riokRsst O6%) herel prefernbly an lermy97|%3 mdrea variety of

dosage Torms whi gl HSrostiihr 80.81cRARY ol Llobtfoubl il ghaagh ut  ons or

suspensi on, tabl pposi‘tofies nMerrc mcrocapsul es or
m crovesi cl es, | thpdsgion Of&ﬁdolmqrt@etﬁaﬁ’ﬁsect@r Stilhfugfeer dhemdddg pf bais. The preferred

for m depends UPOpedelhGnyiRER: 2 bR G B 54dudd doRBeiBeh it Bifick ResaPeyL i ¢ appl i cation.

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 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 m 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 finction and/or increased Fec receptor
binding affinity, produced by the methods of the invention, Preferably, the

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



[ 0193] The conpositions of the invention also preferably include conventi onal
phar maceutical ly acceptable carriers and adjuvants known in the art such as
human serum al bum n, ion exchangers, alumna, |ecithin, buffer substances
such as phosphates, glycine, sorbic acid, potassiumsorbate, and salts OT

el ectrol ytes such as protamne sulfate. -74- (0194)The nost effective node
of adm ni station and dosage regi nen for the conpositions of this invention
depends upon the severity and course df*-the di sease, the patient's health and
response to treatnment and the judgnent of the treating physician.

Accordi ngly, the dosages of the conpositions should be titrated to the

i ndi vi dual = pat i dPdiatefigsiiuler pdqteracdty (ngpdpgincrepsed antiedreepmdnheliddinposi ti ons of
this invention retoRRitf)Nirdchesed af@RdPdepédden Ot phagde o UICE000 o/ kg.
(0195j The nol ecul esaéeﬂescrlbed her ei n ma%/.be in a vari t% of. dosage forns

whi ch incl ude, BT eCYHEme| SPHFIOB PG (TaaTY-caBPIg P ot"“8%s pensi ons,
tablets, pills, upoakdey smtigagppesing oeliscicreppal yinditid © NK cdsoeapss es or

m crovesi cl es, |jposorne and.injectahbl e or infusible.solutjons.
Thepreferred forbm p%%asdpaﬁ%ﬁl?cﬁéés% ﬂke)m%t’ronéo %p%?’sweaa?cfiﬁlﬁd’ﬁ% the therapeutic
appl i cation. [0ebiFipbommoistr celksfimstsaied Erertisigraliog indwdivg srostoaisinéreasedand dosage

regi men for the,c?ﬂ&hﬁﬁi!!& Lrvbhe ﬁﬁb%&%?hde&é@@énhﬁ& cgﬁ?l@tﬂlﬁ ontGoN the | ocation
of the tunor being treated, the severity and course of the cancer, the

subj ect' s heal t Hncg9erd lesihprrnias t & apreéuenephodinsgth thracieyebiedstertef the treating
physi ci an. Accorgdag bfinit} 8 &icARERSRSn0f anlFd StV Bind bR, nibiQrtkehblie titrated to

t he indi vi dual %ubgslﬁct 10197) The | nt er&gl ati_ortllshi of dosa%es for ani mals of
variousysi zes arfd" B chiE SVERG™ KR €08 S tbe dn ey s Pl e area i s
descri bed by Fr éctegionland firsionlproteitd tha tnclG@e s @fionh@nadénhie the Fc fgipn of50 (4) : 219- 244
(1966). Adjustnents in .dogage r.eqi nen nay made to optim ze the tunor
cell growth i nhiBi 't r%ogg)ﬁgmki 1 naél&brog%p%%%g Eélagf.“,“’“d%‘s"é’"s“ ﬁ%}l}mbe di vi ded and
adoni ni st er edon isgkakddyb esséordmding effivitysed/petoredd gffeopoitdional | y dependi ng upon
the situati e.g., VARl 1Al d daily or
proporti onal §glr edug’{e%%}éeg%ng{r%%hgﬂl_on tf@%é%%?@gﬁeﬁ%?ég%ﬁﬁéﬁsi tuati on.
[0198] It woul d lempisigtherpihodies, @ntifesly &egments gainegfeds regionanddpsi®the i nvent i on
requi red to achigeyi@nshbifss R dEivAish b AR Fc feSidh 688 itninbg sl sulee Opti m zati on.

present invention and a phermaceutically acceptable carrier.
[0117] The present invention is further directed to the use of such pharmaceutical

compositions in the method of wweatment of cancer. Specifically, the present
invention is directed to a method for the treatment of cancer comprising
administering a therapeutically effective amount of the phammaceutical
composition of the invention.

[0118B] The present invention is also directed to a host cell comprising an
expression vector comprising a nucleic acid molecule encoding a fiision
polypeptide, wherein the fusion polypeptide has p(1,4)-N-
acetylglucosaminyltransferase III (GnT III) activity and comprises the Golgi
localization domain of a Goli resident polypeptide; and an expression vector
comprising a pucleic 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
mpoiecule encoding the polypeptide having mannosidase M activity are on the

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



[0199] In accordance with the practice of the invention, the pharnmaceuti cal
carrier may be a lipid carrier. The lipid carrier may be a phospholi pid.
Further, the lipid carrier may be a fatty acid. Also, the lipid carrier nmay bc
a detergent. As used herein, a detergent is any substance that alters the
surface tension of a liquid, generally lowering it. -75- 10200]In one exanple
of the invention, the detergent may be _a nonionic detergent. Exanples of
noni oni ¢ detergents include, but are it linmted to, pol ysorbate 80 (al so
known as Tween 80 or (pol yoxyethyl enesorbitan nonool eate), Brij, and Triton

0

(for exanple Triton - 1339 and Triton A-20). ] Al tenjatively, the

det ergent nay beé"ﬂ?ilﬁ ?pggﬁcgpgpgg{bfc%ﬁyﬁéggﬁ%}?g&g%%l aﬁiag‘!ltbc’@fﬂer gent i ncl udes,
but is not |im tpedlerted embddinydnt the Solgt laalizaaemdomizinna the lomalickeion [ 0202] Addi tional |y,
in accordance with the in i the lipid. carrier e a |liposone As used
inthis applicaf#gﬁ?°§Mb?ﬁg%b&ﬁ%*“FEEQHVBWﬂH%?ﬁ%?ﬁﬂbﬂﬁ%}gésicle whi ch cont ai ns
any nol ecul es ofacétfiglucosangingliransterase I ondniosiddse bnral bMedoeof . [ 0203] The exanpl es
bel ow explain t e\ .ONi r %ﬁ!|..Th | ow par ati ons and
exanpl es are giggﬁmﬁo g%%%fgy{ﬁo§%sggﬁ e&o?ﬁmﬁﬂﬁg%??%@ggﬁ%%g clearly

under st and and tfrophagrircenssies Pfracmenmalipneating yeesh celldanggetegbant | nvent i on,

however, is not Jj LefdpiefradGORERdNeel NG RHPIR! d B hueMegLaENt S, which are
intended as illustrations_of "single as%ects of the invention only, and nethods

whi ch are funct i®BSEP gelledtiPomelone ook 2P3RE0P mopsertyelowe ille2 B¥R ¢dlle i nvent i on.
| ndeed, various JwEdidd @Rt @R@wriaémd R i nvention in addition to those described

herein wll one arent to.those skilled in the art fromthe foregoing
description @g acco é?ﬂ??%@@%k[oﬁé?alﬁ%?ﬁw&ﬁ%?gﬁfﬁﬂg“ & intended to fall
wi thin the scopeompritize negyiendeshlchlatnrsiingzXaivRipblsHepidamPtdg S 4t eri al s and

Met hods | . Const rgct i [0 L 0edy 100V ect : L-CD20 ant i body
expression vect oﬁ%é%sﬁ%y 0204] The E@ ant,ty-g@ﬁ%l %ﬁﬁﬂ%{gﬁ expression
vector, pETR150Aocagwhen demammpf foueli resideb @alipmtide, sepapiatsen expriessi on cassettes
(one for the Cz&%mﬁﬁ@ﬂgbp(iwcléé 98 molecule encoding a polypeptide, wherein the

polypeptide has mannosidase II (Man II) activity, and an expression vector

comprising a nucleic acid molecule encoding a polypeptide, wherein the
polypeptide has p(1,2)-N-acetyl gluéosauﬁnyl—lmnsferase I (GuT 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 one expression vector, and the
nucleic acid molecule encoding a polypeptide having Man II activity and the
nucleic acid molecule encoding a polypeptide having GnT I activity are on the
same expression vector. Also preferred is that the nucleic acid molecule
encoding a Manll is on one expression vector, and the nucleic acid molecule
encoding a fusion polypeptide and the nucleic acid molecule encoding a
polypeptide having GnT I activity are on the same expression vector. In another
embodiment, the GunT 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.



-75- chain, one for the C2138 anti body heavy chain, one for the neonycin

resi stance gene and one for the nmurine dhfr gene). Al genes are under control
of the pronoter of the nyeloproliferative sarcoma virus (MPSV) and contain a
synt heti c consensus po | yaderiyl ation signal derived fromthe po |yad
enylati on signal of the rabbit P-gl obin gene. 10245] CONAs encodi ng t he

vari abl e heavy (VI-1) and variable light (VL) chain regions of the anti-Cl1J20
anti body C2138 were assenbled froma $&t of overlappi ng singl e-stranded

ol i gonucl eotides in a one-step process using ?CR (Kobayashi, N., et al.,

Bi ot echni ques_ 23: 500- 503(.1997)). The orj gi nal sequence coding for C2138 VL and
VH regi ons W% obt df Aetfditieeptishech the veriaq s Aol ipabed Al copissi®t  appl i cati on
(I'nternational Bubkgr&abh 0atNEBRREng Wit 1di0 20)eculdssRiby @dusidn and VT-1 cDNA
fragnents were sgbcl oned.into pBlues ri}gtg. KS +)4 éﬁ? gi \{%n‘%Bl ue- C2B8V. 11 and
DB o (238, VI pPUSHPUE: S-S dif R TPHOR0 ST B OB oG s of (288 were
anplified from {(GeTcotvigapdidipigs f8Golg-162RANH dotatl opBGelg-+&RERSVL pl asm ds

usi ng priners thglt iﬁl&er_ %jd,uceegn 5e\sc‘lfectrore%('gril_j%]tni Qn, s%}cew%tmélh 65' end and
appropriate restrPiction s festat the juncr?pl SHE St THe Vartabl € to constant

regi on (BstW f ercotihga polgeptidsheliervirathelpdlireptide das hivgosiiseny Mdndln) , The | gd
const ant. 1 eqi ONgetRY, o AERAed duftai T @ nOWMAEAR R AE ¥l B MRl DT BTy

(Quickcl one, Clontech) using prinmers that i1 ntroduce suitable restriction sites
at the 5 and 3Poksmfadde(msi % n¥ep Bithiplerdy ercnéing o sbamiids byME chain arid Nhel
and BarnFI T for rdaﬂ@si@ﬁk@ﬂh&ﬂﬁty&@@d/ﬂ{esﬁt'ﬂ@bx@}essidh@g&&]oﬁeﬁ%e&@ﬂﬁdidnmt| on of the
correct DNA sequencegyc h C%Bg .antilbod_ | i ght z%]i?d E’ﬁ.v%g chaitns wer e each
conbi negd with t K& %?EIH’D PSP OB A FETR TR A EP ORI ) h a first step,
two different exjptleshi anaddgphoresbwianat chan Solpl tbadatiooniemhioris thee C2B8 | i ght
chain (pETR 313). and ; N h Ghal [316). In a second
step, a neonyci 2() resi ggg’%%ﬁ%%’(%%%@?ﬁﬁ%ﬁ%‘éﬁ eixiyneort;%%s%ﬁgagii stance gene
derived from Tn¥-acrigbpveonylarmifepen  dhdemanposdasol Iof ot heldicpferal MPSV
promoter) was i RicbQHHEEadeMnQ pleffred/@ibb@meR Tl E oo & Setddlel kBP len t he pl asi ni d

pPETR1481 A dhfr gene expressi on cassette under control of the MPSV pronoter
was inserted i nEGR tEsIHDECH MyRTRIES 4l ¢ ¥eagirilean pwctSPba#PHOSEFR 328, In a
fihnal s;ﬁ}o,)bot IPre@ordblyE 68 h6wh cdli CH &1 L1267 8etl, b HRO celC AP celnzq ang 02BH heavy
chai n+ r) wege combin ' ne vector res i L e plasm d pETR1502.
Anti-CD20 anti b%’gvm’égoﬁ}aéglg?%#{Ggg’eﬁfﬂyﬁﬁ?ﬁ?gﬁwgéﬁ%}ﬁgﬁlzﬁaconbi nes a C2BS8
anti - CD20 anti bbghridexpeedissi on vector with an origin of replication fromthe
Epstei n Bar hrus (Qrl P)y.f J - i iLon and mai nt enance in
cells pr odu@lﬁril the @%F%d?uﬁ %gsggét\?% ;@gn%ﬁgﬁt%%?tgﬁﬁ Fggsg%’leh( EBNA) . For
construction of ceMEisiOR BEePRpiEyS @ nvRrisee 2 npiicRkREEplectls eucoPBB expr essi on

nodul e from pETRIALE p¥@septidts Rkt aBodhdlPkpdde fdspainNt into ori P-crinta Mng
vect or pETR1507. Thepvect or%(%ETRlél,l,G ?I!s_15 simlar ?QE%;RLSOZ wi th the exception

that in this pl SSHYYFARSIFHEORY priyBend pomrtiges s fwls P control of the
full, instead oflohdigofd GilgiadsidedyPHipepidemmt &f expAidn-vedi@ colpristhgant i body
expressi on vect gr

c?cic acid molecule encoding a polypeptide, wherein the pelypeptide has
mannosidase I (Man IT) activity; and an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
8(1,2)-N-acetylglucosaminyl-transferase II (GaT 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



[0209] This vector is the same as vector pETR1520, except that the variable
heavy and |ight chain coding regions of the C2 anti-CD20 anti body have been
repl aced by the respective coding regions of antibody L19, a human anti body
recogni zing the ED-B domain of fibmeolin. The variabl e region-encodi ng DNA
fragnents were synthesized by overlap extension PCR nethod using synthetic
ol i gonucl eoti des based on the sequence of the variable regions of the L19
antibody (Pith, A et al. J. Biol. Chén 273(34):21769-76 (1998)).

Ant al 2FR25) expression vector plTRS128 [0210] This vector is the sane as
vector pETR 1520, except that the variable heavy and |ight chain coding
regi ons of the B8 Gakdl actpharemahesaen  pravionped Tepnuweddalsy t he respecti ve
codi ng regions fhvilldenapilt hikRsacidadRonlferobtitBy NMIAR bd B S¥prde@iPINi Zi N t he
human epi dermal growt h factor receptor. The variabl e regi on-encodi ng DNA
fragments were I FREHSBIeHpold wofrulsenesding idpsign nebspentidt W teusi ng synt heti ¢
ol i genucl goéi d?ﬁucb&&ﬁdﬁ&cﬂb&c&ﬂﬂﬁ@&?ﬁepﬁﬂcﬂahﬁg@ﬁT?}]&bﬁv&y are 68- relgi ons of theh
C225 anti body equences can be found in a publighe atent. application wt
i nternational pﬁ‘ﬁ%”?ﬁl?rﬁ‘ﬁmﬁﬁ érﬁ\?\ﬁ“’%f’ﬁﬂﬁﬁf’“ﬁkﬁsa@'gi'g"’g’r‘f&mﬁ of that patent
appl i cati on f or mblaeldreendingaledsdTi ik bn @le@im&sion espe abd thehugleic

Construction of cfUsi essi ect or T Vector for
constitutiveex%%@%@%éﬁegiﬂ%$ﬁ$ﬁﬁf8%%?@@%%mﬁ%%%ﬁggggﬁ%%ﬁggﬁ the GhT1111

expressi on vect GioNERROyPEBIde haxing Ban Wlattivitn are anriieisfniceraiprbasiom a rat ki dney cDNA
library (d ont egd by , BfeRrrederdboliflm ﬂ@hsi@ﬁﬁ’@(;&ﬁﬁﬁ%&ﬁb%sés% was added
e g

i medi ately upstream of the stop cotton of ene (am no acid sequence:

| . t

PEQLCLI)SEEDL) f eatalytis ferpain eifile p & Arthgaredered spbagimens By (Oolei by Western Bl ots.
After confirmaticedgdtioh Benfok iR Weal bR AbEAn S MEUT Bhil)Ne gene was inserted
pol yadenyl at 1 on®S s e airate | P Fierdy S ERPBeL on vt or al so
cont ai ned a sepaambadaseiro),6iNvoredBlogitandeaseassette for selection, with the
pur omyci n rgsj,st anc ; Lt ntr. fth ISY pronoter and
synt hetic r@ggft befﬁ%‘?gpﬁjﬂ?ﬂnﬁ%%#ergﬁgeﬁfiﬂgt?egln&%‘%le ﬁ%ﬁ%‘?%ﬁe%}e%enent of the
first 76 am no emsindgeipfciaRicoding dipsienpolypentide haveR GailHectevdy gl adf t he hunman

GnTl . 102121ThecpR5d fdfele! 213 @odirfd! SpolhBitiad nEhidCASY iLARGTRRRASE gene was
performed by subsequent overlapping PCR reactions. In oné reaction, the stem

regi on of human®H syfbgienh g | modifp dbeyeligagpcqhpdep rin ks §c cp@Bm1902 and  GAB- 180.
During this PCRodIgRgtdk piddiited¥)7tBihostQELs KD&ELS the BAIVRPE®R piiatcedby hSCl restriction
site were al so ﬁntrﬁ-d:ééed at the 5' end. Tge %gsulti%i n E@CR fragnent has a 23
bp overlap wi t hELTHFECLHAPE RF AP 5§18 06 A ™Y y2ntpely JoletBAY  PCR react i on,
the GhTfrl regi axtibédydmpnms aid acfisidd 28 teirohdd Btludva sreginpdqiifvalentitoticFl t he pri nmers
GAB- 177 and GAB-.1. ing a PCR fragnent with a unique Bst. Xl site at
the 3" end and gk@ﬁ%’ﬁ%ﬁgﬁ with the Gin stemregion at the 5 end Both
PCR fragnenif83her e Faeinydntien asqdroyidesd hoss callenginasted & axpress atlemstode PCR reacti on
(pri mers (3AD-14cida GABaidd Bhsiod Py plRlhabin Gnft IRRUPAY, Bt ol 1 11 €0 and

di gested with Ascl  an ) . . o
nucleic acid encoding a polypeptide having Man II and at least one nucleic acid

encoding a polypeptide having GnT II activity in an amount sufficient to modify
the oligosaccharides in the Fc region of a polypeptide produced by the host cell,
wherein the polypeptide produced by the host cell is selected from the group
consisting of a whole antibody molecule, an antibody fragment, and a fusion
protein that includes aregion equivalent to the Fc region of an immunoglobin.
[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



-79- ligated to the vector pETRL1001 (cut with Ascl and Smal) resulting in the
pl asm d pETR1404. After the sequence of the insert has been confirnmed the
MPSV pronoter el ement was added to pETR1404 as an Ascl (partial digestion)

[ Pmel fragment yielding in the plasm d pETR1423. The Sphl / Bst. Xl fragnent
from pETR1166, an expression vector carrying the original rat CmLWgene, was
then replaced by the correspondi ng fragment of pETR1423 resulting in the

pl asm d pETR1425 containing the G1TlI-@ATII 1 fusion under control of the MPS V
pronoter and a putonycin resistance cassette for selection. Prinmer sequences.

GAB- 117 GBI OTCCT 0T GACCOCoQERC0CT T QCACRCACT T CoRC GAR. 178
CT GAGGCGCGGCGCCARTAERATE GAABANS ANEDE T CARBERDEAB pER Qe produced by the

GGGGACAGT GGCT CACAG3CACAQQQ ETR1506:, Rspl acenment of the
76 N el minal sl RO i e Or TS By IR POt I B da of - hurmr
mannosi dase |i aftdadyFginent.coiwivriugtitonthafincpiRieEO6 caverelep arihedicned anal ogousl y
to the constructi pE' 25. The stemregi on of the hunman mannosi dase
11 gene was an‘g?%g%?é)ginv#%%%hleﬁpri mers GAB-252 and GAB-253 using the vector
pH ac- man @85k t enphaseparatpembodigentthe preser inyeptive plsepreddeg plosiceskozak consensus
sequence Were i Bighee Bthxfbss b RasPonetRbleic THE cicEY 4 Fubion g@gment over| aps
the G nTIll gene star%]ié?f%ﬂg"ts posi t?eon 2159,by c2 1::’)&:J?péc)zé_Cond PCR reaction

3 bp. In.
a part of the ch#mgG Vit gidpast W RS SpEOTRCURE S RBPIRASEEIBEL h t he priners
GAB- 254 and GABM2BSI anlihk $eafPCRR: fiRGt dcinengelitgt agobgedidé haghgUGEUT cont ai ning a 43
by overlap with_the mannosi dase | at.the.5.. en nd .a ique Still site
2t Che B end. BBV PEAOROnC Lt i BarT P et B et da i n & third
PCR wi th the pr epeympide BIREPOyArchoGAEl, RBGein kol ypemidt rodgedty hgnent  was
inserted into phed Qhls Qledthd¥hni MEEMSChM il FRWASE AutinblyinffieckfiGnCOr r €Ct  sequence
of the insert has_ -80- been corﬁrl rmed the conplete fusion gene was
constructed by Fitadrdragment.madq fusign poytein thatincliders rgioppauiypgnttotd® with t he St ud

e et S e BRI o 8
resul ting plasm : cont ai he _hybri nLl - GoT. gene
NO 14) under coff %%%E&@?WW& %&Wé&r‘“@é? fegHBP -t he pl asnid in

mamal i an cel | s InarpadAitinsdly prefee s eidbadiment s RbpépEidayasiubsidgtiietdstas a Spel

flagnmen( from pEITR1166. .vi eIﬁ%i th Lasmi dé%l’?‘TR 06. Priner sequences:
a8, cornart ke el SR S LR AR e BB 500
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 polymorphonuclear cells, increased binding
to monocytes, increased direct signaling induced apoptosis, increased dendritic
cell maturation, and/or mereased 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
engineecred 1o express at least one nucleic acid encoding a fusion polypeptide
having GnT III activity and at least one a nucleic acid encoding a polypeptide
having Man JI 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 inchides 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,



GCGGACAGT GGCTGGAGCAGGEGT GAGCCAGCACCTTGECTGAAAJAGCTTTGTG AACTTTTCGC GAB- 254:
TCCGAAAAGT TCACAAAGCAATTTCAGCCAAGGTGCTGGCTCACCCCTGCT CCAGCCACTGICCCC GAB- 255:
ATGCCGCATAGGCCTCCGAGCAGGACCCC pET. R1519: Conbi nation of the hybrid manila: T™M
fusion gene with the replication origin oriP fromEpstein Barr virus.
[02141Usi ng the primers GAB-261 and GA3-262 a 2 kb fragnent containing oriP
was anplified fromthe plasmd pCEP4 (] nvitangen). During this PCR reaction at
both ends of the fragnment Sspl and Ec R sites were introduced. For

sequenci ng, the ori P fragment was inserted into the vector plCl9H After the

correct sequenc confir ori r.ted as Sspf fragnment into
t he vector pETR fegl i;‘ﬂg‘%‘i"é%ﬂ% %%q?s%’%ﬁ %Y?\g&%“en%@aéﬁageﬁfo 2&8nds filled in
usi ng Kl enow pobgdmpma)wngWH&Wtluragactd[hamiﬁypirefmsiedb@dngemaﬂcd pETR1507. A
Spill / Nrulmangj-C nTEl .expr 1RSI0 H@s inserted into
pE 11<1507 di gegk{mé)gp\?\%yf?u%b%mﬁ%se res&?écepl on P@c}ﬁﬁﬁd eases giving the plasmd
PETR1510. - 81- piefered embasiguesh dles fusi@ABelypep@e further comprises the Golgi
CCTAAATATTCAATTOGl FEATGTGTMACECTT FRRROR Pt
TAGCARTATTCANTT R L o A e o ahin ETRIBSY . Combi nati on of
t he hybrid nanl ﬁPlgGP%Wﬂaﬂ¢W@WHW°@&WP{FH@&?%R®Q3(&@1 | -surface marker
gene [0215] The g@%@ﬁ%%&%yecior Washoledi fied fag Ezgqlﬂl tional

r

expression of a trincated cel | -surface marker_ gene. iefly, the hybrid
mant | - G nTDI fu%‘i%’ﬂﬁ“@f@ﬁ@“@%‘iﬁ%Bﬂ“’é%@tﬁfcésy\]/ﬁgsf?fﬁﬁ\%?F‘@Hy om a nonoci snoni ¢

to a bicistroni @ol@pepuic&ﬁﬁ:ﬁmemw@totﬁmhipnwambﬂmab@@m&ﬁi&aﬁam of the stop

oodon of th nl1-GaTl| fus foI | oned by a
ﬁ%ﬁi % edmﬁ h’nﬂérefﬁ{%pr Ot & eﬁmdtlo c%mgz%§1 5

cDNA engodi trunca e *human CD4 | eader
sequence for sedaratostosll, ﬁmmn@medﬂtmyngtahesttmrﬂbme@mqunsacel | ul ar

domains) . 3. Tt aRGh&ELIadodhe MBHTRLADHGSlaliSe WAk il ahd at lehst fd§! on- and
nucleic acid encoding a polypeptide having Man I activity under conditions
which pernit the production of 4 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 mmunoglobulin, whersin the
fusion polypeptide is expressed in an amount sufficient to modify the
oligosaccharides in the Fc region of the polypeptide produced by the host cell;
and isolating the polypeptide. In an additional embodiment, the host cell is
further engineered to express at least one nucleic acid encoding a polypeptide
baving GnT II activity. Preferably, the fusion polypeptide comprises the catalytic
domain of GaiT. Also preferred is that the fusion polypeptide further comprises
the Golgl localization domain of a heterologous Golgi resident polypeptide.
Preferably, the Golgi localization domain is the localization domain of
mannosidase I, p(1,2)-N-acetylglucosaminyltransferase I, mannosidase [, B(1,2)-
N-acetylglucosaminyltransferase II or o1-6 core ficosyliransferase. Preferably,
the polypeptide has increased effector fiumction 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 F¢ region of the polypeptide. Preferably, the bisected,
nonfircosylated oligosaccharides are hybrid. Even more preferably, the bisected,
nonfucosylated oligosaccharides are complex. In a preferred embodiment, at least



ant i body- expression vectors Tranafection of BlliC cells [0216] Exponentially
growing cells (viability 90-95 %9 were seeded in the appropriate nunber of
T75 flasks at a concentration of 0.9 it 106 cells/m 24 h prior to

el ecroporation. As culture nmedium Invitrus (Cell Culture Technol ogi es,

Swi tzerl and) supplenmented with 10 % fetal calf serum (FCS) was used. Cells
were counted prior to electroporation. 8 x 106 cells were harvested by
centrifugation (5 rain, 200 it g) and*the supernatant was discarded. The
cells were resuspended in 800 Invitrus nmediumand were transferred to a
sterile electroporatio e 4 ¢m gap)..al ready containing 8 4g circul ar
pl asmi d DNA andg?rﬁ %ﬁ@% %’;Oést" /g °£n%ﬁ ‘gﬂﬁosg%g‘%ﬂdfse’r‘?ptg? gff Jregon Tﬂg}ecel s were

el ectropor at ed pypaprida ailcbiRectdd) Honfatosylited Bipetalprefiredis thrabduodkwi ng condi ti ons:
400 V. 960 )i f wit Q.4 wQ,pul, i, d r AfLer.the

el ectroporat i ong\%}ﬁgoéggl/‘gmvé?%ﬁ’i%{f?@\?@%s °’g§ﬁ’s?/5??’§%{ﬂ’8}5ﬁ’tgg/g T25 flask
contai ning 5 n 994 ofdustofjewwechazidesumtaf Faregidurotithe gly@Efineaipoly@tides 1. 25 % (W)
DMSO) and were bﬂﬁ%?&%@%v?ﬁﬁoﬁ&%biséc%;m}:ﬂccﬁyl %-O2- at nospher e incubator. For

production of unno (nongl ycoengi neered) anti bodi es, the cells were
transfect ed¥l y wi thanaddifipnslyprefemdessodiment dietpersant mpgtion pevidss oduct i on of t he
gl ycoengi neer eduaithd RHGRS enghBRedC:@lok@EngdOhe mEfods bARSH 8kt Getoh N two pl asm ds,
one for antfbody expres |é)n apd t he otgher of fusion GhTlIIIl pol ypeptide (SEQ
ID NO 15) expr SF’B’F‘??S"‘;P ! °®%f 3:1, respectively. Transfection of

| | EK293- EBNA129¢! | s [ 24n7 lddai eHab ndnibadlingnt 0 rteeM ifigeniidnl G28hdr RiRvAdegel | s wer e
transfected by the cal.ci.um phosphat e. net ho Cells were gro as adherent
nonol ayer cul tuPhemémﬁc?luufﬂf?%@ﬁlgmgg?merﬁ}Ef\ﬂncPﬁdtwﬁFnémr?%r |al?°n‘%q‘i,m&\§€| enmented with
10% FCS, and wethe metbodsfaf, the eplespiemvantiy \Rreferaljmt the ephaBircautich 80% conf | uent .
For the transfegii.Qfs : - b L ded 24 hours
before transf eéﬁ%@%ﬁg i)g&lg- Iléﬁql%lfli/leM ctiljoln'fé 8@%1{8%%%%&%%%%?@5 wth FCS (at
10% VN final), 25%Tug/ nml neonycin, and cells were placed at 37C in an

incub?t or \é\iolfma |5%'I@5¥1_ va%wm%ggg@rma btfonﬂ%%at&a&fafaazgerd‘ubgsk to be a7 i
transfected, a solution.q and wafer _was prepar y m Xxi ng jig
total plasmd vB’FPﬁrmﬂRﬁ?mBZ% TYE Ba*-hmet%‘éy &8oHYg g‘ﬂ‘,’ Taf’ltgg‘&ddi ng water tc a
final vol une of pkkfifactubical E@mpokitiens 8fthetirésentinve ion to b patibnt in nbdintedofHEPES, 280 DI M
NaCl, 1.5 2F20 | ut.i on H 7. d . m. X i diately for 10
sec and | ef ﬂg staf{é‘g%f'e%%%l?n eerrr%éeraaefl%gén%g?%g@g&ég%& qﬁ?ﬁ’e%ﬁggensi on was

di l uted with 12haringdfcraiBNic-reedisistl erthilar exdotoviidity iR 9hCSL, avreprigideled to the 175 in

place of the exighdift MR DagidedRd EPbdass ¥ lefot LACHRRIEH aRheodifi, 5% CO2 f or
about 17 to 20 hours, then nediumwas replaced with 12 mn M 10% FCS. For

m w pl ) :
producti on of uRASdrTd 2 ragt RBnIYleirasE fgioAiae Mo ude WBHT®S ¥ithe cel Is were
tlransfect ed Onljyen\ﬂ&t'ﬂ:lapﬁdﬂh&ﬂaﬁ)d%a]ﬁﬂ@@é}lﬁiﬂéieﬂbﬁted/&&hﬂfe%mu;ﬁ%nsfs%t@oﬂﬁﬁdUCti Oln of Ejhe
gl ycoengi neere ti i es e c s.nere =tr cte ith two plasm ds,
o P on ant: boay MBS FRjeelin e Pt} RO RN EELER a0 1 V0o e
expressi on, at snmuabglebubif, wherkin theegpressivn leedl yf ond\or bty f Galffostat Il ansf ect i on,
super nat ant was; A : t i 1.0 foll owed by a
isRAEUER ?oglgodi%%% or'i%hc%%{gﬁagg%% he FU}engBf o S

second Leotrifugation rpm an ept at . -83- Generation

of a stabl e nanPRfycathyéiabag collepdharaisihe Pobymentideips mersssed Hsorpfiated 02181BI LK cel | s
(13HI C21-13c) wesuglat dyRtbslcfEisacbshlyortle @RHiREOK; atd ihtink thbpddeptiaR1502 C2B8

ant i body- expressi on,vect Qr, i C nt ai ns .a peonygl n-resi_stance gene
expressi on cassgﬂ _mcreﬂ?@@hv@%@t?%gf@%faﬁ?w’e?ﬂa’n@én%@n?{w&f | ected to obtain
a set of cl onesembvdimehiachechresion ene ok BalT pheigeea e entibbiy pAEdEDO2 vect or DNA
Cl ones were the eened for .r L nant . antd b [ L.op using an EL1S A
assay. Briefly, %ﬁgc{:foiﬁarg%' ptotg‘}t '8 ut(-:-&gst r%%gr” ol%oor{,ag\}%ébuﬁoé%gguﬁfag Were counted and
the transfecti oicredstd Eimedigpeduelbilalevieteridityed by counting fluorescent cells of a
parallel, cgppjol e!ﬁeﬁcaﬁ&{@ﬂtﬂépme&omo@fopﬁx&%gg%&@%ﬁg vector. Cells

g

were diluted in Invitrus selection pedium containin % FCS and 1 ng/ m  of
neonyci n. Usual Payingjigsmmased gioqieriated cellulag cxjptpricity do g BoFt Gilh ROBRTEIREr ent
concentrations of viable, transfected cells (1 x 103, Sr 102 and 1 x 102
cells per well) and incubated at 37C until clones could be identified. Once
the clones had grown to al nost confluent, the supernatants were anal ysed by
ELI SA for antibody production ELI SA positive clones were expanded first to
24-wel | and subsequently to 6-well plates, and then to T25 flasks. After five
days of growmh in T25 flasks, the final antibody titer was determ ned using
pn ELI SA assay. Using this electroporation and selection procedure a C2138

PR, " e p— Y oA PN P~ P~




Generation of a stable mammalian cell |ine expressing a reconbi nant anti-CD20
anti body and a (MI1Ili-fusion 102191The cl one BPI: K-1502-28, constitutively
expressing anti-CD20 nonocl onal anti body genes and the neonycin resistance
gene, was transfected with the pETR1537 expression vector by el ectropotation.
PETRI 537 is a vector for constitutive expression of the Marill-GvDl gene and
a truncated formof human CD4, the | ater | RES-dependently expressed. The
vector also contains a puronyC|rt-resF%tance gene expressi on cassette.
Puronmyci n-resistant clones were first selected to obtain a set of clones that
had chronosonal |y integrated the pETRL537 vector DNA. Cl ones were then
screened for SLﬁ$h¥9§%$Q freeld snegisersy to expmss o l5pit grccyolepacidiersdPe whi ch serves as
a marker for eX@ﬂES&uqmehseuﬂn@Iﬁmtaae eﬁHo&h@M&Qﬂﬂt&dé{&Bﬁdmdﬁﬁchh +t CD4 gene

expression unit. Reconbinant od n of the sel ected cl ones was
verified using ReFEfRe BiRduplinof a }f P%F*F‘gf% 8‘ FEMRIESF B or DNA was

linearized wt hwbﬁlnmhbodﬁmdem‘ar ﬂiannﬁoﬁaﬂ@hﬁﬁi&haomcluﬂeﬂ&cacﬁmfaﬁpr essi on vector
was performed in pas clrblu]‘fn whe-lg&% %}gp%tl Beve fflomoer%g%g @FSGM%‘B@Z ned after 24

hours by counting ¢ ST éxpressi over 't ota of all cells
wer e expressi ngis EXEfynt wd&fwﬂabhtqsacyhavm ipthe BdBgoOrfshaeyyraftider transfecti on,

cells tranSfeCB%gduMbpttQ%%ﬁ%d seeﬂﬁgﬂal ﬁeh%ﬁabr@zisécﬁécqﬁeld{dfa?d at 1:100, L500,

1: 1000 and 1:5 utions a ates, I1n a final volune of
0.2m of sel ect feHHaFEgOGATY Pvﬁqlfrqi@emm@%w@sandmlwsfbwolsﬁmﬂéﬁyc| n, 1 En g/ird

neomyci g)f a Onﬁ'ﬁm%bgasgdﬁd-xﬁéd@até%}tﬂﬁhﬂuEMoﬂi\@@kﬁapMd dwEsRinRxpanded and
screened for trun t expressi on. and  ant spressi on.

[0221] For the stg?é’ %ﬁ Jﬁﬁf“f“%b&""&%%@%sd’ﬁe?‘&?@“l %ﬁ%&%ﬁel y 500, 000 cells
were washed wi ththeﬁC&ebﬁtﬂf 81 isachrasted Uibah ethowttt doffbiend to abdifyl € anti - human 01) 4
(Becton Dickins %‘M E-i n._l t.er washes cells were
resuspended in %%gs %%gthgﬁ?%ﬂgogﬁ §%°lﬁ%e?“&£&°d§ﬁ%??¥%3b§ié§y§ﬁ gure 17A-B). A
clone with a gowerraaxfir edypeptidel ley gicreakd FeDadistedsceliglsl atotdicftBBKa 1502- 28- 11) .

After 5 days Ofregﬁt%‘f"iﬂe n{o%ﬁ@a 35P1f3ke?a%i§ mbkxpPJsQ&llLﬁ%ﬂo%Ql&m@{atok CD20 anti body at
a final titer of 17 D? as determ ned A 4. Producti on and
ql‘

purification of Ctfdbe %T%HS@V%@@WW”&WWWWF% vesi zi n of
cul ture medi um{egalzaﬂmélpalﬂﬁpwdasavafm&b@;ef@ﬁlﬂ aletpfo@&&&eemgkcmt h an anti body

expressi on vect or o tr ecte tibho [ession vector plus a
O 1< Tits] on SEBPELEREI JEeF Beon HE LT B CTB AR AE SRTRS har vested_ af ter
cul turing the teandbectasl46,65)®, 5010, BH8HSDHBGr 9% pe&msrf Emfarztbty,thDependl ng on the
cxpect o0 P oduchiplalyadeel al SLS5LAIRL AL OIS, Lok Mty o0, o (e e
m 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 jnsect 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-Mannosidage IT 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
mncludes a region equivalent to the Fcregion of an immunoglobulin, wherein said

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



expression vector or co-transfected with an expression vector plus a G1TLII -
-85- fusion expression vector, the culture nmediumwas replaced by fresh

cul ture nedi um approxi mately 16 hours post-traasfection and the | ater medium
was then harvested after culturing the transfected cells for a further 120
hours. 102241 For the stable BIUC 1502-28-11 cell line, a culture was seeded
at 500, 300 cells/mM and supernatant harvested after 4 days of culture when the
cell density was 13 x 106 vi abl e cel | 9Pl and the cell viabili ty of 69%

Anti body purification 102251Monocl onal anti body was purified fromculture
super nat ant usi ng..t. sequenti al chromatographi ¢ steps. .The first step

cohsi Sred of - r OLEHAN K0 GHLG R SPGB oS 1 Aol St BHPBIEL | on ¢ hat

ef fectively sepafoaiic@s bpadhae celhdndiuman 1 gGs. This was foll owed by a cation
exchange chromat ogrgphi ¢ step.to exchange the . | e buffer to phosphate

buf fered sal i ne (PB%?.ls@‘fmégl‘gag%%"i‘%ﬁg?Fﬁ%’cﬁfnbé'ls?gg‘gpiegzzmd i gosacchari des were
enzynmat i cal [0y34] el easiEd fresenn ibheticant ialbo diregedbty FoNGesidés, gartjeddriyon, with the

anti bodi es bei ng_egit.her i oL . L0 _solution.
102271The resul tg?hﬁ)a&%’ dhé‘g#@@% “Jt‘fg%cggﬁltig?%{i[gﬁggf errézr%gﬁeggéeec Ul i gosacchari des
ei t her prepar edbdiling@s B yeshlb of sl Dpdiffedrliggacehadey 9¢ welbps thais ubauint her di gest ed

wi th Endol | gl yeQshdas Sontokiféns tPreadEBlders HaRiR @k Blids.f OF MALDI/ TOF- M5 anal ysi s.
O i gosaecharide reler-se nethod for PVDF_ nettibrane-i mobilized antibodies
[0228] The wells of a 96-well plate nmade with a PVDF (I nmobilon P, MIIipore,

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

——

[0135] The present mvention provides methods for the generation and use of host
cell systems for the production of glycoforms of antibodies, antibody fragments
containing the Fc region, and fusion proteins which aregion equivaleﬁt to the Fc
region, having increased Fc receptor binding affinity, preferably Fc activating
receptors, and/or having increased effector fimctions, including antibody-
dependent cellular cytotoxicity. Identification of target epitopes and generation
of antilbod.ies having potential therapeutic value, for which medification of the
glycosylation pattern is desired, and isolation of their respective coding nucleic
acid sequence is within the scope of the invention.

[0136] Various procedures known in the art may be used for the production of
antibodies to target epitopes of interest. Such antibodies include but are not

| limited to polyclonal, monoclonal, chimeric, humanized, fully-human, single
chain, Fab fragments and fragments produced by an ScFv, Fab, VH, IgG
expression library. Such antibodies may be useful, e.g., as diagnostic or
therapeutic agents. As therapeutic agents, neutralizing antibodies, i.e., those
which compete for binding with a ligand, substrate or adapter molecule, are of
especially preferred interest, ’

[0137] For the production of antibodies, various host animals are immunized by
injection with the target protein of interest including, but not limited to, rabbits,
mice, rats, etc. Polyclonal antibodies may be raised i 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



Bedf ord, Massachusetts) nenbrane were wetted with 100 id nethanol and the
liquid was drawn t hrough the PVDF nenbrane using vacuum applied to the

Mul ti screcn vacuum mani fold (MI1ipore, Bedford, Mssachusetts). The PVDF
menbr anes were washed three tines with 300 ill of water. The wells were then
-86- washed with 50 pi RCM buffer (8M Urea, 360nM Tris, 3.2rnM EDTA, pH 8,6).
Bet ween 30-40 jrg anti body was |loaded in a well containing 10 pl] RCM buffet.
The liquid in the well was drawn through the nenbrane by applyi ng vacuum and
t he menbrane was subsequently washed tWi ce with 50 pi RCM buffer. The
reduction of disulfide bridges was performed by addition of 50 pl of 0.1M
dithiothreitol in RCM and_ incubation at 37C for 1 E [0229] Fol |l ow ng reducti on,
a vacuum was appPPwes: f@eringRndha et saiceniRAuding brigiot LBty Bifdtom t he wel | . The
Yot hyl a1 on o L he. LYot aine. | 65y Ques by adar 1 an G 2o po1o. 10 | odoacet
oxynet hyl ation o st ei ne residues additiop aq i odoacetic
acid in RCNl buff®Fs "E’ﬁtﬂy PhEeh & P’S(ﬂ?c‘g’Lm*P]&E?ﬁﬁctPQWE}érpﬁ YEPUS I??P%ﬁ% dark for 30 min.
10230j After car b@xmebnmwuﬂhim kdyhdte Vildpkis haicgantly adiitraphérdal, vaauum and

subsequently was ti nes, w t.h e .PV. rrbrane was t hen

b oekad "t o pr opaRTly e i S 0 s ORI aablE Sl mlii ot e 100 | ol

(if ha 1% _zla_ﬂuegijs Cbp’habtmtmnop&rvml yAimgls pyr i indkef e g8.640 th¢ anttz.am t;—:-rr})f-:-r at grg f or
our . e ocki, m ol | owe

three washes with WBJEE%Q% at%ﬁi@%%géll’] rkﬁ &Eﬂﬁ‘%%ggg acc es were rel egsed

by addition of Prosingy Wﬂtﬁéfor E}'FSyQSG@Wa@EﬁCFVC{Y) rve@o?nmlwaqs - d ycanase,

GYKQ Novat o, EAknfiUnfloid adiahniShal)Has e shidiurbleahon mbiihie o renove any

potential charged nnonosacchari de resi dues, final volune of 25 pd in 20nMV
NaHOGB, ) pH7. 0) . SifSsq Rt e i petrimlhe bgosed ?‘ﬂl‘lyart% V3? tepEEmyThsacchari de

rel ease method b@suwesThipiaekiresnjigate iirttind'Oaajul 82 B2h Bata@esinédioand 50 jig of

anti body were dwath .5t NGaseF in 2 MMTris,

pH7.0 in a fi naF““@lB ""2‘5‘031!‘}8?3&1? g mngﬁfoa:%lﬁgi ?ﬂgﬁﬁ\fgg‘gﬁﬁcubat ed for 3
hours at 37C, Ussayd fEndxﬁgMzrcthsri désmnald al¢ gecstedomubfheRNﬁa;slﬁéaus el eased

ol i gosacchari de | gpsacchari de
strictures to N&f%?##(ﬁgﬁﬂﬁl n]gggt;gr%{a;{hﬂR gos 1!lgqﬁan 3%&& ﬂ(g‘l‘n’ bi

conjugated to different protein and/or through a different cross- lmkmg 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 et al., Immunology Today
4:72 (1983); Cote et al., Proc. Natl. Acad Sci. U.S.4. 80:2026-30 (1983 }and the
EBV-hybridoma technique (Cole et al., Monoclonal Antibodies and Cancer
Therapy 77-96 (Alan R. Liss, Inc., 1985)). In addition, technigues developed for
the production of "chimeric antibodies" (Morrison et al., Proc. Natl. Acad. Sci.
US.A. 81:6851-55(1984); Neuberger et al., Nature 312:604-08 (1984) ; Takeda
et al., Nature 314:452-54 (1985) by splicing the genes from a mouse antibedy
molecule of appropriate antigen specificity together with genes from z human
antibody mmolecule of appropriate biological activity can be used. These
techniques can be used to produce chimeric antibodies comprised of an antibody
molecule of other mammals ag well. Alternatively, techniques described for the
production of single chain antibodies (U.S. Patent No. 4,946,778) can be adapted



-87- [0233] The PNGaseF rel eased ol i gosacchari des were subsequently digested
w th Endogj ycosidase H (EC 3.2.1.96). PO the EndoH digestion, 15 rauU of EndoH
(Roche, Switzerland) were added to the PNGaseF di gest (antibody in solution
met hod above) to give a final volunme of 30 microliters, and the m x was

i ncubated for 3 hours at 37C. EndoH cl eaves between the N-acetyl gl ucosam ne
resi dues of the chitobiose core of N-linked oligosaccharides. The enzyne can
only digest oligoruannose and nost hybpid type glycans, whereas conpl ex type
ol i gosacchari des are not hydrol yzed. Sanple preparation for mAusur rl1/4
[0234] The enzymatic digests cintaiiiing the rel eased oligosaccharides were

i ncubat ed for a tdjtbdubesing(d chdin sAatibddeehavik b edsirdédipecHdily. t Thethvedtioaet i c acid to a
final concentratipn of 1 an re. sub uent assed through 0.6 m of
cation exchangetﬁr:glgﬁ %%ﬁ@%%zﬁgs%ﬁ%ﬁﬁﬁ}%g%’ﬁ St ry%ly&ieﬁﬁ??% nmesh, Bi oRad,
Swi tzer| and) paekediirigng te aethbdsrof the ipesapinrentdr. dleeiinggesafphyenaatingnm ( Bi oRad,
Switzerland) to i rotelns., . ] i f thc resulting
sqnpl e was appl ihglgggﬁ)z\oég%n%s %%%ggggsse?’efgﬁ&%%pﬁ%j&%!%lﬁ%@?‘cgéiﬁgs%(l) t>(§ed on the plate
with 1 pal of sKEpd efnitths sutires@itend{ whith drxinwepsraped dpyein indbeiyyntaity sol vi ng 2 ng of
2,5- di hydr enzoi g.:aGi : f enidlB L ldeGylhGesaCcid in 1 m of
et htnol | 10 %yﬁqueou%ﬁsﬁgdg%%éﬂt% g?li dg&tfglw%\l/\\(/) . %éﬁ%{;ﬁp@ﬁ%&?ﬁﬁme air dried,
0.2 id ethanol WEScURYpHretimaphiRepmaedhyippesteshaigeess Forsrigrlartdwed t o
re-crystal lize waggntsahddelbitalont02361 T, ERnahORvHidSGnRECt r ONEt er used

to acquire the nmass ectra was a Moyager, Eljt Per spectve Bi osysteras) The

i nstrument was (RB’EPCQEEWTWW?“?’}W m&@ﬁ?%iﬁf@?%?ﬁcsﬁ\%%ﬁgﬂgﬂ“accel eration of

20kV and 80 us delcayan bExheantadly redakinpthadisudiie sigag bé F(gds apaletat | de st andar ds

was used for nas i n f. the | N fiarn 200 | aser shots
SRS ool el 088 e G SRER G 20002

were sumed to obtain epar ati on
[ 0236] Peri pher al24613641 (880 trudlowarpid edd) sgsy(ifBibrtionerfanopediqral Bt usi ng

Hi st opaque- 1077 g oh B8, ikhR ARGSE LSsadifG the Shget frfbth S5int¥BE3178 USA) and fol | owi ng
essentially the manufacturers instructions. i'n brief, venous bl ood was taken

with hepari Hl48d syrPuseasatibetnop sribade@enerithes er deptdr rodickun for 1 minute

at full power i moRitidibn tOhd RGEEARRN hRBPLE 6QIASE cSingAkMicatidki | | er cells (M)
in the blood. The bl ood S g‘;fldyfﬁyﬂe -1.3 not containing Ca or

b
1.0, 75 ith PB
My and | ayered SHUBCSY X W%fﬁﬁgﬁ?h&lﬂ??ﬁfewmgfﬁ'f uged at 400 x g for

30 rain at roomtenperature (RT) w thout breaks. The interphase containing the

PBMC was col | ect,ed afidleraa 08 et bk 1ROBEh (B iuitloh OPBlotefe Wi AR t WO gradi ents)
and harvested by ceutdotyigiet p@Rmat 300 x g for 10 minutes at RT. After

resuspension of the pellet with PBS, the PBMC were counted and washed a second
time by cenfyjfiugatinn ale 2909 Io%esflﬁ’o -ﬁﬁqlue&gr% sBh sﬁréﬁgs fPgeCel I's were then
resuspended in’the appiupii at e ‘medium T or e subsequen procedures. 7. NK
Cel | |sol ati on generationof proteins having modified glycosylation patterns. In particular, the
] present invention provides host cell systems for the generation of glycoforms of
proteins having an improved therapeutic value. Therefore, in one aspect, the
invention provides host cell expression systems selected or engineered to express,
e.g., a fusion polypeptide having B(1,4)-N-acetylglucosaminyltransferase I
(GnTMI) 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 ahost cell that

has been engineered to express at least one nucleic acid encoding a fusion



[ 0237] Human MC cells were isolated from PBMC appl ying a negative sel ection
procedure using nmagneti c beads not binding to CD16- and CD56-positive cells
(MACS systemfrom M | tenyi Biotec G abH, 51429 Bergi sch d adbach, GER). PBMC
were washed once in ice-cold MACS butter (PBS containing 2% FCS and 2 nM

ED FA), resuspended at 20 Mo cells per ral of a 1:1 mxture of FCS and MACS
buffer and incubated for 10 min at 4C. The cells were then pelleted and
resupeaded in 80 41 per 10 nillion celfs with MACS buffer containing 10% PCS.
Then 20 41 Hapten-anti body solution per 10 million cells were added. The
cells were incubated for 10 mnutes at 4C with repeated swirling of the tube,

After two washe8olieptifepyds BolypEpceylplusesapigpigpnsterpss i ERITDASEY | ng vol une, the

cel I's were resugReRLeskidgthd\ES 1QulASh iRt 8 IMRh1EBN CfigprdldentO Ml lion cells
per BO 41 and 20 pl gnt ig[hﬁapt en- m cr(l)lbgfﬁd_s pe_re 10&g(r_ari 1 orr1 cells were added.

The tube was i nEYBREPHY: 18°n9 BSPRLAHE Best call 1n engfpeprrd Fatb @ UEEC S6fr 1 i ng of t he
tube. After oneméR&he WniphsiMALtTFedstidnt @énctehRrdieg b fSsiongloBpépiadispmpded at up to 100

mllion cells i -89- 500 pi .MACS buff | paded onto.a_ LS MACS col umm
whi ch was pl ace8(1i4pf§'9éa°ﬁ?’ ﬁll“‘-“%ﬁ&&)’l é‘fdg{]qﬁ‘%&i’tf‘?ﬂm%tcgﬂpwnﬁli‘% m MACS
buf fer. The col Gaigi badizanes frachinwfi het@olkgdds Gblgivisibntpalypeptide. The cells in the

fl owthroug acti | SU I NK cel |l s.
Purity as d@%{gﬁm ne%@ﬁﬁ%&?g@%ﬁ%ﬁ%@ﬁ%@%ﬁ Q‘g‘%ﬁ“‘@? ADCC Assay
(9238] PBMC or Nruginger thefhpg eelinevaditiepregpetiaveptianp Brapeefered dobrdinidgbd above. The
effector to targabkial gk e NED cdisaPeio 4dis I Al aBMhsam&ksNiose! | S,

respectively. The effector cells were prepared in AlMV nmedium at the
appr oprii at e con&HPEAtals FER wellsy Bfdt-C4 erllserdvbrtiopp cgllerothigemmgtlian ound bot t om 96

wel | plates. Tacgelyeftlelisinkeel cells)BPlaaintiishRabalss Metatkanil &lifnte Nanmel vva B

| ynphoma cel | s gown in DVEM cqnt ai ni 10% FCS. . Targ ells were washed in
PBS, counted angenlgr@%edgepe@ﬁla%eaedi Stﬁfl&%%ﬁtmv@@"ﬁ ﬁef%nfg(e%’ﬁf #+in order to add
30000 cells in M@reFenpls NTPEENSclober AN3) beidefesnate cieeddbdraii)dthei N Al MV, added
in 501.0 to the REE- . ar ' to bind to the targets
for 10 m nutes at m@%gﬁ%‘%ea%g#rg%%%?mce Ibgu\}\‘%%%gadded and the plate was

i ncubat ed f#144} hourlde sversipisi cantembiaieddp pricergipass wyshpesersd besheadls ni ng 5% CO2.

Killing of targeinaehd S SR 1, IR any1daAGdAL © dehydr ogenase
(TDB) rel ease freigrrn &téri age oggfplgs usjér?(q%the t ot oxi ciyty.Det ection kit (Roche

Di agnostics, Relf d&mtID &wivity epd Spraprisingsthe Solgh docallzging, dymimyphati on t he pl ates
wer e centrif agetetéblofROG¥lgiresidediChoPheptitae demik@ldreid.r om each wel | was
transferred a new transparent flat hottom 96 well .pl.at 100 ill col or
Supstrat e bUELY 1+ Qe PR Poais e EehendRe AR IR e BVER L W al ues of t he
c_oI or _reacti on Wﬁaceyldbtoemﬁlﬂe@skmedﬂ((ﬁﬂmact?aiupiardcamlnibﬁ@theicmgior at least 10
min using SOFTMRRROnSREbNYrS {MUGOW Sip DENAGE oty by Ki2) Be CAO4089, USA) .

Spont aneous LDH rel ease was neasured fr Ining only target and
effectgr cells PBPresive st theroay<d of 2 cRasiiurgprometegersdtematelydgtalattined from wel | s

contai ni ng onl Y ckpdsGi syR@h. Sui@he rebfatdd dxbogio syths iidRii6, Bai @it Of speci fi c

ant i body- nedi at ﬁ@ﬁ# | 1] n%ﬂy\/\&%ﬁcal cu%at ed.as foll ows& Q&éx & _ﬁR)/(I\/R - SR)*100,
where x is the 8t 2 TegulatEd PP PERSOD R T S ey et ent r ati on, SR i s
t he nean of VMaxxpodssitih®staporibasvwenh sxpresdieageeng pgldvbottisoitieiucitlan of Vmax of the
maxi mal rel ease, & i ndi NK;. ¢l | 9].Ereshly |solated NR cells
were centri fuge?p%s%&n%gaag é%%er)%%&%#g&ﬁrzoﬁngge%ﬁt hhm% 09% (wt/vol)

|l actic aci d sol oelabeihi¢neponataipdngids expBsspysysEal If gorerd differentmpclgincubat i ng 3 x 105
cells/mM at roogienperatibe f @lsion M g,g%p% ided O rERRYE NKqGshl - associ at ed- 1ga
(De Haas M, .1, Immunol, 156:2948 £1 9 )?ﬂ [ 0240] Cel I s were washed two
tinmes with PBS, 25tvigcesaainylyapsfargse O (GRHIRZCHdty apd cooprisiahtte £9/%n was adj ust ed
to 2bx 186 _celhl g:lcﬂ%aﬂfﬁd&ﬁﬁa' on.h&goB%AsG&gi?és%e&@dl Typkifti @zZar e tBmpsed f105 ggl I's were
i ncubated wit _ .3, ugi anti body variants for mn at
4C. Cells were W%ﬁ%ﬁ“ﬁ%ﬂ"ﬁ@ﬁﬁ&%%ﬂ ﬁfﬁ%ﬁ&@“ﬂ?‘ﬁ&ﬂf’&‘%& det ected by

i ncubati ng W t hechst2@iye piomoters s7bidd athets ae sy anlat the @otngl ofyadgetlted ( abl) 2 goat
anti-human 1gG (Jackson | nmuncReasearch, Wst G ove, PA) and anti-human
Cl)56-PE at 5 p.1./ 5 x los cells (Br) Pharrningen, san Diego, CA) for 30

m nutes at 4C. (Shields R et at




Bi ol Chen 277(30):26733-26740 (2002)). [0241] The fl uorescence intensity
referring to the bound anti body variants was determ ned for CD56-fr cells on a
FACSCal i bur (Br) Bioscience, San Jose, CA). 10. FcgammaRI | b bi ndi ng on Raji

| ynphorma cells [0242] Raj i B-cell human | ynphorma cells were washed 20 min at
37C in PBS (concentration 0.3 Mo cells/m). Cells were then resuspended at
2.22 mllion cells/nml in PBS, 0.1% BSA, 0.01% NaN3, and 180 ul added per FACS
tube. Ten-fold antibody dilutions (0,-®.1, 03, 1, 3, 10, 30 [igim) of
L19-unmmodi fi ed and L19 gl ycoengi neered nonocl onal anti bodi es were added to the
Raji cells and incubated at 4C for 30 mn (final cells concentration 2 mllion
cellsiral). Aft ermoigo Thankamal cipraeion lofel ispepsideetie bethe yghektipossiplenat e- conj ugat ed

Flan') 2 goal antdvburaasl 6l Jacksen dpamneeaseandie Yoghniove, PA) ves

added to the cells and i ncubatéd at 4 After one wash, cells were
resuspended in @¢5sHefmBgE ‘GHIBVBVBEAateOméM I‘béldretf’aﬁﬂe‘it BURgF TouBAcescence i ntensity

referring to they mﬁ&ﬁaﬁb@lﬂiﬂre@mﬂllmgé&em&ﬁﬁ%@nm &mgndﬂ% on a FACSCal i bur
(BD Bi osci ence, n Jose for living cells enent dependent
S b o

cytotoxicity asda rgeter ey Sr‘é“méd‘ﬂﬁ?%’ﬂ gériict h PBS,
resuspended in @blboﬂse);‘hc(elhﬂﬂﬂgtmmm:)avmtoranmﬁddywlﬁ&oﬂ@eﬁﬂémghmao rti cells were

plated per well afI t,_bott tLbod utlons wer e

prepared in Al M(\}E%poﬁ’pgpgi e%vmﬁgnnﬁllﬁac%%w’% ?tan Rt Boe uecse were allowed to
bind to the cel Iasdlﬁrobesa@ﬁquxme@sne&ncodmaﬂwp@!mﬂahmGnHUImnwsfer um conpl ement
(Quidel) vas fr easch paneshe ghiattedudbdda il Miialhadded 1n 50 ul to

the wells. Rabbit conpl enent ane Labor at prepared as
described by théerneivatrids taveng, Oafilll @etedty, v fspyrepgerthet TIK/a‘é?Y&yadded in 50pl to

L hfe wel | 3 " ?s a»tgt@xa%ﬂvak,,al&aﬁrﬁh 10§621Wh§b§§1n¥1\ﬁ5 ﬁoﬂ?ﬁ%&%r&dﬁ&s@fo LHP gt f 5602h t
efore addition tao assa assa es _were i ncubated for a
37C. Killing of %e&nr ﬂle éﬁeﬁ‘% V%F?E’égﬁ yr%“ﬁ?ﬂﬁl?sé"ryé"&%‘@ Briefly, the

pl ates were centmeﬁm.lgedxeaihcradaei ) gecé;mcsr b’imingrbr Mw&dlefﬁﬂtbﬁlﬁmaﬂicant per well were

transferred to a w 6 I ssa gent fromthe
Cytotoxicity Kit %\Neregﬁg @yﬁ ?('3?1 c ndte“élgluree%n vm%th the FLISA

reader determ nenbOtth a\/ﬁmem}ldc rve&pﬁnfﬂﬁnagnvxm Imay Dl wsehdera futhéron i n t he
supernatant. Mg dfid 6 8956 WAPnAPb G H:AR 1Bked BAHHRL AL R cells Tn

presence of 1% Tr| tion X-1
expression levels of the fusion polypeptide having B(1,4)-N-

acetylglucosaminyltransferase I (GnTII) activity and comprising the Golgi
localization domain of a heterologons Golgi resident polypeptide are determined
by measuring a signal correlated with the expression level of the reporter gene.
The reporter gene may transcribed together with the micleic 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) or by a
cap-independent translation enhancer (CITE). The reporter gene may be
translated together with at least one nuclejc acid encoding the fusion polypeptide
having B(1,4)-N-acetylglucosaminyltransferase III (GnTII) activity and
comprising the Golgi localization domsin 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 imto an RNA molecule which is alternatively spliced into two



Resul ts and Di scussi on [0245] d ycoengi neered versions of an anti-CD20
chinmeric 1g-GL anti body (C2B8 chineric antibody, also known as rituxi mab)
were produced by cotransfecting cultures of mammalian cells with vectors for
expression of antibody genes and with vectors for expression of genes

encodi ng various pol ypeptides with CrnTlllactivity. An unnodified

(non- gl ycoeugi neered) version of the sane anti body was produced by
transfecting manmali an cells only wi t-h5-t he vector for antibody gene
expression. The transfected cells were kept in culture for at |east three
days and the secreted, reconbinant anti bodies were 5 rified fromthe culture

medi um by Pr ot efeparate HF#SWF%%N%EWM@@}PC@%WW LUSUTR mR¥Asgenes - 92-
eacodi ng pol ypepfkides in hé rfdrad FroteRC tldihd MudlidiRRkeRMBRARY0ST ONi fi cant
effect oo cell VI ability, cell growth or antibody production, relative to
cells not pr odudq! wEP tdech pol ypeptides, [0246] The purified anti bodi es were
ItheE Sna: y-[ged] f or H{j@%d&al@iﬂﬁﬁﬁt&)ﬁbl&tia@ﬂh eﬂ&idﬁ:@&li&mnfbﬂ@%e@u@]%abﬁgﬁdi ﬁs carry N

i nked ol i gosac j de ttache 97. resi.due o e human 401 Fc
eghon. The ot ok erge PSS ety TP R ERE G PR ant | bodi oo by
PNG aseF di gest Gapgi lacadization dommndosﬁqhﬁmbﬂogoualﬁhlgymdcnbymwﬁﬁhdﬂré TOF- M5. Usi ng
this technique, r.m f i fferent

. . ng% estef, &89%%%%%4% O@g{%&%t& Gre ibed s Qe of

ol i gosacchari de ecr’es” w or1ginal Fc-oll gosaccharl de
popul ation, andasisevejaEmBNAmojsgLesi Hﬂ@yuet@s@ibgiﬂssmswmﬂ% fferent peaks

in the Spectra B flgebfA codtag sEudd Whaeea Bt /R Abmat 485s046- 180(1999)) .
[0247] Figure 1 shoﬁgﬂthe neutsﬁaltll c%ﬁ?gg%accharl de MALDI /Td):S IvlS profiles from

t he recpnbi nant <Y I ERED cepbopidmpiat Fyestion,epsa - hEbdié®d i n BHK cel | s.
These cel | s wer gaf bambRicéBlomva lshgla PrdnkdOs Yint@ XPRNA ShadtuM &idhris PETT21502.

Figures 2 to 4 e co 0 rofil e 0 ) anti body produced
by BIMcells ené&ﬁn&ﬁepﬁphwé’ﬁ%ﬁ%’cpg gE'aiigz)l FEEER &WW&&“& des with CCM
activity. The pwhiththen arerpadhitgyusiaged ite deiuredpsctive @mdbdlﬁsimlym&ptﬂemucl eic acid

encodi ng wibelet YPe kil BlEs SRY L0 LB BRTRLIAR Ipe profile in

Figure 3 results fro use a nucleic a enco iisim
pol ypept i de conprient fgtherenetiion N it aribedis, hauwnqr@wrmcqmm n of GnT1l

fused to the C {8603 GBityC %gn‘ggé’qglk—g a@fvattigir& eftdtS 00 mGRAG Was expressed
from vector pETR1425, The profile in Figure 4 results fromthe use of a

nucl ei ¢ acid enﬁfgﬂﬁ%ﬁmﬁw’ﬁépﬁﬁg*ﬂﬂﬂ%ﬂmdd@wp?ﬁﬁ SUETRY. N- t er mi nus t he
| ocal i zati on domahd%t@ﬂm@ﬁds@dnsﬁstdﬁ’ﬁhmbdﬂaﬁ@de&e&mide)ectfedlseﬁlarésﬁ) the catal ytic
dormain of CruTlll, . Thi on ne sed from ve pBTR1506.
[02481The unmodf¥i%Ed*4Ht %W ‘Hg?%"%ﬁ%ir ey d’B"s“B%“c?Faé”? 8‘5pr ofile (Fig.
1), with peaks glrcofifias maﬂﬂm@ alphg $4B8 Bt ledkbekB naddc i@l repngnglugiomsi stent Wit h

bi ant ennary, Coﬁcﬁ]pfe ﬁawn% é’?@ﬁg @qﬁp 0, 1- and 2-
gal act ose resi dues, ﬁh?gspec??vyﬁg%lkﬁl&sgé#%go I egﬁgre ouévgyf or the
Fc-regipn. ol | ggsempnsion deSolg IOH%ﬁﬂi@nswﬁ%?fédergm%@plgwaﬂ@s produced in

other standard pg ?&Eﬂdbaﬁondeﬂﬂblﬁﬁléﬂt,%ebﬁﬁkéﬂs?dtéﬁﬁ§t§n§ﬁ&e@vﬁth@@-ﬁas@nd nouse nycl ona
cells (Lifely

co y. 5 3-822 (1995)). ENngi neering
of the anti body°’1§’r”8‘aﬂf:?% mﬁ%’l“l(gss"@yfu%%p‘fngggﬂ % 1%!;11%}6 FW&’C@TI 1 |eads
mai nl'y to bi sectelisl are celecediue disytfatueidisolgo ciplee satbitaht @praartye fakibgosacchari des

(Fig. 2), wth tios of 1689, 1851 and 2014 being the bisected
counterparts of gﬁﬁg&ﬁg#%ﬁé&cﬁ% fucosyl ated ol i gosacc. hari de peaks found in
t he unnodi fIPE8] ant i Bad{pe E"ﬁglwrél@ﬁli Yy casf betubpd aglreck spvdg tosnaiehgcthng cel |'s by

expression of apqeh &hs oﬁﬁé&a&ﬂ%@@hﬂ& ﬁa@x@féne@@mﬂo&&éen{ @ﬁbQ;@usEJO' ypept| de,
where the GhTElI| catalytic donmain is |locali7ed via the GhTl Gal

gl
| ocal i zati on doRENGelsal el Sird s NAmel s e H3E63 Wokp PEXOBR ant ennar y
ol : gosacchari gesené H'BRecIEQER&G&EHsIoﬂﬂ)bnf&&&Qd&ndbel&?iuln?lﬁnEélE ye&li govvever
relative to the t e of a [ on | eads to an
i ncrease in bi s‘é§= Mﬁglﬁq P‘u%%ff‘? bﬁr’l’ﬁfggl bl Vs bae kﬁ?ﬂjlflff L¥ructures
(conpare the prﬁmbdrtdinﬁnm&rcpﬁﬁﬁSam&sd‘bnﬁﬁinsﬁ&aﬂlﬁﬁém adiB dfodidB26 and 1973,
relative to the total, between Figs. 2 and 3). The synthesis of bisected,
nonf ueosyl at ed and bi sected, hybrid structures results fromthe conpetition,
for GhTl-nitodified oligosaccharide substrates, between the reconbi nant
@QuT11l1- catalytic domain and (i) the endogenous core,
al, 6-fucosyl transferase, Golgi a-mannosidase Il (Manll) and (iii) GTII,

since once an oligosacebaride is nodified with a bisecting A eNAc added via a
Gatti-catal yzed reaction, these three other enzynmes can no |longer act to



10201l n contrast to the other ernTDl activity-encoding nucleic acids used
here, engi neering of the antibody-producing cells by expression of a nucleic
acid encoding a Mankt - GQuTDlI fusi on pol ypeptide (SEQ ID NO 14), where the
Garll catalytic domain is localized via the Mann Col gi | ocalization donain,

| eads mainly to bisected, non-fucosylated and bi sected, hybrid structures
(note pealcs at -94- raiz 1664 1810, 1826 and 1973 in Fig. 4). Therefore,
relative to the wild-type GhTfifr and to the GaTI-GnTlI Il fusion (SEQ ID NGCS: 12
and 13), the MannCnm 1111 fusion was note efficient in the synthesis of
Fe-attached bi sected, nonfucosyl ated and bi sected, hybrid oligesaccharides

(conpare the proportions of peaks wi mz of 1664 and 1810 relative to the

total between Fi“’ggl?ﬁﬁl,%%ﬂ%aﬂi? Cﬁ?’.mﬂﬁ(’%’r 1 eEHEnDS e KBl ¢t ed,

uon- f ucusyl at edid=Bumekibigtisat € Aaioh peSinties indiudey a tdptmeithalaxptheFsi on of the

nucl ei ¢ aci ds encoding.w | d-type TM. the TI GhTl E fusion and the

Vani |+ G fus e o e e i G B Rl SRRTaE el U o

bi sect ed ol i gosdasvhhdrmdégenpréicietzat sertting the etihodyedhigh eacifinon- engi neer ed)

anti body. 10250 : ing.t [ | 50 asi on construct
E;r‘o&&g%ﬂés il the r%%g %?‘gg t%?) t(? 3%({)%¢gl|edﬁ‘g‘raﬁ alu M‘vg

in the antibody-producing ce _ reases I n the proportion of
bi sect ed, non-f eEersimeat plybolimpesbliee arsstess rartgnler apiehodyrd mimaest i at ed by
expressing the WapM Ghdblofld &AM rtb GhnctatOm: Lot RETRISHS) Wi th an OnT for
epi sonnd replication in transfected HE1C293-EBNA cells. This expression system
is known to | ead#°hi gh | evel s of expression, and was al so used for

expressi on pid4g%j he ark bixodibogiag Shef Hucle: Vaad @todig HRLBAELdy, Highoad) i gosacchari de

profile fromth urffi - unnodi fjed (non-gal ycoengi neered), anti body expressed
D hi g | evel s aBRl & e ATPES s Gl S IR0 MORRET SR o8N 1 Y P
typi cal ol i gosaewstibmiattdrapsiesfed fingo the hdst asldn arhli cslé clomed witl wetomy btaltled ol | gosacchari de

peaks having 0, oL.@a0gBogH-AEtiniaresSted WRScbSedir. sERMMRLiblgS- 1 and 5

showi ng the sim’ar oligosaccharide profiles of the unnodified antibody
expressed i n BE@RMeRiranstegsed with glyceprisin-madibing elysesPERPGBsERIESsieR| | s) . Engi neeri ng

the anti bodypr oduirtgntaitink Suciclabidd N A Ghrek £nA¢ (4] 2 SO P tadbe Manll- CniTM

fusion expressed, hi gher levels in this system|ed to the producton of
anti bodi es wher é’“{?ft{@a I%P‘iefyfﬁ\{“dfcﬁ?‘“émﬂﬁ@é%ﬂtfo@a@ﬁ% PR (R2 bi sect ed,

non- f ucosyl at ed fi®e pollpegtiteavith, beiah i galabtbSRahs@aase AT eagydradyed hybri d

ol i gosacchari de_peaks, at,. rai z 1664 and, 1 t oget.her canstitute over 90% of
the total oli gog(galgpce%éiﬁw%s O.Efjﬁ : T’ﬂ%mdﬁ%ﬁfagﬁ;ﬁg%%g@gﬁé%?ycosi dase H
(EndoH) was usedolimptslomith inTHllaetivity gidg fimtbarpolypeptidsvgleerdthetnam-of ucosyl at ed and
bi sected, hybri @?§h&y&ﬁ%gﬁdg%§%%gﬁgpm&bg%% e GiRf4 ¢ Peaks observed

in the MALD1 profiles. e MAL M5 ‘neutral oligosaccharide profiles of
PNGaseF- and of actvis Closgiasrehad e geistrsmed oy tehlssxperaronpéde f r om an anti - CD20

chineric 1gG aadtibbdhicodii O géiee tht DiyveldEKAS3: ol high OhniisNgetiger ed by GnTI Q( M2)
over expr essi on, are.sgown Q?.;El sg#{e 7. The Fg%lk t |ntk, 1664 can be assigned to
two different gPYSEHERSSZRE NP nEHr GPFEmabe PnFEFPI=BIRBE Bl or

nonf ucosyl at ed elpopiieansferngrpeins sieapredion Ehds ldadidges andifiefoned thuFes show t he sane

i gestion of t heeRRLEAFRAIP AR, FOREhES, SRTRRSH doBenll A8, 7Y, 10eel The

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-FoyRIIl binding
affinity, and an increase in Fe 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-



generates new structures, with the major peak being shifted fromink 1664 to
1460 (Figure 7B). The difference corresponds to the mass of a G eNAc resi due.
As mentioned above, EndoH cannot cleave the conplex type oligosazchari des.
Therefore, the major peak at ua/z 1664 can be assigned to the non-fucosyl ated
hybrid bi sected type after Endogl ycosi dase H digestion. [02531Q her peaks that
coul d be assigned to conplex or hybrid bisected glyearis. At ink 1810; after
EndoH di gestion the peak di sappeared s6-the structures can be assigned to the
fucosyl ated hybrid bisected type. The subtraction of one G cNAc and one fucose
(fromthe core a-1,6 fucosyl ated, reducing-end G eNAc residue) residue from
the adz 1810 pedicdfEpeplyroadiragsiease gearessian wictopirasfopigpis raxersed 76,1502,

di sappearance ofyofthisupeak byst Endadicbiedi gast 108 HeNGn es! el i m nat ed) and
t he appearance of a peak at ink 1298, dempnstrate that the 1502 peak can be

assigned to a néHSPY rase EPraRy Yegonisd ber ity {pp &tbALY S¥PIEsSIB47, t he

di sappear ance ofvedtre ek apptdactithdudshedtrah @efbitanidesingbe adepedt hat this peak is
a fucosyl ated hybri.d hi

i sected structure. The remmval of one eNAc and one
ucose teai due JBIHTRESTE SrrniD fves biia sheo bERTrah e RGUREA rai o 1896, o
nonf ucosyl at ed hiydmatiebddrdesoeibtdefaktiteytzinw, matterditge g byetchniigntlFneefdctinghi S generated a
structure with irﬁiﬁc%@%?mchmo%e{%%ﬁl% %%reﬂs?oﬁ%ec‘?%éa% @g%ggm(gl estion can be
assigned to the High nmarnose type @}fﬂ In/'z), |geiéhte by oki . The peak at
i nk 1689 (conpl exewingametheds)leagrked fotherdplbe otcodtr loydepifaclonts yilstdblsn, as expect ed.

I'n synthesis, freQ{PEJsi'B@ 168t & @PLRIAGEhahRrbabbis bt 1408 @20Glude of hat 88% of the
ol i gosacchari de structures carry a_bisecti n% NAc, 60% of which are

, dc
nonf uposyl at ed FSASHICEOBIOE BE e deeiqnrahwpiytalien pafiompd, ey PEF8™HiFori d bi sected and
6% fucosyl at ed GagpbeHchifEEHRAT képdes dindp affihBieafthUdrétbeia. Fc - 96- Table L

O | gesacchar i de as53) GAIENLS k9 Bidhiin 504" 52 aERhASY Spfigf or @ Endo13
cyfotoxicity.

[0151] In a further embodiment, the amtibody-encoding genes and the
glycosyltransferase 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] Orne or several nucleic acids emncoding a fiision 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 metal-inducible expression system. If several
different nucleic acids encoding a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase Il (GnTII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide are comprised

within the host cell system, some of them may be expressed under the control ofa
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constitutive promoter, while others are expressed under the conirol of a regulated

promoter. The maximal expression level is considered to be the highest possible

level of stable fusion polypeptide expression that does not have a significant

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

experimentation. Expression levels are determined by methods generally known

in the art, including Western blot analysis using e.g., an antibody specific for the

polypeptide having GnTIII activity or an antibody specific for a peptide tag fused

to the polypeptide having GnTIII activity, Northern blot analysis using a nucleic

acid probe specific for e.g., the gene encoding the polypeptide having GnTIII
) activity or a nucleic acid probe specific for a nucleic acid encoding a peptide tag
fused to the polypeptide having GaTII activity, or measurement of GnTIII
enzymatic activity. Altematively, a lectin may be employed which binds to
biosynthetic products of GnTI, for example, Es-PHA lectin. Alternatively, a
functional assay wlﬁch measures the increased Fc receptor binding or increased
effector function mediated by antibodies produced by the cells engineered with
the nucleic acid encoding a polypeptide with GnTTII activity may be used. Ina
further alternative, the nucleic acid may be operatively linked to a reporter gene;
the expression levels of the fusion polypeptide of the invention are determined by
measuring a signal correlated with the expression level of the reporter gene. The
reporter gene may be transcribed together with the nucleic acid(s) encoding said
glycoprotein-modifying glycosyl transferase as a single mRNA molecule; their
respective coding sequences may be linked either by an internal ribosome entry
site (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 (1,4)-N-acetylglucosaminyltransferase ITT (GnTIH) activity
and comprising the Golgi localization domain of a heterologous Golgi resident
polypeptide such that a single polypeptide chain is forrmed. 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
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(mRNA) molecules; one of the resulting mRNAs is translated into said reporter
protein, and the other is translated into said fusion polypeptide.

[0154] If several different nucleic acids encoding a fusion polypeptide baving

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

Golgi Iocalization domain of a heterologous Golgi resident polypeptide are

expressed, they may be arranged in such way that they are transcribed as one or

as several mRNA molecules. I they are transcribed as single mRNA, molecule,

their respective coding sequences may be linked either by an internai ribosome

entry site (JIRES) or by a cap-independent tramnslation enhancer (CITE). They

) may be transcribed from a single promoter into an RNA molecule which is

alternatively spliced into several separate messenger RNA (mRNA) molecules,

which then are each translated inio their respective encoded fusion potypeptides.

i Expregsion Systems

{0155) Methods which are well known to those skilled i the art ¢can be uged to
-construct expression vectors containing the coding sequence of the protsin of
interest and the coding sequence of a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase HI {GrTIH) activity and comprising the Golgi
localization domain of :;. heterologous Golgl resident polypeptide along with
appropriate trauscriptional/translational control signals. These methods include
in vitro recombinant DNA techniques, synthetic techmiques and in vivo
recombination/genetic recombination. See, for example, the techniques described
inManiatis et af., Molecular Cloning A Laboratory Manual, Cold Spring Harbor
Laboratory, N.Y. (1989) and Ausubel et al., Current Protocois 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 cellis,
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BHXK 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 are used as host cell system. Some examples of
expression systems and selection methods are described in the following
references, and references therein: Borth et al., Biotechnol. Bioen. 71(4):266-73
(2000-2001), in Werner ef al., Arzneimittelforschung/Drug Res. 48(8Y:870-80
(1998), in Andersen and Krumimen, Curr. Op. Biotechnol. 13:117-123 (2002), in
Chadd and Chamow, Cwrr. Op. Biotechnol. 12:188-194 (2001), and in Giddings,
Curr. Op. Biotechnol, 12: 450-454 (2001). In alternate embodiments, other
eukaryotic host cell systems may be contemplated, including, yeast cells
transformed with recombinant yeast expression vectors containing the coding
sequence of the protein of interest and the coding sequence of the fusion
polypeptide of the invention; insect cell systems infected with recombinant virus
expression vectors {e.g., baculovirus) containing the coding sequence of the
protein of interest and the coding sequence of the fusion polypeptide of the
invention, plant cell systems infected with recombinant virus expression vectors
(e.g., cauliflower mosaic virus, CaMV; tobacco mesaic 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 confain 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/dhfi} 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
alse is more amenable to large scale production, ie., production of the
glycoenginesred 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,
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transcription terminators, polyadenylation sites, etc.), and a selectable marker.
Following the introduction of foreign DNA, engineered cells may be allowed to
prow for 1-2 days in an enriched media, and then are switched to a selective
media, The selectable marker in the recombinant plasmid confets resistance to
the selection and allows selection of cells which have stably integrated the
plasmid into their chromosomes and grow to form foci which in tum can be
cloned and expanded into cell Iines.

[0158] A number of selection systems may be used, including, but not limited to,
the herpes simplex virus thymidine kinase (Wigler et al., Cell 11:223 (1977)),
hypoxanthine-guanine phosphoribosyltransferase (Szybalska & Szybalski, Proc.
Natl. Acad. Sci. USA 48:2026 (1962)), and adenine phosphoribosyltransferase
(Lowyer al., Cell 22:817 (1980)) genes, which can be employed intk”, hgprt™ or
aprt” cells, respectively. Also, antimetabolite resistance can be used as the basis
of selection for dhfr, which confers resistance to methotrexate (Wigler ef al.,
Natl. Acad. Sci. USA 77:3567 (1989); O'Hare et al., Proc. Natl. Acad. Sci. USA
78:1527 (1981)); gpt, which confers resistance to mycophenolic acid (Mulligan &
Berg, Proc. Natl. Acad. Sci. US4 78:2072 (1981)); neo, which confers resistance
to the aminoglycoside G-418 (Colberre-Garapin er 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 rpB, which allows cells to utilize indole in place of tryptophan; hisD,
which allows cells to utilize histinol in place of histidine (Hartman & Mulligan,
Proc. Natl. Acad. Sci. USA 85:8047 (1988)), the glutamine synthase system,; and
ODC (omithine decarboxylase) which confers resistance to the ornithine
decarboxylase inhibitor, 2-(difluorcmethylDL~omithine, DFMO (McConlogue,

in: Current Communications in Molecular Biology, Cold Spring Harbor
Leboratory ed. (1987)).

o
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ii. Identification Of Transfectants Or Transformants That
Express The Protein Having A Modified Glycosylation
Pattern

[0159] The host cells which contain the coding sequence and which express the
biologically active gene products may be identified by at least four general
approaches; (a) DNA-DNA or DNA-RNA hybridization; (b) the presence or
absence of "marker" gene functions; (¢) assessing the level of transcription as
measured by the expression of the respective mRNA transcripts in the host cell,
and (d) detection of the gene product as measured by immunoassay or by its
biological activity.

[0160] In the first approach, the presence of the coding sequence of the protein of
interest and the coding sequence of the fusion polypeptide of the invention
inserted in the expression vector can be detected by DNA-DNA or DNA-RNA
hybridization using probes comprising nucleotide sequences that are homologous
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 fonnaﬁon
in baculovirus, etc.). For example, if the coding sequence of the protein of
interest and the coding sequence of the fusion polypeptide of the invention are
inserted within a marker gene sequence of the vector, recombinants containing
the respective coding sequences can be identified by the absence of the marker
gene function. Altematively, 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, transcriptio;lal 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
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isolated and analyzed by Northern blot using a probe homologous to the coding
sequences of the protein of interest and the coding sequence of the fusion
polypeptide of the invention or patticular portions thereof. Alternatively, total
nucleic acids of the host cell may be extracted and assayed for hybridization to
such probes.

[0163] In the fourth approach, the expression of the protein products of the
protein of interest and the coding sequence of the fusion polypeptide having
B(1,4)-N-acetylglicosaminyltransferase ITl (GnTIII) activity and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide can be

) assessed immunologically, for example by Western blots, immunoassays such as
radioimmumo-precipitation, enzyme-linked immunoassays and the like. The
ultimate test of the success of the expression system, however, involves the
detection of the biologically active gene products.

b. Generation And Use Of Proteins And Protein Fragments Having
Altered Glycosylation Patterns

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

[0164] In preferred embodiments, the present invention provides glycoforms of
antibodies and autibody 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 vielded encouraging results.
Dillman, Cancer Biother. & Radiopharm. 12:223-25 (1997); Deo et al,
Immunology Today 18:127 (1997). A chimeric, unconjugated IgG1 bas been
approved for low-grade or follicular B-cell non-Hodgkin's lymphoma, Dillman,
Cancer Biother. & Radiopharm. 12:223-25 (1997), while another unconjugated
mAb, a humanized IgG1 targeting solid breast tumors, has also been showing
promising results in phase I clinical trials. Deo et al., Immunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
respective tumor cells and the antibodies mediate potent fumor destruction by
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effector cells in vitro and in vivo. In contrast, many other unconjugated mAbs
with fine tumor specificities cannot trigger effector functions of sufficient
potency to be clinically useful. Frost et al., Cancer 80:317-33 (1997); Surfus et
al., J. Immunother. 19.184-91 (1996). For some of these weaker mAbs, adjunct
cytokine therapy is currently being tested. Addition of cytokines can stimulate
antibody-dependent cellular cytotoxicity (ADCC) by increasing the activity and
pumber of circulating lymphocytes. Frost e al., Cancer 80:317-33 (1997),
Surfus et al., J. Immunother. 19:184-91 (1996). ADCC, a lytic attack on
antibody-targeted cells, is triggered upon binding of lenkocyte receptors to the
constant region (Fc) of antibodies. Deo et al., Immunology Today 18:127 (1997).

A different, but complementary, approach to increase ADCC activity of
unconjugated IgGls is to engineer the Fc region of the antibody. Protein
engineering studies have shown that FeyRs interact with the Jower hinge region
ofthe IgG CH2 domain. Tund et al., J. Immunol. 157:4963-69 (1996). However,
FcyR binding also requires the pfesence of oligosaccharides covalently attached
at the conserved Asn 297 in the CH2 region. Lund et al., J Immunol. 157:4963-
69 (1996); Wnght and Morrison, Trends Biotech. 15:26-31 (1997, supgesting
that either oligosaccharide and polypeptide both directly contribute to the
interaction site or that the oligosaccharide is required to maintain sn active CH2
polypeptide conformation. Modification of the oligosaccharide structure can
therefore be explored as a meens to increase the affinity of the interaction.

An IgG molecule carries two N-linked oligosaccharides in its Fe region,
one on each heavy cbain. As any glycoprotein, an antibody is produced as a
population of glycoforms which share the same polypeptide backbone but have
different oligosaccharides attached to the glycosylation sites. The
oligosaccharides normally found in the Fe region of serum IgG are of complex
bi-antennary type (Wormald et al., Biochemistry 36:130-38 (1997), with low
level of terminal sialic acid and bisecting N-acetylghicosamine (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. Imnunol. 157:4963-69 (1996)

conpl ex
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[0168) The mouse~ or hamster-derived cell lines used in industry and academia
for production of unconjugated therapeutic mAbs normally attach the required
oligosaccharide determinants to Fc sites. IgGs expressed in these cell lines lack,
however, the bisecting GlcNAc¢ found in low amounts in serum IgGs. Lifely et
al., Glycobiology 318:813-22 (1995). In contrast, it was recently observed thata
rat myeloma-produced, humanized IgGl (CAMPATH-1H) carried a bisecting
GlcNAgc in some of its glycoforms.  Lifely et al., Glycobiology 318:813-22
(1995). The rat cell-derived antibody reached a similar maximal ir vitro ADCC
activity as CAMPATH-1H antibodies produced in standard cell lines, but at

) significantly lower antibody concentrations.

[0169] The CAMPATH antigen is normally present at high levels on lymphoma
cells, and this chimeric mAb has high ADCC activity in the absence of a
bisecting GlcNAc. Lifely et al., Glycobiology 318:813-22 (1995). In the N-
linked glycosylation pathway, a bisecting GleNAgc is added by the enzyme p(1,4)-
N-acetylglucosaminyltransferase 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 III 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 carcinorna monoclonal antibody (ch-
(G250) produced by the methods of the invention, a humanized anti-HER2
monoclonal antibody (e.g., Trastuzumab (HERCEPTIN)) produced by the
methods of the invention, a chimeric anti-human colon, lung, and breast
carcinoma monoclonal antibody (ING-1) produced by the methods of the
invention, a humanized anti-human 17-1A antigen monoclonal antibody
(3622W94) produced by the methods of the invention, a humanized anti-human
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colorectal tumor antibody (A33) produced by the methods of the invention, an
anfi-human melanoma antibody (R24) directed against GD3 ganglioside
produced by the methods of the invention, and a chimeric anti-human squamous-
cell carcinoma monoclonal antibody (SF-25) produced by the methods of the
invention, an anti-human small cell hing carcinoma monoclonal antibody (BECZ,
ImClone Systems, Merck KgaA) produced by the methods of the inventicn, an
anti-hwman non-Hodgkin's lympboma monoclonal antibody (Bexxar
(tositumomab, Coulter Pharmaceuticals), Oncolym (Techmiclone, Alpha
Therapeutic)) produced by the methods of the invention, an anti-human
) squamous cell head and neck carcinoma monoclonal antibody (C225, ImClone
Systems) prepared by the methods of the invention, an anti-human rectal and
colon carcinoma monoclonal antibody (Panorex (edrecolomab), Centocor, Glaxo
Wellcome) prepared by the methods of the invention, an anti-human ovarian
carcinoma menoclona!l antibody (Theragyn, Antisoma) produced by the methods
of the invention, an amti-human acute myelogenous leukemia carcinoma
-monoclonal antibedy (SmartM195, Protein Design Labs, Kanebo) produced by
the methods of the inventior, an anti-hmman malignant glioma monoclonal
antibody (Cotara, Techniclone, Cambridge Antibody Technology) produced by
the methods of the mvention, an anti-human B cell non-Hodgkins lymphoma
monoclonal antibody (IDEC-Y2BS8, IDEC Phamnaceuticals) produced by the
methods of the invention, an anti-human solid tumors monoclonal antibody
) (CEA-Cide, Immunomedics) produced by the methods of the invention, an anti-
human colorectal carcmoma monoclonal antibody (lodine 131-MN-14,
Immunomedics) produced by the methods ofthe 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
monoclopal antibody (MDX-447) produced by the methods of the invention,
Anti-VEGF monoclonal antibody (Genentech) produced by the methods of the
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ManlI activity, that modifies the oligosaccharides attached to the Fc region of

such antibodijes. This strategy can be applied to increase Fc-mediated cellular

cytotoxicity against undesirable cells mediated by any molecule carrying a region

that is an equivalent to the Fc region of an immunogiobulin, not only by

therapentic 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 II transmembrane domain that localizes to the plasma

mermbrane fused to the N-terminus of an Fc region (Stabila, P.F., Narnwe Biotech.

16: 1357 (1998)).
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t hese resi dues are_ not senti i ncorparation into the high nolecul ar
wei ght conpl exe& RS WWB‘?%?FE’!OWB?%YC%&W%’PHW‘%H%E%?EI i zation (Opat,
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in the ADCC assay of Fig. 10 are bisected, non-fucosylated hybrid
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t hese bi sected, nonfucosyl ated ol i gosaccharides are nore active in ADCC
relative to anti bodies with | ower |evgbs of these oligosaccharides. The ADCC
activity increases correlate with increases in this bisected,

non-fircosyl ated ol igosaccharide fraction within-the Fc-associ ated

ol i gosacchari dedrm@,mudoﬂﬁiam@uaMimwmé@emmbmgsmmmm this fraction
is higher than 15 to 02601 kil]ler. (NIC) cells are known to be

i mpor t ant nedi a%%\y Etg %@E? ?Slltg ’lctg g‘ﬁmt heir surface the
activating [Pewgar r una‘eﬂmwtf@boxﬁ@éungahﬁcheiapGMamﬁﬁitﬂsadxeslsremdﬂ ng of the Fe
region, of the Enao';vgisee ) lA.mtf)Joutn onoc?on fn%bod&e@fo'%&%ﬁmggr%’i%@'f receptors on NK
cells is essential rossliin i n ese receptors e MC cell and
subsequent i nduPtigom 6@%@@@){%@@@@#@@ wnfbgdipngnor Campr Fherapwal uat e t he

bi nding of the ﬁggfemﬂazeéd@nyy%ﬁspmw@ R ﬁed@gﬁemﬁsh&ﬁ@: here to Fe

receptors in partlcu ar to receptors inth e native formin which the human

i mrune ef f ect or "4wippdies ffos Jirag, D@h‘éﬁ" i genvellaboDag norte ey dEwlsEd-hat

gl ycoengi neer edRamﬁsb@ad: @8s) Os@wayelgm&e@mm TRorbd@an88dl body produci ng
cells of a nucleic a encogl n%iglct(um %@f’#tl de wt h CML111 activity

have i ncreased i’rﬁfﬁs Thr YosEet®cept or

FcgammaRDl A. AsAm%ﬂzmmﬂzaa@auednH@hnﬁ:&iapﬂB@EBna@m ethih@8€), gnt i bodi es have

i ncreased | evel I.SECt non-f I harides that result
fromthe expr es3’{58%96?191%513 %ggrrllotmeﬁ *ﬁ%g%%ﬁ%@%%%ﬁ?& %E ESI on pol ypepti de
with Gtlin act bgftogy- Twmgeted".llglmms@chmﬁit HogBe8ay. were froma donor of a

genotype t »gloes @Qttem gﬁgﬁmﬂﬁq Rit eir NIC cells
(Metes, D. h[g% 7? : rﬁ%r%eas%é& 25K( 1 85&8‘9 (%6’%) Therefore the
only Fe recept ofad’é}WnE ‘h@ aﬁ@ﬁcﬁf&@@e%?h%sﬁéﬁé @@1‘3 avhpngoqelizsd aldheittiet i ng

Fcganni nakEdA 1 6eRbdE in Fiifling b8set0@WRI tiaRbterk e, RIgN Grilg, 'R9813Ys, NBASUr es .
speci fic bindi ng\&_ﬁi‘l{ﬂ%c g‘lbﬁ% to t@sklljlé%tvhe?gég %ﬁ@?—%“hﬂf %%eggﬁﬁg@e corrpetl tion with
a Fcgar nmaRM sp i 1 © f agrret d). -101-
1026] ) Strong ev Adghagein Chnckl Ehetap 2 iMoabcl@phanitdds Por-Goakr Dak@ibact i ons on t he
out conme of anti .t [ ythe y . C fro cor tion, found in
el ey Bl e e
igher-affinity € en! IovEDti@ cape a 00
99(3):754-S (20 ng chtla'a%eeﬁﬁ@aﬂ&aeaystb@aﬁemmﬁmasﬁﬁe@Jmcfogum foPpgon-elate with a

vastly enhanced jective response rate and i ncrease roportion of nolecul ar
responses. |ncr Eﬁ%ﬁt@M%a%W@@rﬂ%@éas Iféb%fﬁr‘f‘tﬁiﬁpi A-Pc interactions
calnI be FOt:Ngﬂ]frOmeill@?h&t(tﬂ?i‘lﬁﬂe@ﬁbsaNa?faﬁdnlﬁ??or%btmﬁbbdié&lbfﬁu&vﬁﬂﬁﬁﬂ‘s of lmﬂéne
cells, includin tural ki ells nonocytes an
dendritic cell S%CIE?O%Q&“FB&R? ﬁrgﬁ%‘!aéet fié %felc‘?f%lb(”i‘aﬂtg&gg ¥OI'A% ecept or on 14K
cell's, macr ophagesmesngebirpiionydrts apanirzétdh dydtdxdsrinig andthé usk yishas by ADCC (wi del y
bel i eved to be i vo) ( I\/al oney,
D.C ot at  Soni Kbk S ERES WaBbabh i)y JREREH SRy () (TR 0D

Med. 195(1): F1- m@&@zwo@ﬁwgaﬁg@hqf@nﬁﬁﬁ[ma@ﬁeﬁéle" toBjmoy| ar phagocyt osis
(Hazenbos, WL. pbasdbs AbiboTHMARE. prbGial1 3936 (| 1998)y Beff ME and
Heard, C. Crit Rev Oncol |l ematot 40 1) 25- 35(2002'3J and to eytol dne rel ease
in the vicinitySof84Edngrse)i Erharcementotgin vigy gdinsgvo ffrunol .

3f1]c 3016- 3025( ZOQﬂB’ﬁoisth‘j'B&e mydcsad{m Iﬂleﬁth]ﬁbpohlﬂe F?lﬂiuanheaﬁ} Mmodlbﬂiaegt cyl otoxic )
effects on tunor_ce eni,c e ts it tumor growt
by deprivation 3?‘1% é‘%‘mg ‘ggae%ngmlcge%%%\ﬁ@ggl?%d%gér anti gen
presentation as(lpwjianmsenmq"mmmoﬂPrmkxhgjsbyu&nh’baiydﬂzyrmﬁmﬁgatwsﬁoonse agai nst
tunor cells. De Gi resentation to T-cells,
and cross-|inki ﬁ%u o%ﬁ g %E)&&%ﬁ qurpgﬁ {9|3g@(aeﬁ , from anti body-bound,
dying tunor cells initially attacked in vivo via ADCC) can |ead to enhanced
dendritic cell maturation, antigen uptake and presentation to T-cells, and
cross-primng of cytotoxic T-cells, the later being a potentially very
efficient nechanismto activate anti-tunmor imunity (Am gorena S., J. EXp.

Med. 195(1)Y1-3 (2002), ICalergis, A M and Ravetch, J.V. J. Exp. Med.
}95(12) 1653- 1659(2002) Sel enko, N. e. at J. din. |Imunot
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-103- G nTIlI fusion exhibited normal growth in swells on and good anti body
productivity. [02651The rel ative percentages of the oligosaccharides of the
gl ycoengi neered nonocl onal anti body produced by the stable BELK- | 502-28-1 1
cell Iine are presented in Table 2. Table 2: Relative percentages of the peaks
obt ai ned by MALDT/ TOE-MS. Peak (raiz) _ Relative percentage 11257 25% 1486 2.8
% 1647

-70-

[0179] Still another therapeutic use for the antibodies of the invention involves
use, either in the presence of complement or as part of an antibody-drug of
antibody-toxin conjugate, to remove tumor cells from the bone marrow of cancer
patients. According to this approach, autologous bone marrow may be purged ex
vivo by treatment with the antibody and the marrow infused back into the patient
[see, e.g., Ramsay et al,, "Bone Marrow Purging Using Monoclonal Antibodies",
J. Clin. Immunol., 8(2):81-88 (1988)].

10180] Furthermore, chimeric antibodies, recombinant immunotoxins and other
recombinant constructs of the invention containing the specificity of the

) antigen-binding region of the desired monoclonal antibody may be used
therapeutically. For example, the single-chain immunotoxins of the invention,
may be used to treat human carcinoma in vivo.

[0181] Sirmilarly, a fusion protein comprising at least the antigen-binding region
of an antibody of the invention joined to at least a functionally active portion of a
second protein having anti-tumor activity, e.g., a lymphokine or oncostatin can be
used to treat human carcinoma in vivo. Purthermore, 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 amolecule other than
said tumor-associated antigen.

[0182] The present invention provides a method for selectively killing tumor

) cells expressing an antigen that specifically binds to the monoclonal antibody of
the present invention or functional equivalent. This method comprises reacting
the glycoengineered antibodies of the present invention or immunoconjugates
(e.g. the immunotoxin) comprising same with said tumor cells. These tumor cells
may be from a human carcinoma.

[0183] Additionally, this invention provides a method of treating carcinomas (for
example human carcinomas) in vivo. This method comprises administering to a
subject a pharmaceutically effective amount of a composition containing at least
one of the glycoengineered antibodies of the invention or an immumnoconjugeates

(e.g. the immunotoxin) comprising same.
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In a further aspect, the invention is directed to an improved method for
ireating an autoimmune disease produced in whole or in part by pathogenic
antoantibodies based on B-cell depletion comprising administering a
therapeutically effective amount of immunologically active antibody to a human
gubject in need thereof, the improvement comprising administering a
therapeutically effective amount of an antibody having increased ADCC prepared
in accordance with the methods of the invention. In a preferred emmbodiment, the
antibody is an anti-CD20 antibody. Examples of autoimmune diseases or
disorders include, but are not limited to, immune-mediated thrombocytopenias,
such as acute idiopathic thrombocytopenic purpurea and chronic idiopathic
thrombocytopenic purpurea, dermatomyositis, Sydenham's chorea, lupus
nephritis, theumatic fever, polyglandular syndromes, Henoch-Schonlein purpura,
post-sireptococcal nephritis, erythema nodosum, Takayasu's arteritis, Addison's
disease, erythema multiforme, polyarteritis nodosa, ankylosing spondylitis,
Goodpasture's syndrome, thromboangitis ubiterans, primary biliary cirrhosis,
Hashimoto's  thyroiditis, thyrotoxicosis, chronic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pamphigus vulgaris, Wegener's
granulomatosis, membranous nephropathy, amyotrophic lateral scletrosis, tabes

dorsalis, polymyaglia, pernicious anemia, rapidly progressive glomerulonephritis

“and fibrosing alveolitis, inflammatory responses such as inflammatery skin

diseases including psoriasis and dermatitis {(e.g. atopic dermatitis); systemic
sclerederma and sclerosis; responses associated with inflammatory bowel disease
(such as Crohn's disease and ulcerative colitis); respiratory distress syndrome
(including adult respiratory distress syndrome; ARDS); dermatitis; meningitis;
encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiliration 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 digbetes mellitus); multiple
sclerosis; Reynaud's syndrome; autoimmune thyroiditis;  allergic
encephalomyelitis; Sjorgen's syndrome; juvenile onset diabetes; and imumune

responses associated with acute and delayed hypersensitivity mediated by



27.8% 9 1826 10% 10 1851 7.5% 11 1972 9% 122012 1.75% Total bisected: 88.6%
(4+5+6+7+8+9+10+11+12) Total non-fucosyl ated bi sected: 37.8% (4+5+7+9) Tot al
fucosyl at ed bi sected: 50.8% (6+8+10+11+12) Conpl ex bisected: 17% (6+7+10+12)
Hybrid bisected: 71.6% (4+5+8+9+11)
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cytokines and T—1yrn;;h0cytes typically found in tuberculosis, sarcoidosis,
polymyositis, granulomatosis and vasculitis; pemnicious amenia {Addison’s
disease); diseases involving leukocyte diapedesis; central nervous system (CNS)
inflammatory disorder; multiple organ injury syndrome; hemolytic anemia
(including, but not limited to cryoglobinemia or Coombs positive anemia);
myasthenia gravis; antigen-antibody complex mediated diseases; anti-glomerular
basement membrane disease; antiphospholipid syndrome; allergic neuritis;
Graves' disease; Lambert-Eaton myasthenic sf/ndromc; pemphigoid bullous;
pemphigus; autoimmune polyendocrinopathies; Reiter's disease; stiff-man

) syndrome; Behcet disease; giant cell arteritis; immune coniplex nephritis; IgA
nephropathy; IgM polyneuropathies; immune thrombocytopenic purpura (ITP) or
autoimmune thrombocytopenia etc. In this aspect of the invention, the antibodies
of the invention are used to deplete the blood of normal B—cells for an extended
period.

[0185] In accordance 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 tittnor targeted antibody
joined to acytotoxic agent. Generally, the jomning of the tamor targeted antibody
with the cytotoxic agent is made under conditions which permit the antibody so
joined to bind its target on the cell surface. By binding its target, the tumor
targeted antibody acts directly or indirectly to cause or contribute to the killing of
the cells so bound thereby curing the subject.

[0187] Also provided is a method of inhibiting the proliferation of mammalian
tumor cells which comprises contacting the mammalian tumor cells with a

sufficient concentration of the glycoengineered antibodies of the invention or an



[ 02661The ol i gosacchari de anal ysis showed that 88,6% of the structures carry
a bisecting daNAc residue, 50.8% are fucosyl ated and 37.8 % axe non-
fucosyl ated. The di gestion of the PNGaseF-rel eased ol i gosaccharide with
-104- Endo gl ycosi daseH denonstrated that nost of the peaks obtained are of
the hybrid bisected type (Fig. 19). Fig. 20 shows increased binding affinity
of the gl ycoengi neered anti body, produced by the BHK-1502-28-11 cell line, to
the activating Fe receptor FcgammaRI L3A on human NK cells. Cell |ines grow ng
in suspension and with constitutive stable expression of both the antibody
genes and the fusion GhTLL1 pol ypeptide are ideal for |arge-scal e production
of therapeutic amundzogjugs cdigirvme standarad tcebhibie peilifteion nd thet hods, t he
gl ycoengi neering, ¢ i mented either by introducing the fusion G1TlEL
gene into a celﬁ@%ﬁ%ﬁ%ﬁi ng the anti body genes, or by introducing the
anti body gdi88] i nt oThe solgkdt inlvéntien Tdier provides guethhds foradiitaingCegrovfene (a
"pre-gl yeoengi i 4 nen . :1.g the anti body
and OnTI 1| fus?cg%{ug%ntglé&gg% h%ﬂg%ﬁgueﬁlﬁﬂrlrg bzl%%%{?ﬁuﬁgg%{c}?%%% ant i body
produced in cel e déease inaarhingt. anse wmethds sompate edwiysisseg toie whiedt e nucl eic aci d
encodi ng a fusi QR.RekMARPIH MbsiioR Bithéitdnidt Y and | ocalized to the Gol gi
via the I\/anlf | ocal i zati on doré%frérer s tested al so for conpl enent nedi ated

e

lysis (CW)I0188 qi £ £ &r BntrraFR ¢ %% RrebeRa tVEREOR o FciiSAtent on Pc
receptors on i nphaecefifatednifosidals] Smbibhatony agt metide firtteatb hidaen

ol i gosaceliarides.of this glycoenginheer nti bo were.of bisected hybrid
nonf ucosyl at cd %"B“é“.“ e ﬁ’é’%&%@ft‘“‘%ﬁ%‘ﬁ@gﬁﬁ%’é‘% %éarl‘\}/oén&m TP %Phis anti - CD20
anti body conpared it ¢et tretmentrolinfniag dcaginpibioeynpifngy 2 phdinacelprlllsomre appl i cati ons
ant i bodi es W t hednct easec PADORbor ik frbkeh SANEEH afdApnRY DR fES| 1 abl e, for
exanpl e to reduce side effects, such as vasculitis in the bl'ood vessels at
the tunor site,2/@eHP&CEATHY CM.. Other significant C vEL-nedi ated

si de- ef f ectigighpve bmoﬂF@ﬁroﬁﬁﬂayfo@dtaiﬁmm Or fhdapbmeatie@py (van der Kol k
L.E et al. Br J HE‘E tal.. %%5&4) . 807-11 208%%2. However, the o gosacehari
de profiles aboWV&® CRHYRR o AQL e giE B8 Ph e {5 e fFPARET the anti body
produci ng cel | ssetond entip6dds & id decdumbinkhtiforfn6 & (ohineait ypibedds) fekgmardts an | nt er nedi at e
expression |evel. t.hat |eads interpediate | evel.s of hi.sected hybrid
mon. f ucosyl at ec e gz bk BRRID IR n S By By SRS Y oni i can
traction of coniptlede othki agtimdive trapiieetss faf rdating chdomorie (ok.i geosi@odshar i de popul ati on
of the gl ycoenggogﬁg-_ﬁ_ed anti body. Such conpl ex oligosacchari des are associ at ed
with noimal, not reduced, |evels of CM.. Therefore the data indicates that
anti bodi es [{%h i nclessipdasritbodyirnpeate and gruunglony coggsifiths efhs way whi ch
o, St S S gl s 5
non- engi neered antj bodi es,. | secand chi neri g . nt i body, , also
known as cet uxi bd,mgt}?{’é’f‘c’%}né‘%%dg?’ h??§°?ﬁ%%fﬂ’fﬁ%&ﬁd@%%ﬁ%h fact or

recept oy ( EC FRMdmivesgraijinyiiroelin dite e tuegr. byratdaens mdtihouisiod spofambéd here. Fig. 22

shous. the_qhl,g0SaCChay AL b Al B, YOIkl ok AL pEGFR anti body €225

and of the gl'ycoengince ersion of the sanme anti| .

produced in cel Victanghdedat srroblispited fogliquidgelpépraerceaFusign.debietigilsn  pol ypept i de
With GnTlHIT actdwdbd, ¥uBdtohQC holyrhdrid @6krdcBstiBeorGabBHesivied ligoshRan | ocal i zation
domai n_ Fig. 23 shows increased ADCC of the anti-EGFR anti body resulting from
this gl ycoengi n@&%‘ﬁ]?‘i’@}?b@%@W#%%EHP§WF%§WQ@%FWH%@°% t he nmet hods
descri bed her e, ofasdinid@ation ghdi thCth@feaid afgdcktioand i ncreased binding affinity to

activating eceptprs, are prom.si | ecul es .f or. anti body therapy of
cancer and [Efga;ut o- itn(])rrgrrcﬁﬁﬂg°Sl |°§£%§%gs]?ve£‘%ﬁ§° ?rﬁ%?glgrl%uuld% ‘éeélgmt% i ncreased

ef fi cacy, rel atpheenatatitalip aceptrtds poredi and adnyrotikhovedin(thomt gklyeoengi neer ed)
version of tho i i : rads ﬁ:mﬁ’é shhald y it should be
possible to re3uce %ehgpﬁ%?%#ggﬁh%g o’?eu%n@ olfa)t&?ﬁ’e g 3%’05%%@ neﬂer ed anti bodi es
conpar ed to theaspharpitios. Eblynpfedic agidpotappiun spebalechng eadte o1 slstglytepact t he
econom cs of  anhbadwaRfiQduesé on. EXAI Y2LF 2 Treatment of | mrune- Medi at ed
Thronbocytopenia in a Patient with Chronic G aft-Versus-Host Di sease




[ 0269) Aut oi nmrune t hr onbocyt openia in chronic graft-versus-host disease
represents an instance of B-cell dysregulation le: ding to clinical disease.
To treat inmune-mnedi ated thrombocytopenia in a subject with chronic
graft-versus-host di sease, an anti-CD20 chi neric nonocl onal anti body prepared
by the nethods of the present invention and having increased ADCC is

adm ni stered to the subject as described in Ratanatharathom V. et al., Ann.
Intern. Med. 133(47275-79 (2000) (the-7entire contents of which is hereby

i ncorporated by reference). Specifically, a weekly infusion of the antibody,
375 ngirn2 is admnistered to the subject for 4 weeks. The anti body therapy
produces a [9ded denk atostaffedive Modealf hdminitritiveaydelbsaphegiaden b éed and decreased

| evel s of platelet-associ-at: t = 106- - E 3 Treatnent of Severe,
| mune- Medi at ed,” t??lgoﬁieoéq%ig’lvg%ﬁ# g%lg%ﬁsélﬂﬁl]‘gﬁ% y :XEA_ or?gsﬁiog%e
[ 0270] | mrune- nedisese the patésgUs hedlth apd resporsedo gedthenpiddly jadgeR@AYei s a rare

di sorder frequegtly, gﬁﬁﬁ%h.aﬂ&grﬂgghthgtd}?&&es%tt@ b Rhanampa. To treat

i mmune- nedi ated, acquirted pure red cell aplasia in a subject, an anti-CD20
chi meri ¢ nmonocl SR &#nthebdiyidpi epstgue dNeygrthelsss, patWiseiye olost pEtSr esent i nvention

and havi ng i ncr gagReiMIeEinis fivamith Ahie f Bt adge of iteh SbRi1 &Lbodsoodescr i bed in
Zecca, M et al.., Blood /23995-97 (1997) (the entire contents of which are

her eby i ncor por el by reference). Specifically, a subject with PRCA and

aut oi nm ne eyl yt i cThamibcaled des@ibbEirdimayibses afictant dbagyomi3d75 nghii 2, per
week. After antibo er bstjtutive treatment with Jintravenous

i nmunogl obul i n iwgcgéctu?%tb?ﬁéﬁ@ﬁ%;]f%n Ofujé)?n(% [ S ERerHOT 1%?:! depletion of B
cells apd a si gaili parders, supesiionesy golywerco oyt @apspentor agicompalvs.ed by i ncreased

hemog! obi n | Vel XAMR oo BiStdil Snahs HEHReNS dhnGaashbyst i on of

Gal T-fusi on expression vectors Vector for constitutive expression of GalT
[02711For const fh$aoeef gmingshatiopandtheterredticapplicg®Bt or, Cral T eDNA is anplified

froma cDNAhédpr ary heh@rtcgedtle BydeREhdnifistartib hddidddke Rpifie (R Riet OPe tag is added

i mredi ately upstr?a@ o%tht he st,o‘p cogon of t&%l%gne &gm no aci d sequence:

PEQ CLI SEEDL) f SIPPLTsar e EEH o en Rt et s HRRLF e BIROVESEer n Bl ots. After

co afi filiati omendd thhi@vaidy e cdurss effhrtaner, o subects hedithendgespenset® | nsert ed under

control of the MPSV t.er and synt heti ¢ rabbi.t .beta-gabi.n pol yadenyl at i
= e S gl TET R B B

on sigial is added. exp sion-vec ontains a separate
puronyci n resi stizmoéecdesiatd o tigled wdahededividnl subjetth t he puronycin resi stance

gene also u ﬂﬁ@ﬂ 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 growih inhibiting and killing
) response, e.g., doses may be divided and administered on a daily basis or the dose
reduced proportionally depending upon the situation (e.g., several divided doses
may be administered daily or proportionally reduced depending on the specific
therapentic situation.
[0198] It would be clear that the dose of the composition of the invention
required to achieve cures may bé further reduced with schedule optimization.
[0199] In accordance with the practice of the invention, the pharmaceutical
carrier may be a lipid carrier. The lipid carrier may be a phospholipid. Further,
the lipid carrier may be a fatty acid. Also, the lipid carrier may be a detergent. As
used herein, a detergent is any substance that alters the surface tension of a liquid,

generally lowering it.



the control of the fvfdPSV pronoter and synthetic rabbit beta-globin

pol yadenyl ati on signal. Replacenent of ami no acids encoding the |ocalization
dormain of GMI with the am no acids encoding the |ocalization domain of the
human CnmTl. [0272. 1The construction of this hybrid gal actosyltransferasc gene
is perforned, for exanple, by overlapping PCR reactions, resulting in the

pl asm d containing the A uTl-GIT fusion under control of the |s4CPSV prontxer
and a puronych resistance cassette foFs-sel ection. Replacenent of the am no

aci ds encoding the localization domain of Gall' with the am no acids encoding
the |l ocalization domain of human mannosi dase [0273] The construction of the
Gal T expred8i¥h vecimopnd sxapglefdrthredyventitre thaeé&lﬂfgdnhglapbasm@omignt ains the hybrid
matil|-Cal | 0eng e GAILY @l nofibul Berksls i PR SO Phor 16 BRI NLi on Of {he

hybrid instil-Gal S|on$ﬁnew| cation origin odefromEpsteln
Barr virus. [OZoRsprhatONKR f4lsegionn o ffWB‘??fﬂri8 irs(pslypetbrienssogytagiescri bed in

Exanple 1 into ﬁll%oiemé)rb Mar?rntoh foPdxhmB¥ PFHBS HRM3Y efi Riionde sy | bed above.
Conmbi nation_of the manl | | T fusion _gene and a truncated C4

cel | - surf ad®%hr ker Aé@ﬁ%‘“’[: Ahesletrresnt gy Peradonii el eettohn Xampineficf i ed for

addi tional expriesis iagdt inAudet, YRGAHOEIhiEDb, 4BftmsHy indt@iuide@te. gene Briefly, the
hybrid maa | T f ene expressian.casse converted froma

nonoci str or#’%:og}ii éﬁ%ﬁ Tr oot ¢ %%Sﬁnvc?%bsogé‘{“ﬁg’l%ﬁeﬁﬂaé’rbffng, downst r eam of
t he stop codon quosctntaeAsrmmd'Ea tﬁizsdpﬂhdaum ofliposomEdlid mnywierbsnaBainél enent f ol | owed

by a GDNA e”COdJ«%&e%IcBU&“ OE&Q@%% ﬁo%' c&&%{mn%dsﬁle{lg the human CD4

| eader sequence tor secre e transnenbrane and extracel | ul ar
domai ns). [0203] The examples below cxplmnmcmvcnnonmmoredetail The following

preparations and examples are given to enabie those skilled in the art to more
clearly understand and to practice the present invention. The present invention,
however, is not limited in scope by the exernplified embodiments, which are
intended as illustrations of single aspects of the invention only, and methods
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. Suchmodifications are intended to fall within the scope

of the appended claims.
EXAMPLES
) ‘
EXAMPLE 1
Materials and Methods
L. Construction of antibody expression vectors.

Anti-CD20 antibody expression vector pETR1502

[0204] The C2B8 anti-CD2( antibody expression vecter, pETR1502, consists of
four independent, separate expression cassettes (one for the C2B8 antibody light



-108- 3.Transfection of mammualian cells with GalT-fusion- and anti body
expression vectors Trsnefection of BEE( cells [0276] Exponentially grow ng
cells (viability 90-95 % are cultured, harvested and subsequently transfected
as described in Exanple 1. For the production of the glyeroengi neered

anti bodies, the cells are co-transfected with two plasm ds, one for antibody
expression and the other for fusion Gll pol ypeptide expression, at e ratio of
3:1, respectively. Transfection of 1E78{293-E13NA cells [0277] Exponentially
growi ng | TEI C293-EBNA cells are Iransfected as described in Exanple |I. For the
production of the glycoengi neered anti bodies, the cells arc co transfected
wth two plasm dsjn, méoﬁtmcmﬁtaiziﬁmdyhee%@bés,s:mformadeotdya'nmsiIaMceof fusion Cral T
pol ypepticle ex s} an, t res Y day 5
posttransfecti oﬁ%n%zaﬂ%g&n%?glﬁ%‘&g gcngte gecen %Jrgcgﬁé[q;or mn at 1200 rpm
foll oned by a semmqtdrQfénmyplﬁmglsfmm’nsafc@mmsm\aan%@m@nam@nd kept at 4C.

Cenerati on of 2 ekl FRETRLLARaRld 105 RLRLERRIAG, AghRTARDI nant ant | - CO20

antibody and a Cral T-fasion [02/81The clone constitutively
expressing anti I@D?ﬁ}gh’ﬂnémeonal anti body genes and the neonycin resistance

gene, is trapghect e@mgsgn&%g%p&@glgha%mﬁg@v$%l SGVEpRanat i on. The vector

thews for constltutlve expr essi on of Gl T gene and a truncated form
of human Cl D4, fo#eny af ther fiP30 papladn <iBR ywak grsealed omnhe s et or al so cont ai ns

?_ pu;orryf:i n{ ezi strealqspa]bt g%@ﬁ-s&éﬁﬂé@nﬂf’gb@ﬂla@ﬁﬁsﬁ'fatoﬁs-stﬁil;iréﬁ@ﬁﬁi.silﬂlg PERI ft a‘nttcgoPﬁs are

irst selecte obtaip a,s S0 i ntegrate e

vector DNA. do é’&%’?hé’]{ﬁe‘f{ ’8?&'@%@%5&0 éqgﬁ%%’ﬁgtrg W‘E‘ESFB%“ 8f truncated CD4

(1CD4),) which sewdmsfoaﬁzasmhed VO reginp rveess ogtaindde et ofultlited bi ci st roni ¢

Manl | - Gal T- MCD4 S t i n oduction of the
B3 WAOh L RRGGUP A AN B0 150

sel ected cl ones | s ver| ng 9] Transfection
and subsequent &1 n@smblttdm%YHr@{ﬁ @ﬁﬂ@?ﬁé?eﬂ? @bela?qdllé@l

pBluescriptIKS(+) to give pBlue-C2B8VH and pBlue-C2B8VL plasmids and
sequenced.

[0206] The variable chains of C2B8 were amplified from the corresponding
pBlue-C2B8VH and pBlue-C2B8VL plasmids using primers that introduce an
Ascl restriction site at the 5* end and appropriate restriction sites at the junction
of the variable to constant region (BsiWI for the light chain and Nhel for the
heavy chain). The IgGl constant regions were amplified from 8 human leukocyte
cDNA library (Quickclone, Clontech) using primers that introduce suitable
restriction sites at the 5” and 3° ends (BsiW] and BamHI for the constant light

) ¢hain and Nhel and BamII 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 TnY transposon and put under
conirol of the rninimal MPSV promoter) was introduced into the vector
pETR1315 resulting in the plasmid pETR1481. A dhfr gene expression cassette
under control of the MPSV promoter was inserted into the vector pETR1316 to
give the plasmid pETR1328. In 2 final step, both expression modules (C2Bg8-light



out as described in Exanple |I. 4. Production and purification of unnodified
and gl ycoengi neered anti bodies [0280)In the case of BliK cells transfected

wi th an anti body expression vector or co-transfected with an anti body
expression vector plus a Gal T-fusi on expression vector, the culture
supernatant is harvested after culturing the transfected cells for 96 h post
transfection. Depending on the expected productivity, several

el ectroporaticras (10-15) are done foff7the sane vector. [0281]1n the case of
HEK. 293- EBNA cells am steeled with an anti body expression vector or
co-transfected with an expression vector plus a Gl T-fusi on 5xpressi on vector,
the cul ture nmedfhamingo mnd PRBEbekvhshainrt-dsh wetdcombpivedineaie vavtonnepitoki mat el y 16 hours

post aansfecti on; Ematey gfppmedi umis then harvested after culturing the
transfected cells for afurther 120 hours. 102821For the stable 1311K- 1.
502-28-11 cell line, a culture is seeded at 500,000 cells/nl and super nat ant

har vest ed aft er Adti-GD9Gan€body wkiression vebiot PERIRAY20pur i fi cation (02831Mnocl onal
antibody is purified fromculture supernatant using two sequenti al

chr omat ogr aphi ¢ steps, Protein A chronmat ozgra.hy and cation exchange

chr omat ogr a‘ﬁ?ﬂﬂ as dEEERIBRepmbineraasiaai-PD20antody GESAEENEI ¥ER Anal ysi s

[ 0284] O i gosacchadrigdes raphigutibN BV eleiBpkih Bark Gind fdr leiBRnidn eclAt | bodi es by
PNGaseF di gestigﬁ_@13 Wi t hdt he anti bodj es bei nﬂ %it eé I rmobi Ili zed on a PVDE
menbrane or in FISHE TRHPEEYC e TREEFRE 11g "B GREtT YBEAtY'Sh cont ai ni ng the
rel eased ol i gosatighdEBNA&SFakenstruction of the C2B8 expression vector, pPETR1520, the

) C2B8 expression module from pETR1416 was inserted as a HinDII fragment
into oriP-containing vector pETR1507. The vector pETR1416 is similar to

pETR1502 with the exception that in this plasmid the neomycin resistance gene is
under control of the full, instead of the minimal, MPSV promoter.

Anti-fibronectin antibody expression vector pETR 1546

[0209] This vector is the same as vector pETR1520, except that the variable

heavy and light chain coding regions of the C2B8 anti-CD20 antibody have been

‘ replaced by the respective coding regions of antibody L19, a human antibody

recognizing the ED-B domain of fibronectin. The varigble region-encoding DNA

fragments were synthesized by overlap extension PCR method using synthetic

) oligonucleotides based on the sequence of the variable regions of the L19
antibody (Pini, A. et al. J. Biol. Chem. 273(34):21769-76 (1998)).

Anti-EGFR antibody (C225) egpre;sion vector pURSI28

[0210} This vector is the same as vector pETR1520, except that the vanable
heavy and light chain coding regions of the C2B8 anti-CD20 antibody have been
replaced by the respective coding regions of the antibody C225, a chimeric
antibody recognizing the human epidermal growth factor receptor. The variable
region-encoding DNA fragments were synthesized by overlap extension PCR

method using synthetic oligonucleotides based on the sequence of the variable



either prepared directly for MALDUTOF- M5 anal ysis or are further digested

w th EndoH gl ycosi dase prior to sanple preparation for MALDI /rOE-MS anal ysi s
-110- The ol i gosaccbari de rel ease net hod for PVDF nmenbrane-inmobilized

anti bodi es and the oligosaucharide rel ease nethod for anti bodies in solution
are carried out as described in Exanple 1. Use of Endogl ycosi dase H digestion
of PNGaseF-rel eased ol igosacoharides for the assizanment of hybrid

aal actosyl ated oligoso rharide structties to MALDI / TOF-MS neutra

ol i gosacchari de peaks [0286] The PNGase rel eased ol i gosacchari des are
subsequent |y digested with Endogl ycosidase H (EC 3.2.1.96) as described in
Exanpl e 1, MALDIr¢eRarofe (B2Ba B iseaurnees ntralierfovng ie b ouldnbedpaientc, di gest s
contai ni ng the rgleassdiRlkansdeahardcasumassew RRes @Fidol a4nd subsequent |y
run on a MALDIrf OF mass spectroneter as described in anple 1, 6. Cel

Preparati on and °f $81PAERERAPTOPB & B br K 83 de i goeersHRNE | ear cel |'s (PBMC.)
are prepared using H stopaque-1077 (Sigma D agnostics Inc., St Louis, M63178
USA) follow ng essenti al . turer s tions and the protocol
described in Exanplgil. F%?%Biﬂunanﬁﬁﬁﬁggﬁﬁgﬁgéﬁﬁ%é%?ated from PBMC appl yi ng
a negative selection procedure as described in Exanple 1.

ETR1166. Vector for constitutive exprossion of GnTII

[0211] For construction of the GnTIII expression vector pETR 1166, rat GnTIT

was amplified from a rat kidney cDNA Library (Clontech) by PCR. A C-terminal

) c-myc-epitope tag was added immediately upstream of the stop codon of the gene
(amino acid sequence: PEQKLISEEDL )} for [ater, convenient detection of GnTII

by Western Biots. After confirmation of the correct sequence of GnTIII the gene

was inserted under control of the MPSV promoter and a synthetic rabbit beta-

globin polyadenylation signal was added. The final GnTIII expression vector also

contained a separate puromycin resistance cassette for selection, with the

puromycin resistance gene also under the control of the MPSV promoter and

synthetic rabbit beta-globin polyadenylation signal.

pETR1425: Replacement of the first 76 amino acids of GnTII by the first 102
amimo acids of the human GnTIL.

[0212] The construction of this hybrid glycosyltransferase gene was performed
by subsequent overlapping PCR reactions. In one reaction, the stem region of
buman GnTI was amplified using the primers GAB-179 and GAB-180. During
this PCR reaction a Kozak consensus sequence and an Asc] restriction site were
also introduced at the 5 end. The resulting PCR fragment hag a 23 bp overlap
with GuTTII starting at position 229. In a second PCR reaction, the GnTI region
from position 229 to 380 was amplified with the primers GAB-177 and GAB-178
generating 8 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 used as templates in a third PCR reaction (primers GAB-179 and
GAB-178). The resulting fragment was purified and digested with AscI and



S. ADCC Assay [02901?HMO or MC as effector cells are prepared as de, scri bed
above and assayed for their ability to nediate cytotoxicity in an Anti body
Dependent Cel lular Cytotoxicity (ADCC) Assay as described in Exanple 1. 9.
FcgamaR1BA bi nding on NK cells and FcganmaRI Eb bi nding on Raji |ynphoma cells
102911The bi ndi ng of FcganarnaRDI A on freshly isolated NEC cells and the

bi ndi ng of FcgaromaRM on Ftaji |ynphoma cells is determ ned as described in
Exanple 1. 10. Conpl enment dependent cy2-otoxicity assay [0292] Conpl enment
dependent cytotoxicity assays are perfornmed using antibody dilutions according
to the nmethod described in Exanple 1. Results and Di scussion [0293] Assays are
carried out in Eﬂa@étomayedmpﬂﬁstﬂoa(oetwiﬂle\stmpmdbémﬂﬁhﬁnémpmm on of genes

encodi ng. pol ypepiisdes: WakhoColdho Gt b bt A 168 lnkbeBidld iy cel | growth or

anti body producti 0 cell's not producing such pc |ypeptides.
10294] The puri fpmldotarﬂmmaesddﬁ*epﬁ"ﬁm@%@dnﬂm{ml digegiiopt/ el at i on patterns by

MALDI TTOF- N5 asggaslyidieeh i e B TR 2SR Bt SEOMNG, L TS possible
to determine the fraction of different oligosaccharide species within the

total, original PHERIYG HoSereEwarciecaone baenepnl rherl i eenesvasfsh possible to
assi gn StrUCtUr@ﬁla&e@bﬁithfsE@f@(ﬁbhdlﬁgﬂkgﬁwhtrbfb@ﬁu&mmiﬂlgGﬂ-@@fulﬁﬂm&- et al., Nature

Bi otechnol, 17: ]]7]1%142]5 t]élgngmgg)t)le GoTI-GoTI fision under control of the MPSV

promoter and a purotnycin resistance cassette for selection,
) Primer sequences:

GAB-177: GCGTGTGCCTGTGACCCCCGCGCCCCTGCTCCAGCCACTGTCCCC
GAB-178: GAAGGTTTCTCCAGCATCCTGGTACC

GAB-179: CTGAGGCGCGCCGCCACCATGCTGAAGAAGCAGTCTGCAGGGC
GAB-180:
GGGGACAGTGGCTCGAGCAGGGGCGCGGGEETCACAGACACACGCGGT

pETR1506: Replacement of the 76 N-terminal amino acids of GnTTI by the first
100 amino acids of himan mannogidase T,

[0213] The construction of pETR1506 was performed analogously to the
) construction of pETR1425. The stem region of the human mannosidage II gene
was amplified with the primers GAB-252 and GAB-253 using the vector pBlue-

man as a template. During this PCR a Fsel site and a Kozak consensus sequence

were introduced at the 5’ end. The resulting PCR fragment overlaps the GnTIII

gene starting at position 229 by 23 bp. In a second PCR reaction a part of the
GoTII 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 mennosidase II gene at the 5” end and a unique Stul site at the 3’ end.

Both fragments were purified and used ag teraplates in a third PCR with the
primers GAB-252 and GAB-255. The resulting fragment was inserted into
pIC19H giving the vector pPETR1484. After the correct sequence of the insert has



[ 0295] The unnodi fi ed anti body ol i gosaccharide profile is determ ned.
Specifically, it is determined if the engineering of the antibody producing
cells by expression of wild-type CralT |leads mainly to gal act osyl at ed,
core-fucosyl ated, conpl ex biantennary oligosaccharides. It is also determ ned
if the engineering of the antibody-producing cells by expression of a nucleic
acid encoding a GhTl Gal T fusion polypeptide, where the Gaff catal ytic domain
is localized via the Cnill CGol gi |ocal.iggati on domain, |eads mainly to

gal act osyl at ed conpl ex bi antennary ol i gosaccharides relative to the wld-type
Gl T. If gal actosyl ated, non-fucosyl ated and gal act osy]ated, hybrid sti
actures are synbhesoudedsd tidvempleldBision gdnt Zras folshibid RCllpefidpehearepet i ti on bet ween

Gal T and ot her asyl tr feras i dases. |t xpected that once
an oIigosacchargﬁ%gﬁ@%%%ﬁ$¢$%§§VTﬁﬁm§$ﬁg$%§ﬁ§?%m3§%%ﬂpéggﬁgﬁﬁaIT-catalyzed
reaction, al, 6- ¢erecthruFIRY2178 {Bkkl Baekll) @Hegesubngphsmis i(pBl3asd0)1 (Maill) and
Qui LI can no | onger t ‘Qthf / | i gosacchari des.

[ 0296] EndoH g|y8%§P§§§§h@¥6es |5%gh€%Fgﬁh§g%q§¥%ﬁ%ﬁ%ﬁ%?hgﬁé?%een hybrid and
conpl ex ol i gosadBRdmraeter.iFor wlocttbn ofthé pladred inremprabmertsi apurogfyciRe - at t ached

gal act osyl at ed, reglglgﬁcfeyg%%gthggm@gga@@ﬁ%&g%ﬂ%@ﬂulgwpigjdﬂg%i gosacchari des.

[02971 Tests are carried out to determne if the engineering of the
ant i body- pr oducPi8id BETRIBR, expressi on of a nucleic acid encoding a
Matill-Gal T fusion pol ypepticie, where the GalT catalytic donmain is |ocalized

via the Manl | Gg%e%l | ocal i zation donmain, |eads mainly to gal actosyl at ed,
non- f ucosyl at ed” ahd GaF4Zt osyl at ed, hybrid. Specifically, it is deternined
whet hery rel ati esBtapat:he wild-type Gl T and to the GnTl-GI T fusion, the

Mani || -Gl T fusij i @ﬁc%; hCH i é?gqlT i -attached

gal act osyl at ed, bgg%(%gggéy at éﬁﬂgﬁ‘ﬁ%ﬁ}*gﬁgﬁgy at gg(fsd%?gfrr?d&ol i gosacchari des.

[ 0298] As nent i offéB-#Fove, endogl ycosi dase H (EndoH) is used to confirmthe
assi gnment of gabeciasybairebeitdaseassates-andcaniaatrosytated, hybrid
structures to the different oligosaecharide peaks observed in the MALDI
profiles. O th@‘l‘%ﬁgggﬁcchari de gal actose residues thdt carry a gal act ose
resi due, the pecsefitzages of those struetut es that are non-fueosylated hybrid

structures, fucosylate Q?Eg [ ftﬁjas féﬂy: j gosaccl aari de
structures are gg%’(erm %E@ﬁ %@%&ﬁ#ﬁpac%&% thes eve?&o{fodfGal | expressi onand
the particul ar FERHGALEETEKRCdomain that is used to target the Gal T catal ytic
domai n to the Gahglassonatdrecepmeidctrtemhd-tafdeckTT-nodi fi ed ol i gosacchari de
substrates between the reconbi nant GalT-catal ytic domain and the endogenous
core 0 1,6- fueosyltransferase, Manl|l and CnTIl enzynes is determ ned. The

| evel of antibod 5 b rehanbination i troen@LGo T yos{oARER) witkedhel ti ng from

over expr esai on klitakien oaiginionB domFpsiein £ of a nucleic acid encoding a
pol ypeptide with GalT activity that is localized to the Golgi via different

| ocal i z)ati op2uip mai NVsing tieetierniQasd261 and G3B-26D30 Q) frhdnentadost@in@et er m ned whet her

gtycoengi neer ed gt} bodiiesy REQICHL BY ,cEP4 (invitrogen). During this PCR
reaction at both ends of the fragment Sspl and EcoRI sites were infroduced. 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 imto
the vector pETR1001 (digested with BsmBI and 5° overlapping ends filled in
using Klenow polymerase). The resulting plasmid was designated pETR1507. A
Sphl/ Nrul manlI-GnTII expression cassette from pETR1510 was inserted into
pETR1507 digested with the same restriction endonucleases giving the plasmid
pETR1519.



expression in the antibody producing cells of a nucleic acid encoding a fusion
pol ypeptide with GMI activity have increased binding affinity to the human
activating Fe receptor FogammaRDI A or for the in FogammaRl i b. [0301] The Gal T
constructs wll outconpete the activity of the endogenous core

01, 6-fucosyl transferase, glycoengineering the Fe regon of an anti body and,
consequently, increasing ADCC. 103021The ol i gosaccharide profile of an
anti-CD20 antibody produced from EFI Xells growi ng in suspension and

engi neered for constitutive, high-level expression of both the reconbi nant
anti body and a fusion polypeptide with Gail activity is determ ned. The
relative percenq%gmawaknege ol i gosacchari des of the glycoengi neered nonocl onal
ant i body produced X the stable 13T-11C-1502-2S.11 cell line are al so

det ermi ned. EXAMPEE?S MECEPPRIAS TEAT TVEE RO CIC NS TRIGTERREF Marai and OnTE
expressi on vect eias-10303hEoxreansinuetimtrakhatheaBoldcc@XREESSI onvector, a
human mannosi daso LI (SEQ ID NGO !'?) cDNA was subel oned into an expression
vector plasmd tream of the MPS' V pronoter and upstream of a synthetic
rabbit betagl obni pol yadenylation signal. For the G1l Tl expression, an
expressi on vect QiTR| AFBdhbinitdASEfe WbidniaNEGAHTRR ofBinb arfd hohepkbe! : L1 ned

downst ream of t grshieBrEtdMaRE @Rt €r / enhancer and upstream of a bovine growh
hor mone nol yadenyl ati on S|gnal -114 Conbi nati on of the expressi on vectors
with the repl,gati on.o fro pstel F i) 0304]A DNA f ragment
with oriP s?hé;]ubcl cr}In'hé=3 %ﬁg on‘éﬂ ﬁxmc’d&le(?%i I'n f)na xﬁreL An. 11 expression
vect or describe@fabumawd6D@ﬁﬂemﬂtﬂﬁ¥hﬁxppegsﬁbﬂmwb@némmptﬁﬁgﬂ A DNA fragnent
with oriP IS SubGhoNgd. 38dess LA vl @Rl fond o BB @T! | expression

vector described above to give (nTI T expression vector pGTH. 2. Transfection
of LI EK293- EBNA bicistrpnic expression cassette by inserting, downstream of the stop codon of the

man!I-GnTHI fusion, a polio virus IRES element followed by a cDNA encoding

- a truncated human CD4 protein (comprising the human CD4 leader sequence for
secretion followed by the transmembrane and extracellplar domains).

3. Transfection of mammalian cells with GnTII-fusion- and
antibody-expression vectors

Transfection of BHK cells

[0216] Exporentially 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 medium and were transferred to a sterile
electroporation cuvette (0.4 cm gap) already conteining 8 pg circular plasmud

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 uF

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



[ 0305] Exponentially grow ng BEK293-EBNA cells were transfected as described in
Exanpl e 1. For the production of unnodified antibody "Cwm", the cells were
transfected with anti body expression vector (pETR1520). For the production of
t he gl ycoengi neered anti body "Cbrt", the cells were co-trans fected with two
pl asm ds, one for antibody expression (pETR1520) and another for fusion GTIII
pol ypepti de expression (pETR1519) at a ratio of 4:1, respectively. For the
production of the glycoengi neeted ant8body "Cm', the cells were cotransfected
with three plasmd.s, one for antibody expression (pETR1520), one for fusion
GhTLE pol ypepti de expression (pETR1519), and one for mannosi dase || expression
(pCLF9) at a rani® S8COZatodphere esqpbgtn Fel prodkaion tdfemnprodifiet {noon of t he

gl ycoengi neere j " e - with four

o1 Sarm de, "one. rofRkeAPy ofdlies, d1CecBE R BhBSIY SAADR BB P11

pol ypepti de expressiopneqiqETR1Sd Ipduchereofityr elyrarnsstrdomigbdisestpr essi on (pCLF9),
and one for mTéﬂs‘%ggogéﬁgf&{;dg,%@H,mnﬁ, ofle ﬁ%ﬁwp&pﬁ%ng%&@e 33: 0. 33,

respectively. 3. Production and purification of unnodifi and gl ycoengneer ed
ant i bodi es [ 0308heTpfdusionCoipolypeptideiSBR I HE: 16} xpstswatabarabéetffd: above was
replaced by freashesivbiyure nedi um approxi mately 16 hours posnransfection and
the | ater nmediumwas then harvested after culturing the transfected cells for
a further 120 hours, Harvested supernatants were centrifuged for 5 min at 1200
rpm followed biransiegh o’ B

AHEEPAtEENA GRS i on for 10 min at 4000 rpm and kept at
4C. -115- Antibody purification [0307] Monocl onal anti bodies were purified

front cult super pat ant.s, usi n tial chro raphic steps, Protein
A chr onmat ogézg-@hy and™ca %%JH %‘%L% %ﬁ%ﬁ%ﬁ%@ﬁ%&mﬁaﬁg’é‘%ﬁ? bed in Exanple I.
For anti bodi es ®iratriphosphatd iethodnCells whte groam asedbiir¢nit nomlaysicalprexc| usi on

chr omat ogr aphy DREAA: : R, ﬁm Phar maci a) and
phosphat e buff e?hggﬁdlsﬁgbwas gﬁgg{eg@%ﬁesg&?ﬂﬁ%%atl on exc %Jr%lg’g&st ep, and the
monomeri ¢ ant i beasfeqrd alkenibey wer beigeeedd andi80¢4 qopisnle Eprdetibsiontien ysi s

[ 030810 i gosaccliamsiesi WeliBorRAYHRE debdth by nduf et edndid-0ih ih MPmANt | bodies in
solution by PNGaseF digestion as described in Ex%r;g)l e 1. Use of
Vi gy 46@

Endogl ycosi daseP¥EMicg88t pefircblomnesaisd pit EFe s e ¥} des for the

assi gnment of Rybydidl ald s@6tRE Qhdeg af 8Pel idahiillRbad I Met Msescdp MALDI/ TOE- M5
neutral oligosaccharide %%Ekg [O%Qr%-rhi PNGase rel eased ?I |gosacchar| des were
subsequent | y diﬁ'ﬁ%gp qiF t. Foreac {lask to be transfected, a solution of DN.

CaCl; and water was prepared by mixing 47 g total plasmid vector DNA, 235 pd
of a 1M CaCl; solution, and adding water to a final volume of 469 pl. To this
solution, 469 pl of a 50mM HEPES, 280 mMNaCl, 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
medivm. The cells were incubated at 37°C, 5% CQ; 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 1pm, followed by a second centrifugation for 10
min at 4000 rpm and kept at 4°C.



Endogl ycosi dase H (EC 3.2.1.96) as described in Exanple 1. MALDI/ TOF- Mb

[ 0310] Sanpl es containing the enzymatic digests containing the rel eased

ol i gosacchari des were prepared for and subsequently ran on a MALDI PTOF nass
mectroneter as described in Exanple 1. 5.Cell Preparation and |sol ation

[ 0311] Peri pheral bl ood nononucl ear cells (PTIME) were prepared using

Hi st opaque- 1077 (Sigma Di agnhostics Inc., St. Louis, M6317 USA) follow ng
essentially the manufacturer's instrugiions and the protocol described in
Exanple -116- 6. NI1C cell isolation [0312] Human N1C cells were isolated from
PBMC appl yi ng a negative sel ection procedure as described in Exanple 1. 7.
ADCC Assay [ 031G4deBhta s stefld eaidimdliacellise axpreding b eppantethnasti-d®=0r i bed above and
assayed for antibody

[0218] BHK cells (BHK21-13¢) were transfected by electroporation with
pETR1502 C2B8 antibody-expression vector, which contains a peomyein-
resistance gene expression cassetie. Neomycin-resistant clones were first
selected to obtain a set of clones that had chromosomally integrated the
pETR1502 vector DNA. Clones were then screened for recombinant antibody
production nsing an ELIS A assay. Briefly, 24 hours post electroporation, viable
cells were counted and the fransfection efficiency was determined by counting

) fluorescent cells of a parallel, conirol electroporation done with a pEYFP-
expression vector. Cells were diluted in Invitrus selection medinm containing 10
% FCS and 1 mg/ml of neomycin. Usually eight 96-well plates were seeded with
different concentrations of viable, transfected cells (1 x 10°, $ x 10° apd 1 x 107
cells per well) and incubated at 37°C until clones could be identified. Once the
clones had grown to ailmost confluent, the supernatants were anaiysed by ELISA
for entibody production. BLISA paositive 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 flagks, the final antibody titer was determined using an ELISA
assay. Using this electroporation and selection procedure a2 C2B8 amti-CD20
antibody-expressing BHK cell clone (BHK-1502-28) was isolated that produced
13 pg/ml of antibody under the above culture conditions.

Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a GnTIII-fusion

{0219] The clone BHK-1502-28, constitutively expressing ant-CD20
monoclonal antibody genes and the neomycein resistance gene, was transfected
with the pETR 1537 expression vector by electroporation. pETR1537 is a vector
for constitutive expression of the ManII-GntIIl gene and a truncated form of
human CD4, the later IRES-dependently expressed. The vector also contains a
puromycin-resistance gene expression cassette. Piromycin-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



their ability to nediate cytotoxicity in an Anti body Dependent Cell ul ar
Cytotoxicity (ADCC) Assay as described in Exanple 1. 8. FcgammaRDI A bi ndi ng
on NK cells [0314] The bi nding of FcgammaREHA on freshly isolated NK cells and
t he binding of FcgammaRIfb was determ ned as described in Exanple I. 9.

Conpl enent dependent cytotoxicity assay [03151Conpl enment dependent
cytotoxicity assays were perforned using antibody dilutions according to the
met hod described in Exanple 1, with t¥e followi ng nodification for the
preparation of the human conpl ement source. Briefly, normal human serum ( NHS)
was prepared from bl ood of healthy volunteers. The blood was all owed to cl ot

for one hour arfeadClieRtP4)s vigetseries sppmagertipr exprssippdevelrpfdhicel | - free

supernat ant serygnRoyas Mhil-cauaiech afde shakesh il ReBBGnalNERive@s used at 20% of
final assay volune. Results and D scussi onuei%0316] J ycoengi neered versions of
an anti-CD20 crﬁ'?fjé‘Fti‘%°?é€3im§WFB‘??ﬁV”(‘@%@ B iEFEIEA B8 body, al so known as
rituxi mab) [eeeole pr ovueBdpHIR 16T @ef BIA wag ligdtidell a5 Xainl NRBo@Abl an cells with
vectors for exptlr_esisi.on o% antj_hod egac.i:ﬂnts %and Wi t vg{gt.ors aﬁlqr expressi na of
genes encodi ng BOISHRPLTded St K& T Fn 'St i W (RFZHG FRiBeF dasel | . An
addi ti onal gl ycbentcmeesiBdenantwabdeyprmidéd- afiee 24 ibows ity @bhgngnatie by
co-transfectin f i i - f expr essi on of
gexﬁlgé%gt@s Qer EB&'FE@L. 589} of 2 LeBls Whit Q?;Y&s% Sivrp! 8L €XP

anti body genes and. ectors for expression of genes encodi ng pol ypeptides
with OnT111 act¥iapility wapghAbsi deesefdy aftst itrggstoptiong nells Qrepsfectedaeit vi ty. For

gl ycoengi neer ed, Rl s QL YEVIPW dre serilB! distedRN € 06,9-5001aN86E&H S0 t h two pl asm ds,
one for anti bo'l‘él expressi on, (PETR1520), aone for fusion GTDl pol ypepti de
expressjon (pE u“%’i@?d.Se@@?’"&%wgé’%ﬁsﬁ&élﬁéﬂ"a]r'i’leBfoQﬁFﬂ'”ésﬂh?‘m?f’el s were
co-transfect ed Médnln {Ihiitee, 10%-FE8 2H00S/mIQRemias, 1 apfribedycRXassi on (pETR1520),
one for fusion OnTa II g%e%t,ide expressi on 8 ETR1519),,  and one for mannosi dase
11 expression (BB AL YooY Sio SNy e ST e By~ el Is are
co-traasf ect ed @Gib4 (¢Cih4) exprestiasad agibodyrapk@ionant i body expression (p El R1520),

f fasi,on On fill | ' . i E f
one {9 L2TED O el AbKRRLL St RRSS e R AR B r Tor
at. An umodi fiw@dW@h@md@EyG&a@imgmmyedwéhﬁﬂloﬁﬂmz_mﬁh:emm anti body, "Cwt"
was produced byplrANSLAGLL i IRITRL] Al el 1o A No Wabll biG,eCt O TOr
e transtfected ce ep

anti body gene expression. T's were In culture for five
days and the seefuencedrd it GoolfsiGednier apd byl edth aBAES Figuel7AdB) rom the culture

medi um  Expr es sk opndfit0eResxsas8H 1408 o PRIDY REPLISESEIK RofRel /)] and Ml |
activity did not have any significant ect on cell viability, cell growth

! . ef f . :

or antibody pr oftfE PHR ot FuinRp e fagk derqdece grouiapd i) sybedycte
gl yai syl tr ansf efas@e@f 1 DLYE0SI dsleRsRdRoRYBAPt i des. 103171The purified
anti bodi es were then analyzed for their glycosylation patterns. These
antibodies carry N-linked oligosaccharides attached only to Asn297 residue of
the human 1gGlL Fe régi ofrodyuiien gidinydfestierhefrnmedigedgad slyeoqegmeamed cal |y renoved
from anti bodi es by PNGag®fedipgesti on and were subsequently anal yzed by
MALDI / TOF-MS. Using this technique, it is possible to determne the fraction

ndenedipeci es W thin the total, original

of different ol igeosteoledide
Fe-ol i gosaccharide population, and it is also possible to assiga structures

Lo dnfTer enioBeaks | LS PRREL AL YIBI0 ihodf bin UL, OT 0T MU 17: 176-

co-transfected with en antibody expression vector plus a GnTHI-fusion
expression vector, the culture supernatant was harvested after culturing the
transfected cells for 96 h post transfection. Depending on the expected
productivity, several electroporations (10-15) were done for the same vector.
[0223) In the case of HEK293-EBNA cells transfected with en antibody

expression vector or co-transfected with an expression vector plus a GoTHI-



103181Fi gure 26 shows the neutral o |ligosacchan de MALDYTOR-MS profile from
the =nodified, reconbinant C2B8 anti-CD20 chineric 1gGlL anti body Cwm. As for
t he unnodi fied anti body previously described in Exanple 1, Figure 5 Cm
-118- had a typical oligosaccharide profile, with peaks at mz ratios of
1485, 1648 and 1810 bei ng consistent with biantennary, core-fucosyl ated,
conpl ex oh gosaccharides with 0, 1- and 2-gal actose resi dues, respectively.
Engi neeri ng of the antibody-produci ng5ceUs by expression of a nucleic acid
encodi ng a MannGhTM fusi on pol ypeptide, where the GaTlIIl catalytic domain is
| ocal i zed via the Mania Golgi |ocalization domain led to the production of
s.n anti body ( Gdn)exphwice vedha, e jcdivid pedifm whaereflecedd|bydoshodtre | des were

bi sect ed, “0“‘f&bﬁﬁ&%ﬁk@:@gﬂm&yPéﬂoqxsg%‘éﬁ-mﬁfe&%?.ﬁnd?t@mﬁ%%&%%&&ed in Exanple 1,

endogl yeosi dase Fl H) was us to confirmthe assignment of bisected

non- f ucosyl at edeEpEdsfte setvans the asteeiedaels for afraler 130 howe. di f f er ent

ol i gosacch@nbfle peaksohaasmed in 2khg Miabla cRbeddds §ded 384, 80ENGI neeri ng of

t he anti body-produci ng cells by co-expressi on of a nucleic acid encoding a
Man. 11- Cri TM f (Felisont apbiupesct bevestifrdiet dapeofepireyhen dscal $f domain i s

| ocal i zed vi a twhelManbdvidicishoeal hzadlivapilidamesm, and a nucleic acid encodi ng
Mardi, led to the production of an antibody (Cm when the majority of the

R -ol i gosaccbari des were bisected., non-fucosyl ated conplex (see Figure 28).
Engi neeri ng of Autikedymesifisali®n - pr oduci ng cel | s by co-expression of a nucleic
acid encoding a Manlii-GnTLII fusion pol ypeptide, where the Gni 111 catalytic
domain is lize I IM@QQ i Jl.ocal i I.on mai a nucleic acid
encodi n (%%ﬂand gwﬁﬁ@f%?%la0|d %ﬁﬁéﬁﬁﬂ%ﬁﬁé%ﬁﬁ?g&%Pg%ggm?%“¥he producti on of
an antibody ( Ceegyjutipheirematdgeaphinj steps- t yThefirst aécp Feenidtedgols BotshaAi des ar e

bi sect ed, nonf L&%ﬁﬂ&@%ﬁ?umh@memmpﬁm&e&&me% telbovRiE bud,

non-f seosyl ated co ex_ Fe-attached ol i gosacchari des even higher than that of
anti body Cm 108281E0h e 20 TlpBdY 4 S8t9D SEhes Framaiosprbi érR s ed

ant i body- depenagihngg &lelsithp bugitte plosptia iblifferddARiE@BI)eSUl ti ng frau expression
in the antibody-producing cells of a nucleic acid encoding a Mar Tl -G1TlCl
fusion polypep tide, where the on nil catalytic donmain is |localized via the
Mann Gol gi | ocalization donain, where the Mann-CGEM I | -encodi ng nucleic acid
i's expressed eitherson pligsQWiladaygedy Cbrt) or co-expressed in the

anti body producing cells together with a nucleic acid encoding Mann (Cm
Therefore, increasing the | evel of bisected, non-fucosyl ated ol i gosacchari des
of either {1036lhybr i dhigosacehandsh exreteppmatiqally redeafed fomgtho mtibfdiesiy gl ycoengi necr ed
anti bodi es | eadyd.QridheiSRSeE RDGRHAGE bithd dtper inhbPinzci Q32 bviat ural killer (NK)
cells are known to be 1 nportant nediators of ADCC. These cells carry on their
surface the actFUHERNY FoY4Phma receptor MA, al so known as CDl16a. Binding of
t he Pc reghnwﬂKof rFﬁr&ﬁﬁ@?mgﬁf#ﬁﬂ$@Uﬂﬂmﬁﬂiﬁfﬁﬂt@ﬁoﬁk?ﬁ£%ﬁh&”“aR|||A ]
receptors on .cells is. essenti cr.osslinking of the receptors on the
N ool 1 and suBSUR R R O RS SRpdt oRen e e or L ant 1 o

eval uat e t he biwith Figlolbfaiycdselasngriob od sapplepproduation fdo WM AHRL TRR-MSds descri bed here
to Pc receptorg?ﬂ%ﬁ_particular to receptors in the native formin which the
human i mmune effecter cells display them Figure 30 denonstrates that

gl ycoengi neered anti bodi es produced by expression in the antibody producing
cel | s of a nucligesashidiie elteedictod r FUBF armpahsspepbilickel snditoltie€Cof fin activity,
expressed either on its own (antibody Cirt) or ca-expressed in the antibody
producing cells together with a nucleic_acid encoding Math (Crv, have

i ncreased HPAWi ng afrrriitofs tovtipitmma it YR Repieer MiEBEor - FcgamaRDI A.

As nentioned abny@rd Phssich@ctPebnBaRakss wdbEsRn Bl Redilsmaiee | ncreased
| evel s of bisected, non-flangglated oll%?saccharldes that result fromthe

expression in tHEER FBERTEERb BE EIVRG Raabrage Byng WermBPH Py pept i de wit h
OnTl 1 acti vity.MitkdRd] vadhemnehidse (Millipele gty Mabtechhews) THefPvDIFsect ed,

non- f ueosyl at ed oli gosaccharides of ejther the hybrid or conplex type in the
o eg onof  t MBS qTeHEt PEc St T S0 Pt S o B e aBa ADC &
activity. The NK cells used in this assay were froma donor of a genotype

t hat does not express the FcgarnmaR ic receptor on their NEC cells (Metes, D
etal. .1 Ingnunot Methods 258(1-2):85-95 (2001)). Therefore the only Fe
receptor on the surface of these cells is the activating FcgammaRLI JA
receptor.




[ 03231The bi ndi ng domai n of the activating FegammaR1118 receptor is al nost
identical to that of the Fcga.maR |1 A Therefore, the above data al so

i ndi cates that gl ycoengi neered anti bodi es described here can lead to

i ncreased effector functions nediated by effector cells displaying the

Fcgar nmaRVB, such as pol ynorphonticlear (P.MN) cells, including rel ease of
toxi c products and phagocytosis ((Reff, ME and Heard, C Crit Rev Oncol
Hemat ol 40(1):25-35 (2001), Daerott, B8 Annu. Rev, Immunol. 15:203-34(1997),
Ra.vetch, J.V. and Holland S. Ants. Rev. I|nmunol. 19:275-90(2001)). -120-
10324) d an, an anti-CD20 anti body produced in cells engineered for expression
of the nucleic aeivddeitcKgi ROMauiffa SMOUrem G bon iid, llemM BOTACHT 881 activity and

| ocalized to the Crol via th l.ocal i zat.i.on_d s tested also for
conpl enent medi ‘é"dﬁq S|§gf’t§i’/ﬁc§' Bﬁ%@%?“é%“@%ﬂ%ﬁ&hﬂﬂ’\t&aron that is not
dependent on PcThemﬁmhmew@uwmmmmﬁtmﬁmmﬁaiyla@mﬂgwcmm maj ority of the
ol i gosacchari de hIS oen ed ant i, sected hybrid
nonf ucosyl at ed ?{7 f—@ﬁt’(g"e ﬂ?’l%gég%%éﬁb% bﬂlhf"le Cbrt anti body
conpared to t he raangmsliof Hﬁdﬁcﬁﬂiﬂdﬁw% CWortéd BL4ditidd bt SC-QN ofSOME appl i cati ons
anti bodies wth jincreased A ut with reduced CM. may be desirable, for

exanpl e to redufglidugie! Blfq‘%ﬂdm%‘?@ﬂn%fs% Vdetltitis in the blood vessel s at

the tunor sjotm) nedlfau@dn@ydﬂdn a ¥oled waslafplied {oGauntve EMMithiotireseti at ed
side-effects hav tﬁserllvﬁcﬂ fgl anti - 0 anti bod téper aer (van der Kol k
L.E et al. Br ﬁo'ftlwﬁ £ et YA 86 A1 T)tﬁm"’s is possible to

pr oduce gI ycoengef&eeﬁednmme&aﬂdxmﬁmﬁ;&naf&em&ﬁe%ﬁﬁﬁmﬁry and
FcganunaRDl bin U th ant ctivity relative to
the unnodifi ed gh‘?‘q’b g,oa%ggc ?"hdol{l%‘éﬂc'f‘&é Jf‘%ﬁgﬂ%%u g’cﬁ%“’fﬁﬁ‘&’d?e 31). Such

ant i bodi es woul ¢heldakdce§0ma:bl e for appl i catl ons V\/nere maxi mal target cell

el imnation ui res, o C I tiyation and CM.
activity. Th"iﬁ% i gosacchar glg profil es ggsgfpﬁebcgﬁgaﬁe S ov?/het{hat i s possible
t o engi neer cel bubstqoenfly peRheEhantindgsadiha80 mivates Tae FepPHmemlyrangfwas he Fe- at t ached

ol | gosacchari de type instead of
hybrid type by cﬁlgx\ﬁeg%rgjetsélp&cg %&5%%%{&9%?%#88&}! %pep%gggd "[?B(f)get her with a
nucl ei ¢ aci d enebui"nguidassoluti¢reaf pélipaupyaaldony 360 etg@tnﬁempmmrhfoal nucl eic acid
encodi ng Mardi - ang WelplhcBndYSeRivis @h Gnf o bRkl Bpdy COng) . The

gl ycoengi neered anti bodi'es have increased A activity and 1ncreased
FcgammaRt h bi nditiey wafhes Witk 3P0¢thgttccorrel ates with their increased | evels of

bi sect ed nofyzfiycOSy Nl AlsbAASAGENAE ARtbed WikdiRod ol EMi@C LT Vi Ly | ner eased

as the fraction_of conplex oli gcsaccharl des increases relative to the
fraction of hybM B"8HFH6E HECREFFIEOcpss s K GRPEa d 298 15 Lvi ous exampl es
have descri bed Shﬂdﬂ@é(RGBEKOpm@flto;f L&)pnﬁokjﬁﬁﬁptmﬂ@o&lﬂﬁ@dbﬁh@wud ei ¢ acids,

catalyti ¢ domni RoERAPRERTREe: MR ehBsgaoLe Fuaseybor BIEPEr acos for o

lisps accharl de)l@ﬁmeptheﬁ‘orpmw@u&mﬁsaﬁmdl fied via GhTT- -121- catal yzed
reacti ons. Reconbi nant gl ycoproreins produced by such engi neered host cells
have i ncreased Ievels cf non- fucos Iated,ollgosaccharldes Thi's exanpl e
denonstrat es t h&¥ieesaeckangs e Bisth PPHOS0EBM s of nucleic acids encoding
Manl | and/or GCI'l toget her W|th t he above f usi on- pol ypepti de encodi ng nucleic
aci ds, | eadgyhp an IIGLEATEN) I 1P RhOSNUNGLd Gud ) YKl FYRESE cOMPl ex i nstead
of hybrid ol'ig saccharlc es and &t ere re to the synthesis o gl ycoprot ei ns
with increased K@VELESdﬁ)mmeTma&VIOaneﬁhab@meei&S@Iumgmmm;| des relative to

gl ycoproteins p%%%&%uﬁaMg§I3th%E?éexpr essing the Mann- and/or

@un: | -encodi ng ei ¢ aci Over expressi on of a-Mannosi dase
Mol ecul ar cl oni ng Human a- Mannosi dase |1 [ 0326] The gene coding for the human
a- Mannosi dase | {Ugd §t/Prli@iddsidhse(HEdifestion of PNGaseF-released oligosaccharides for

the assignment of hybrid bisected oligosaccharide structures to I/TOF-MS

neutral oligosaccharide peaks




12.1.114) (SEQ ID NGO 17), under the control of the MYSV pronoter, was cl oned
in an expression vector containing the Oi P elenment The resulting expression
vector pCLF9 is shown in Figure 32A. The expression vectors coding for the

| i ght and heavy chain of the anti-CD20 nonocl onal anti body were respectively
pPpETR1842 and pETR1843 (Figures 328 and 32C). Elision protein Manfl-Gall
[0327) A fusion protein (SEQ I D NO 20), consisting of the Waal CTS and the
catal ytic domain of the human 0 1, 4-gal actosyl ti ansferase (M22921, am no acids
126-397) was constructed as descri bed®bel ow.  The hmManl | CTS regi on was
anplified by PCR from pETR1484 (CF33, GAB252). The catalytic domain of GalT
(am no aci 6- 397 lified using CF31 and 35 from pBlueGl T. The
hvanl | fconbiﬁ%ﬁﬁw]f‘ﬁé &\ F}%é‘?‘%?ﬂ‘i’sﬁquﬁ? Y& 3 Bbt ai n a fusion
protei n conhol | eaddgyycdstiese MRSL;3.20r W tioe the BpdolERRg}tion T1%enU oflBdeH Whol € Gal T gene

NG 16) : - MRLREPL ISR RS EFACHET DAVCA FE TR o oo (550 1D

LPQLVGVS1 PL OGCGShiSASA keSS SCHl e Gl fBEARRREP LGNS SERRGCi DS thERnix was

WOSCECEASL VPP EAEEEST VNNl e

VLORQQLDYG YVI NGMGET loF i RAlokbieNviEeQRAIk @RYENICEAASDVhDink PINBEHNAYRCFS

QPRI BSVAMDKEGFS - .

YG:PNNYV\GV\G(EDD[E)I? %@f\%@%ﬁ%&%@%&%ﬁﬁ Sgeres complex type

NEPNI ' QRFDRI AHT REBPRACSREIeRISE TYAVATTIVASRYPL YTQ TVDI GTPS [ 0328] The 5' of Gal T was
anplified with CF32i CF38 and a Rd restriction site was added in front of the
gene_ The sequepge was . Ya sequenci ng and exchanged in pCLF24 by
Fsel /Dral || digestrom (] . e OTP was added to pCLF24 and pCLF26 to
generate respectively pCLF25 and pCLF27 (Figures 33A and 33B). Expression of
a- Mannosi d?[seswgd NBI&alenthjﬂhﬁEl digests E&i‘u’mh ‘ﬁﬁ@ﬂzEBé}Asﬁehig@sa&cﬁﬁﬂﬁ xFrM(f 293- EBNA cells
were transfecte i t al i um pho at e ..met ... Br.i or the
transfection of mﬁ‘\l,gf%&r a%g&ﬂ ﬂ‘f’“oﬁ‘ig%&ﬁgghe\éfhgg%goéﬁ?ﬁ a?ﬂ?%%ﬁ?aé bef or e
transfecti on i noc@8entrhtiocDVEIND mM) U dFGEE; sulbfcitlygasaa tiaght.6ivhofaatidn | ncubat ed at 37C,
5% CO2 overni gh E ( f , a solution of
DNA, CaCl2 and \%\"/é’%lien%gvx%eg‘is" Péﬁﬁ?%*&%@%ﬁ?%?ﬁ i ‘?‘é%lt%%ﬁ %ﬁ%%% d vector DNA
469 id of a 1M Extyedanghpagkdddnio saperodncPIglmmeeeraphy calufp fBieRado| une of 938iil .

To this sol uti oRgwit2d&dPto Igg;m@ caAMutdERRSns. 280 nidYbihNaGr khe rdsulfin Na2HPa4sol ution

at pH 7.05 was added and nm xed imediately for 10 sec and |eft to stand at

room t enper at ur EFPEyves gpeligd o a syipless fleshametivhir: td L rhPereiiMthl 24 Ml of DVEM
suppl ement ed W hof2ECnix aDUBagG@dwiOpréfied b3 98sdAnd? agarefs-t he exi sting

medi um The cel | ; r . R
&iydvr\gxygenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 ml of

ethanol/10 mM aqueous sodium chloride 1:1 (v/v). The samples were air dried,

0.2 pl ethanol was applied, and the samples were finally allowed to re-crystallize

A

under air.

MAILDVTOF-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.



-123- incubated at 37C, 5% CO2 for about 17 to 20 hours, and the medi um was
replaced with 30 mMm DM Elvl, 10% FCS. [0331] For testing the a-Mannosidase I T
ef fect on core-fucosyltransferase conpetition, the cells were transferred with
pETR1842, pETR1843 and pCLF9 at a ratio of 2:2:1 respectively. For the fusion
protein Marill-Gl T, the cells were transfected wth pETR1842, pElIR1843 and
pCLE25 at a ratio of 2:2:1 respectively. At day 5 post-transfecti on,

supernat ant was harvested, centrifuge@8-for 5 mn at 1200 rpm followed hy a
second centrifugation for 10 mn at 4000 rpm filtered and kept at 4C.
Purification of and-0020 nonocl onal antibody [0332] The nonocl onal anti body was
purified from30 nl 6of FBHErFrapa¥enby two step chromat ography, invol ving rust
a Protein A chromatogir hy, to separate th,.. nonocl onal annbody fromthe cow
anti body priement i nPefdpherslebluioy mioadduciee ctely FBME wan pespatedngiag chr omat ogr aphy,

to buffer excha t he | e t0 PBS. i ace I a}ml ysik S PNGaseF
di gestion 10333@%%5 ue'%\@?lr@ﬁ[g? Igﬁl?%gsd%sg?rp ‘é“’?@@%é? Was} ailw‘crl]cubat ed with N
d ycosi dase F (fodconbissrainlly tRowheactSmi inztexctiand) braf, veuols efldvak . The di gesti on

was perforned i&%%ﬁg%ﬁ%.wg EE6 vEQkteons PRWSe gggged’stgigal ﬁgpp rel eased neunal

ol i gosacchari des were then i nCubated at 150nM acetic aci or 3 hours at room
t enper at ure. Th@ingghfuB ot ieondsidn ngwagitheadregitash obnasraidillee eglls on exchange resin

(AGH0177- X8 resiNk) iﬂwmcﬁg.eme Bﬁsmasﬁﬁlﬁedag&sm;hﬂsql%mhﬁf ewl es, CA) packed
i gesti o' [ 033t e AR P UTRGEaY” b PRI PPHE B B est ed wi 1
Endogl yc osi dasefolB (& aFodn tmPaatuleQHkithGubie e rTha fithphasatomairyge cl eavi ng
h. the PBMC was collected and washed with PBS (50 ml per cells from two
gradients) and harvested by centrifugation at 300 x g for 10 minutes at RT. After
resuspension 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 m the appropriate medium for the subsequent procedures.

7. NK Cell Isolation

[0237] Human NK cells were isclated 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
ul 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



bet ween the N-acetyl ghi cosam ne residues of the chitobiose core of NI|inked
-124- oligosaccharides, prior to acetic acid treatnent. The enzyne wll cleave
ol i gomannose and nost hybrid type gl ycans, whereas conpl ex type

ol i gosacchari des are not hydrol yzed. [0335] The ol i gosacchari des were digested
wi th 02 nall/pl Endogl ycosydase Hin 2mM Tris, pH 7.0. The digestion is
performed at 37C for 3 hours. The oligosaccharides were incubated 3 h at room
tenperature at 150 nM acetic acid, anggsubsequently desalted with 0.6 ni
cation exchange resin (A650 WX8 resin, hydrogen for ru, 100-200 nesh, BioR
ad, Switzerland) packed into a mcro biospin chromatography colum (Bi oRad,

Swit zerl and). Natbo*mmsctu&ammleadedmm cd @338t has Facad #liahy dr oxybenzoi c

acid matri x (sDEB)_ was _prepared di ssol ving 2 of 2, 5-di hydroxyben7oic
acid + 0.1 rug ﬁ%%ﬁ%@@“ﬁ@?(ﬁﬂ%cﬁbﬂgﬁﬁe@t‘H]é"n’ﬁ"lsl 10 mM aqueous

sodi um chl ori d6w3,s'h3d\(f1‘ﬂi3/})3 mliMACS bffer. TaoRlien e SoRibigadattion avest ai Nl ess st eel

bl ot hanol was AHSTTLET RFDOTCR B e PO PRRE GACBCRER mmss

spectronet er useﬂu@mmammmmwameQSﬁass spectra was a Voyager Elite (Perspective
Bi osysterns) equi pped with delayed extraction. The instrument was operated in
the refl ector node. Positj ions were accelerated to 20 kV after 75 ns del ay.
Fi ve spectra of 40 §hotsAPé§5m§Hots) were conbined to obtain the final
spectrum External calibration using oligosaccharide standards was used for
mass assi gnifei of EEMG oK affeRlonegBe erp Pyparpras fdpscebefl B3B8 1Tee ol i gosacchari de

profile of the @@&br@ﬁgﬁaﬁﬁBMQQQMJE&@ﬂﬂﬁ@ﬂmM@a&ﬂﬁKQ&@%&ﬁ&ﬁv&% Manllis shown in
Fi gure 34. The ol igosaccharides found associated to the Fe portion of the

anti body are COWB?€§a§¥r%ﬂﬁﬁ?@smﬁﬁ%@’ETA@ﬁVbﬁw¢§%Kﬂﬂﬁ%a@H%@mF ucosc. The
a- Mannosi dase lilonc@Renes otk th alid1§0 ﬁqueewaumsuﬂdtbau@ﬁlsé eEl@pktes.gener ati ng 48% of

non-fucosyl ated ol | 9OR ASTIBE btBodes s SKWa1 or Normdfere DI pmmlS e SiLs
grown in DMEM containing 10% FCS. Target cells were washed in PBS,
counted and resuspended in AIM-V at 0.3 million per ml in order to add 30'000
cells in 100 pl per microwell. Antibodies were diluted 1n AIM-V, added in 50 pl
to the pre-plated target cells and allowed to bind to the targets for 10 minutes at
RT. Then the effector cells were added and the plate was incubated for 4 hours at
37°C in a humified atmoshpere containing 5% CO,. Killing of target cells was
assessed by measurement of lactate dehydrogenase (LDH) release from damaged
cells using the Cytotoxicity Detection kit (Roche Diagnostics, Rotkreuz,
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 om 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% Trton X-100.
Percentage of specific antibody-mediated kalling was calculated as follows: ((x —
SR)/(MR — SR)*100, where x is the mean of Vmax at a specific antibody



-125- a-Matnosidase I, the oligosacclaarides of the Fe portion of the

anti body are conposed only of fueosylated structures (wld type antibody).

[ 03391The ol i gosaccharide profile of an anti-CD20 anti body produced in the
presence of the fusion protein Manll-CralT is shown in Figure 35A-B. As for
a.- Mannosidase Il, also in the case of the fusion protein ManTl-Gall, the
anmount of non-fucosyl ated ol i gosacchari de structures increases. A high

per cent age of nonfucosyl ated structur@® consist in high mannose structures
(na/z 1256, 1419 and 1581). To this 67% of non fucosyl ated sugars, an

additicnal 30% of hybrid, nonfacosylated structures were found (ink 1622).
Therefore, the sHNpITaios Teiatemeael YRex oiihe sroniaesotreleaseant R isthe pr ot ei n

Manl | - Gal T showgea! d19sdax 3009maimneidasecosyl at ed structures. Bi ol ogi cal
activity of antibodies produced in the presence of tt-Mannsosidase Il or

fusion protein Mann-Cal T [03401In order to determ ne the effect of the action
of a-Mannosi dase |1 %nd RaRIOA i@xlidE oo Eyasks i n t he conpetition of the
core-f-ucosyltransferase, relevant biological assays were performed. The
sanpl es wer piopst ed Hakly iigdlased INID cell Bl vk @ehriflga engiaes sebd wlgaind cyt ot oxi city
(ADCC) and for binding. .ecept.or. r n surface of an
engi neered CHO 8%{;?&‘59%%%%(’%@3@@%"‘% *’E&?"”g?‘ﬁ’d%@%%gm&g&bose? 103411The
cell line CHO 178893 bydxpbatiss@d 10Tvellstosl a5 mwofadeapetehee foc § RirGeA to ecept or  ( C3D16)
and the y chain & LYRlcial L SEPUBL 1and RE £XIEESS] R FeyRI | LA
receptor (CD16) r%’é Iggggsseémg Ag aﬁa??’sié’%s?h}ﬁt ae_%%gﬁﬂ TC nonocl onal
anti body (FI%tMe 36)Celqtae 17080 with BBY.&. 1S, DA GPrdtiadzde 1 Mtoirol in

PBS, 0.1% BSA Watdofichtibe0hs ANkidRdYyx MALIHAMIS: p1Y, 0dis iBEAr @01z, concent rat i ons
and in trip]icat cel | i ncubated for

(10, 3, 1, 0.3, 0.1 gzg{{irrﬂ) es, Th wer
30 min at 4C an&®EFh@Gue APy SHHa SFE P ‘Iﬂgls‘?’ O’ %héA.%OAHH?body bi ndi ng was
det eﬁt ed by i ncw&mbdyngn'msi for 1% Bs@ﬂatfzﬂ’(u@eﬂiﬁﬁ&i: rrt]hemulazz@d two timeskand
i sot hi ocyanat e- conj t F(ab')2 goat anti-hu _ Jackson
i nmunoReasear ch?%@?%@ﬁﬂ%eg%ﬂft@%r %?éomﬁ’i%ﬁmﬁt .{‘%ﬁe(ﬂf‘?’rﬁ(‘i?‘%scence intensity
referring to thé&obhoundataainjvastety Fabiyanisa wastidemar miged (@wksan FACSCal | bur (DI )
Bi osci ence, SangJose, CA) ' LY 2l 1S, 2of 0ld 0w ngisant i body
variants were i r%:%ﬁngg I nCh‘tgﬁég[ Eﬁ’ﬁ%% ﬁggﬁs%%umggérg?%%%ts:ﬁyh&

cells (BD Pharmingen, san Diego, CA) for 30 minutes at 4°C. (Shields R. er al.

J. Biol. Chem. 277(30):26733-26740 (2002)).

[0241] The fluorescence mtensity referring to the bound antibedy variants was

determined for CD56+ cells on a FACSCalibur (BD Bioscience, San Jose, CA).

10.  FcgammaRIIb binding on Raji [ymphoma cells

10242] 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% NaNa, and 180 pl added per FACS fube.
Ten-fold antibody diluticns (0, 0.1, 0.3, 1, 3, 10, 30 pg/ml) of L19-unmodified
and .19 glycoengineered monocloneat antibodies were added to the Raji cells and
incubated at 4°C for 30 min (final cells concentration 2 millien cells/ml). After
two washes, 1:200 of fluorescein isothiocyanate-conjugated F{ab’); goat anti-
humar 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



w8 (wld type 1) Mann (a- Mannosidase |11) [0342] The anti body produced in the
presence of a-Marnosidase Il (Mann) binds to the FcyRIII1 A receptor with

hi gher affinity than the wild type antibodies. in vitro Anti body- Dependent
Cellular CrotoxicitY (ADCC) [0343] Peripheral bl ood nononucl ear cells (PBM)
wer e prepared using H stopaque-1077 (Sigma D agnostics Inc., St. Louis,
MD63178 USA) and: follow ng essentially the manufacturer's inst-uctions” In
bri ef, venuous bl ood was taken with #&parinized syringes from vol onteras who
were asked to run for 1 min at full power in ordea to increase the percentage
of natural killer cells (NK) in the blood. The blood was diluted 1:0.75-1.3
wi t hPBS not contetind aniigod3eyadants wys detrgminetyon p EYCHPrlibir SBIdPiaspisecelT7. The gradi ent
was centrifugedjat 4009 Q539 Mn at roomtenperature (RI) w thout breaks.
The interphase contai'ning the PBMC was col |l ected and washed with PBS (50niper
cells fromtw gradints) and harvested by centrilgation at 300g for 10 m n at
RT. After resuspensilon ofopiendpedehatienitdioxRBEassie PBMC wer e counted and
washed a second tinme by centrifugation at 200g for 10 mn at RT. The cells

were then rgg [Mzgendqqrg'eﬂcehhem%%%awﬁﬁe@ WBRABI Qb erdd e ARSE quent

pr ocedur es, 41The (l,l target cells were washed in PBS, counted and
%

resuspended in BRERPEDOS réion elepen marfRw! wils werppleted pavellig 2 flabg t hese, 1: 100

cal cei n was add%ﬁ'ﬂoﬁmﬁv@ﬂbi&& M@dﬂdﬂ@ﬁbﬁﬁ%&gmﬁﬁhﬁ@mw&&aﬂag&ce' l's were then
washed in PBS, counted and resuspended in AlMV a per mL O this

cell -127- susﬁ%Fﬂs‘PE‘ﬁCeuiO&S‘“b?d‘WF’é%ﬁ%’bﬁgw%?qusg’“am B bottom 96 wel |
pl ate. Antibodi esm\enpersirb. menlsﬁmﬁl do%lkﬁmrmqi@ﬁdely WasSigkshl tia@ed, he prepl at ed
target ¢ells an thet ets 10 mn at RT. PBMC as

ef f ect o? cells aﬂ'%%&pﬁ%@ﬁ%’}‘éﬂﬂag 5’ ?/‘Eeus%‘i‘g PEPPREEBY to target ratio
was 25:1. The ef(@ﬁmaﬁfLabaiaibﬁesmmrqpiranad@dnbambthEerMnﬁfagﬁEr difuted n Al MV nmedi um
and 50 pl were e I wa cubat for 4 hours at 37C in
a hurnified at nggglgwtﬁ)g'@ént aflr?fldngms@ Eﬁh sqs %&é’?‘é%ﬁ?ﬁ%‘& *¥wi ce in PBS and
200 ill of bor ats@ms)ww:h@ud\f@ﬂ@maomléﬁcwﬁnﬂeladdi@noéthtmsget cells was assessed
by neasurin cal c%g%aféags@ge b ka8 rredi v meaf ket Il ¥sls wth the borate

1

solution (F 7). 00N: Nati ons release was asure romwells

cont ai ni ng onl y determgped bamepswingd Qifbrelegse| Brigilp e piddesarerd doufdfugsd avhxi mal r el ease
was determ ned Hoopm ek b, SONGAlALAG waavia@ert&ﬁ;fer&ﬁu asne@@@wh% Triton X-100.

Percent age of specific anti body-nedi gted killing was cal cul ated as foll ows:

((x - SR/ (MR - PBR)fmd 100, ofibrerseny xesgent fibre trreafotoficitndsit @ects) spgeci fic anti body
concentration, §Eée,dI§m£&%&§mwwth9msaere§ﬁpa&m9@ﬁe kelpase and MR is

the mean of Vmax of the naximal rel ease.
comesponding 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 mituximab) were produced by co-
transfecting cultures of mammalian celis with vectors for expression of antibody
genes and with vectors for expression of genes encoding various polypeptides
with GoTI activity. An unmodified (non-glycoengineered) version of the same
antibody was produced by transfecting mammalian cells only with the vector for
antibody gene expression. The transfected cells were kept in culture for at least
three days and the secreted, recombinant antibodies were purified from the
culfure medium by Protein A affinity chromatography. Expression of genes



EXAMPLE 7 Use of G ycoengi neered Anti-E0142. Monocl onal Antibody to Treat
Psoriasis 103461HUVMPLO patients with psoriasis can be treated with a
gl ycoengi neered anti- EG-R nonocl onal antibody produced according to the
nmet hods of the invention. In particular, the patient receives weekly
i nfusi ons of the glycoengi neered anti body at a | oadi ng dose of 400rag/ mil.
Mai nt enance cl oaca of 250 ng/ nR are adm nistered on a weekly basis until

conpl ete response is achieved. -1 28%92-EXAMPLE 8 Use of d ycoengi neered
Anti - ErbB2 Monocl onal Antibody in the Treatnment of Metastatic Prostate
Cancer, Metastatc Breast Cancer, Metastatic Col orectal Cancer, and Stage Illb

or 1V Non- Snal | enGalitg pblypeptiCanteEn Il Qi Ty d¥oividyR @4 sigaificanfefifedtop engt h, hunani zed
nmonocl onal anti RAdyuuER! & dr B Ldis) dideqtan gﬁ?%(ﬁ% ErbB2. RbuMab
2C4 Dbl ocks the assocllﬁlgg eglégﬁﬁEi Ellg;?\ﬁ&t%h t%t’ﬁgr "ErbB fna yrre%rbers t her eby

i nhi biting intraekrdperidesi gnal i ng through the ErbB pat hway. RhuMAb 2C4 not

only inhi bijgget he 9raWblliRl kB QURN BAPLAESIINGr eI IRolitkioR SO bl ocks
grow h of tunors that require ErbB li g, anddependent signaling. 103481A
gl ycoesgi neer ecP2HEPm Dresptikadies semy Ndgkedmfiseshuhandersaded v e pr esent

i(nvgnti on _cag bﬁsn.ggﬁﬁsi&& &F thd Rgia€ IRGERE rdgh. tmeahg@mhaﬁfﬂesh%gone- refractory
andr ogen | ndependent pr ost gt cancer. pati {s et ast atl ¢ _breast cancer
patients, met aset"ﬁwagc%léflrﬁ?l@@?a’%mcﬁ?@g‘impg’f inlﬁf“?F S%Et?’gn‘f’?em th stage Bl b
or 1V non- smal | subehlentiyanglyzza bl LDBH@IEMS. Taihg tis teblingug liticmedige newed RhuM_Ab
2C4 i s adm ni Stt%‘rd?t‘ércdsﬁ‘et&9#%(&]9&&*&&&&%’3%‘3&%%@%@%% %ﬂm%&&% weeks at 2 or 4

ng/ kg, respectively, unti I Sease prodression ceases. e ahtibody is

supplied as a nuisitelR¢cdigospickagidepobwlatnan 2ad it salsg posivit topisigh statptugs concent rat i on of

20 ng(nmL or hi Qb%fffe?egnﬁe%tiﬁ ak is;Q:E't}a- (Umana, P. et al., Nature Biotechnol 17:176-
180(1999)).

[0247] Figure 1 shows the neutral oligosaccharide MATLDI/TOF-MS profiles
from the recombinant C2ZB8 anti:CDZO chimeric IgG1 antibody produced in
BHX 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 GnTII 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 GnTIH. 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 (ManiI) fused to the catalytic domain of
GnTIIL. This fusion gene was expressed from vector pBTR1506.

[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 Fcregion
oligosaccharides of non-engineered YgG1 antibodies produced in other standard
mammalian, industrial cell lines such as CHO and mouse myetoma cells (Lifely,



[0349] 1t will be clear that the invention may be practiced otherw se than as
particul arly described in the foregoing description and exanpl es. Nunerous
nodi fications and variations of the present invention are poseible in |Iight of
t he above teachings and, therefore, are within the scope of the appended
clainms 10350] The entire disclosure of all publications (including patents,
patent applications, journal articles, |aboratory manuals, books, or other
docunents) cited herein are hereby i néddrporated by reference. -129- 1 CLAI MS:
I . A manmal i an host cell engineered to express at |east one nucleic acid
encodi ng a fusion glycosyltransferase having

f3(1, 4) - N- acet yMRugos albhrriydiagy drid 822 6859)). | Eraitcenzist of thnehtibéiy CGol gi

| ocal i zation do f ' (A t her than the

Gol gi resident hcé‘%cflgkgqggéﬁlgﬁh?ﬁ% %é%t\ﬁ/% %Iﬁanﬁ’go’:‘%ﬁﬁﬁr@ of said fusion
gl ycosyl transfe %flatqdrpoﬁlﬁleéhﬂﬁimﬂﬂgwﬁzqswlﬁnﬂ%t@g{ﬁwﬂme@%@ % gosaccharides in
the Fc region ofygs 29k3PRBI htﬂ%ﬂrb@ﬂg'ﬁéﬂse%do%%tgp@@%mc%ﬁbmecié@ler ein said

pol ypeptide is selected fromthe group consisting of whol e anti body
nol ecul e, an anficBoleds plggrastheriden peeks forrd dh the o‘t“@iof"l‘-ﬁt’%a?Pm?"ﬁbl udes a region

eqH valent to Ejt&egﬁ&ﬁge@taaa@’bo@quwwk eilau;tﬁrdasm (()jfa nucic aeldrrarr}rral i an host
cell engineered to east . on ej.c enc a fusion

gl ycosyl t ransf e PaUn g@?’ﬁ;@%“ﬂ‘)m@@ gVFF‘Fgﬂ éf‘télé’%‘:‘g@f“?‘w ty and the
CGol gi 1 ocali zat usmsnaﬁhadpatmcGhTIa}o«?@logahzxtesddmt algfl lydomyihly todidsdedr ase sel ect ed
o Lne, 9100, GOl TUARRL TSR, s FRVIGE) A58

13(1, 2)y Nacetyl gl &b@’swﬂaﬁvstoawgﬂéﬁﬂ)s@nm,usanﬂ%iﬂ entldesion isedssy| t r ansf er ase,

in an amount SUtd ifi ket bﬁgmédf Yol Resphibd 9AGERRAET f85a 's@ucwe% Fc region of a
pol ypepti de produced by said hoSt cell, wherein sai 260 Etl de is selected
fromthe group &SRB ticrgerorions gitnsths Wit o600l BB LIS 21l 9%ht i body fragment,

and a fusion pr Qél:ﬁilvé‘tottﬁélfotaﬂ rb@dw@dﬂﬁgsazra&m)orrheeymé@é eMdischied, hhe Fc region of an
1 . or cla|m2 wherein said

LET‘;BZSL iObSL' Br éﬁﬂ%@&dﬁw glg?ec&gh*a%'flg étaacr"%f ge%\'ﬂ%'c,g]% thg PRI Ot her eof . 4,
The host cell ofGoTl-Bbdifiel adigosadchiriie 2ubstdd) Etwees #icdeq@abime @nTOR pr oduced by said
host cel |l islg aor a fr of claim1l or

U2 m 2, wher e fadoReh PP HUBPORG e S oA Rt () oS

o-mannosidase II (Manll) and (iii) GnTI, since once an oligosaccharide is
modified with a bisecting GlcNAc added via a GnTII-catalyzed reaction, these

three other enzymes can no longer act to modify the bisected oligosaccharides.
Therefore blocking action of Manil by addition of the bisecting GlcNAc also
effectively blocks GnTTl, since GnTII acts downstream of Manll in the N-linked

| oligosacchanide biosynthetic pathway. The peaks at m/z 1664 and 1826 are non-
fucosylated, whereas the peaks at i/z 1810 and 1973 are fucosylated. EndoH
glycosidase digestion, which can distinguish between hybrid and complex
oligosaccharides {Fig. 8A), was used to confirm that the increase in these peaks is
due to an increase in the proportion of Fc-attached bisected, non-fucosylated and
bisected, hybrid oligosaccharides (see below).

[0249] In contrast to the other GnTIH activity-encoding nucleic acids used here,
engineering of the antibody-producing cells by expression of a nucleic acid
encoding a ManIT-GnTIII fusion polypeptide (SEQ ID NO:14), where the GnTIH
catalytic domain is localized via the Manll Golgi localization domain, leads
mainly to bisected, non-fucosylated and bisected, hybrid structures (note peaks at



host cell is a fusion protein that includes a region equivalent to the Fc

regi on of a human |1gG 6. The host cell of claim1 or claim?2, wherein
sai d pol ypeptide produced by said host cell exhibits increased Fc receptor
binding affinity as a result of said nodification. 7. The host cell of

claim1 or claim?2, wherein said polypeptide produced by said host cell
exhibits increased effector function as a result of said nodification.

8. A host cell according to claim1, Wherein said fusion glycosyltransferase
conprises the catalytic domain off3(1,4)-N acetyl glucosam nyltransferase

9. A host cell according to claim@8, wherein said Golgi |ocalization domain is
froma heterol ogiémlsﬁﬁ'ﬁéﬂgi 182 g1dd 8} in iy $hp dperpiges, relative to thpguldAypsost cel |

according to cl ahfMad WEE ehil-Said aldés i@ & %693y kid BYShel@ae conprises the
catal ytic domain off3(1,4)-gal actosyl transferase. 11. A host cell

according to cl SRHifosion s merepiaciantin &sisygithepip elicraftaghedisegiedath is from a
het er ol ogous Cbh@bsyfa%ﬁiaﬁlﬁcﬂiep@iﬁmmkdsﬁaﬁie&q&@apﬂctﬂ@c(gohoﬂﬁofA host cell

PRI RERIE CONTEEE I (IR O AR
The proportions of the bisected, non-fucosylated Fc-oligosaccharides resulting
from the expression of the nucleic acids encoding wild-type GnTIII, the GnTI-
Gn'TTH fusion and the ManIT-Gn'TII fusion were approximately 4, 13, and 33%,
respectively. No bisected oligosaccharides were detected In the ummodified (non-
engineered) antibody.

[0250] Increasing the expression of the ManTl-GnTIII fusion coustruct in the
antibody-producing cells led to further increases in the proportion of bisected,
non-fucosylated oligosaccharides. This was demonstrated by expressing the
Manll-GnTI 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 anfibody genes from vector pETR1520. The oligosaccharide profile from the
purified, unmodified (non-glycoengineered) antibody expressed at high levels in
this system is shown in Figure 5, which again shows the typical oligosaccharide
profile with non-bisected, fucosylated oligosaccharide peaks having 0, 1 and 2
galactose residues (e.g., compare Figs. 1 and 5 showing the similar
oligosaccharide profiles of the unmodified antibody expressed in BHK cells or at
higher levels in HEK293-EBNA cells). Engineering the entibody producing cells
with the nucleic acid encoding the ManIT-GnTTI fusion expressed at higher
levels in this system led to the production of antibodies where the majority of the
Fc-oligosaccharides were bisected, non-fucosylated (see Figure 6, where
bisected, non-fucosylated hybrid oligosaccharide peaks at m/z 1664 and 1826
together constitute over 90% of the total oligosaccharides).

{0251] As mentioned above, endoglycosidase H (EndoH) was used to confirm
the assignment of bisected non-fucosylated and bisected, hybrid structures to the
different oligosaccharide peaks observed in the MALDI profiles. The
MALDUTOF-MS neutral oligosaccharide profiles of PNGaseF- and of



- 13: A host cell according to claim9, wherein said Golgi |ocalization domain
is the localization domain of DO, 2)-Nacetyl glucosam nyltransferase I.

14. A host cell according to claim9, wherein said Golgi |ocalization domain
is the localization domain of 13(1,2)-Nacetyl glucosam nyltransferase |1

15. A host cell according to claim9, wherein said Golgi |ocalization domain
is the localization domain of mannosi dase I. 16. A host cell according
to claim9, wherein said Golgi localization domain is the |ocalization domain
of al-6 core fucosyltransferase. -9547. A host cell according to claim7,
wherein said increased effector function is increased Fc-nediated cellul ar
cytotoxicity. A host cell according to claim?7, wherein said

i ncr eased effectPéﬂGaf@ﬁ‘é?qOHﬁilEe%‘eq BhepsAewed HoRdn Ai-¢820ganesp (451 19. A host
cell according tagigehi Ploduced§r gER2BALM s gggoe,e%@gte@fbfyeghmg&%nctl on is

i ncreased binding to macrophages. st cell according to claim7,
wherein said in g%?@’é"d“%"ﬁfréétto&?“?%%et'{gﬁW@‘#ﬁ@rlé@s"@ﬂ YERFEHE t o
pol ymol phonucl eawo Cilférent glycans, ndthely Andi@isdositadd hﬁﬁﬂtbisditﬁgoi Qof al m 7, wherein

said increased eff or function is,ipcreased ndi.n cytes. 22.
A host cel |l acc%l’ 8?Yﬁ ec{°8m8 nﬂ?ﬁsecﬁgﬂ%‘élﬁ%’giﬂﬂml’lﬁ gé‘%cfm&??‘%ct or function is
i ncreased di rectrat@dgmmlthemgme mchtsdcrigridepopb adios (Figure SB) 23. A host cell according

Loy el ol m 7. JHBAT 1 £ LG ARRG S AE L UG B0 - ufpisaed dendr

i ncreased ef f ecteererfiesmeV istireturss, wﬂﬂdheeiagefcpeqkte@iglshlﬁpdﬁnmgﬂ 1664t0 25, A host cell

according to cl ais &; %S‘m&&éngeP?rcé’p@&ﬁ%tﬂémééoﬁ“dc}%trbs%ﬁ%' ng receptor.
26, A host cell accordin o claim6, wherein said Fc_receptor is FcyRIIIA
recept of. As mentioned above, EndoH camnot cleave the complex type oligosaccharides.

Therefore, the major peak at m/z 1664 can be assigned to the non-fucosylated
hybrid bisected type after Endoglycosidase H digestion.
[0253] QOther peaks that could be assigned to complex or hybrid bisected glycans.
Atm/z 1810; after EndoH digestion the peak disappeared so the structures can be
assigned to the fucosylated hybrid bisected type. The subtraction of one GlcNAc
and one fucose (from the core a-1,6 fucosylated, reducing-end GlcNAc residue)
residue from the m/z 1810 peak generates a structure of m/z 1460. Atm/z 1502,
disappearance of this peak by EndoH digestion (GlcNAc residue efimmated) 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 GlcNAc and one
fucose residue generates a structure of m/z 1298. The peak at m/z 1826, a non-
fucosylated hybrid bisected type, was digested by EndoH. This generated a
structure with m/z 1622, The peak at m/z 1053 after EndoH digestion can be
assigned to the high mannose type (1257 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 camry a bisecting GlcNAc, 60% of which are non-
_ facosylated hybrid bisected structures, 22% fucosylated hybrid bisected and 6%
fucosylated complex bisected oligosaccharide structures.



27. A host cell according to claim1 or claim2, wherein said host cell is a
CHO cell, a BHIC cell, a NSO cell, a SP2/0 cell, a YO nyeloma cell, a P3X63
nouse myelonma cell, a PER cell, a PER C6 cell or a hybridoma cell. -131- :

28. The host cell of claim1l or claim2, wherein said pol ypeptide produced by
said host cell is an anti-CD20 anti body. 29.The host cell of claim28, wherein
said anti-CD20 anti body is | DEC-C2138. 30. The host cell of claiml or claim2,
wherein said pol ypepti de produced by‘%Gai d host cell is the chinmeric anti-human
renal cell carcinoma nonocl onal antibody ch0250. 31. The host cell of claiml
or claim2, further conprising at |east one transfected nucleic acid encoding
an anti body nol8&5le® g‘%“ﬁ bttt PSgnent, or a fusion protein that includes
a region equivdlentf to the [Pc redion of] an 1 mmunogl ¢bul'in. 32. The host cell of
claim1 or clailmo2,] whresbéi n Rletivede| alfxpdctesals tObeel Ralefvet ¢ Assbntencodi ng a fusi on
gl ycosyl transf erase is|§“°?i‘g%r§l§f;gil %%Q)Ht&g%cggn%ﬂ;gut i ve promoter el ement.

33. The host celb—ofr—<tam oL, —WhgtretrT—Sat—t—at eas otre—tt+ansf ect ed nucl ei c
aci d encodes anighat|bpGRR&::ANt idody, 1okhe chipsrer | ¢ 1ant/iptuka@a Neur obl ast ona
nonocl onal antijbody chCE7, |the chineric anti-human né@mwal cell carci noma

nonocl onal antilbody ch0250,| the c¢hineric anti-hunman|col on, |ung, and breast
carci noma rmnocl@ﬁaf%“%tfﬁﬂdy NO{ 12 Hte| hu'f#ni zed%rﬁ?ﬁﬁ@?d 17-1A antigen
nonocl onal antibodyy 204, t he|humanized ‘ant| - human colorectal tunor

anti body A33, tlhe agmisbleshunan nel anonma anti body| directed agai nst 0D3

gangl i osi de R24, the chinerfic anti-humap squanpus-cel| carci poma nonocl onal
ant i body SE-25,|'%h gﬂﬁtmb-“ﬁunan EGER " bod‘gsf8 an dhti gﬁi}ﬁi_} EGERvI || anti body,
an antiyhuman HASVA afitd body, an antihuman PSCA anti hody, aR anti - human CD22
anti body, an anti - hwmaex CD30 antijbody, an anti human|CD33 anti body, an

anti - human CD38 ant|i body, an antif- human| CD40 apti body, an anti human CD45

anti body, an antl$® nberefes- P2 4ht | bb’é%",’ an 4%t i - hibranNeDe3g-dnt i body, an

anti human HLA- vah‘iﬁ_ *Tant i body, S anti -human EpCERT4SPT*body, an anti - human
CEA antibody, an antdgmiiman MJCL |anti body, an pnti-human MUCl core protein
anti body, an antihyman abérfrantTy glycogsyl ated] MIJCI [anti body,! an anti body

agai nst hunman fi\@§P qRectrp=var ijants ®¥nt ai nif¥lg | he’ EIFB dopkai n, or an
anti - hunan HER2/-neu At body. bisected (3%)
1810 [Fuc. hybtid 15 1460 or 1460 60 | Fuc. hybrid
bisected bisected (13%)
or 1810 1810 2 |and Puc.
Puc. complex complex (2%)
1826 |Non-fuc. hybrid 4 1622 1622 7 | Non-fuc. hybrid
bisected bisected (4%)
1851 |Fuc. compiex 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 + T% = 14% (expected). EndoH digestion for bath
peaks generates m/z 1298 (obtained 13% after BndoH)
b) Peaks at m/z 1664 and 1810: 49 + 13 % = 62%. EndcH generates mv/z 1460 (obtained
60%)
c) Peaks at m/z 1826 and 1972: 4+ 3% = 7%. EndoH generates m/z 1622  (7%)
Surnmary, Total relative percentage of structures

bearing a bisecting GlcNAc: 88%

Non-fucosylated hybrid bisected:  60%

Fucosylated hybrid bisected: 22%

Fucosylated complex bisected: 6%



34. A nmethod for producing a pol ypeptide in a manmal i an host cell, conprising:
a. culturing a manmal i an host cell engineered to express at |east one nucleic
acid encoding a fusion glycosyltransferase having
13(1,4)-Nacetyl glucosam nyltransferase Il activity and the Gol gi
| ocal i zati on domain of a CGolgi resident glycosyltransferase other than the
Gol gi resident glycosyltransferase that provides the activity of said fusion
gl ycosyl transferase, under conditions-3%hich permt the production of a
pol ypeptide selected fromthe group consisting of a whole antibody nol ecul e,
an anti body fragnment, and a fusion protein that includes a regi on equival ent
to the Pc r&ghdn of &re iovudriylfadsull ite6) wiver knbogaild Itk pbRnGllly cosyl transf er ase
is expressed in &hg}eg{gg%tm%%g £i8 aﬁoﬂ %ﬂﬁ(}')}hstug@t %ggg ?ﬁﬁarl des in the Fc
sal 0

region of said p peptide pro uce st cell; . isolating
sai d pol ypepti déataé‘a c forpeit leole Folel. H#E@MEM@OGP%PW&@&HFH@@W% marrmal i an host
cell, conprisi n%llgosaéaﬁan%esubstratesbe@wee&ﬂé%b&&;t@nﬁﬁ%&ﬁﬂyﬁ&d&m&ﬁ%ﬂd cel | engineered
to express at | east one nucleic acid encodin fusi on gl ycosyltransferase
havi ng p(1, 4) - gdhaendpespeisroarist i Beewyliansferst, al#a oot &l Grymescal i zaf i on
_domain of a GO'IﬂgheE&§fe§L€‘dﬁﬁ)f@ifmﬁ$Urlsftﬁﬁlﬂ%dﬁibéﬁi@n,%@éﬁﬁh&l@% he group

consi sting of f mannosi dase, 5‘3

11, (1,2)-N acet ff&}sa%%?samnﬁm s ae?O&sf\écorylatﬂf‘g(hf%éschfr&des and to 2

acet yl gl ucosar nlcﬁg{dohlﬁtﬁtﬂﬁeﬁﬁ:haﬁcﬁthle leyel@diﬁlsﬁ{edﬁ)r@ﬁﬁmdfbumyﬂldoﬁﬁ;ﬂﬁf erase, under
condi tions whi ch L. ey odu a sgl ted fromthe

group consi sti ng ?Sacc dg T e an %bﬁo m?% emflﬁl'(?lfan a&];lcpﬁ%d ragnent, and a
fusion protein t(Hal@na,h@f@d@gﬂraBm@¢ndn17eldﬁ11W15@ﬁ)ﬁ Y@d;lItSh!ée@@adﬂmgi on of an

i munogl obul i n, Whetel fveadlithels UF bR aﬁ%a%aehmdamc Gnd EnPAPr essed in an
amount sufficient to nodify the oligosaccharides in the Fc region of said

pol ypepti de pr oda@edc W@éﬁadhel@?f or ¥ the MagHlJocalization dgmaipsled ta ok sai d

pol ypepti de. effecti¥® confpeliifh YekiaG6 B ilngpt GnTimaionhe baTRAERIN sai d fusion
gl ycosyl transferase conprises the catal ytic domai n of

0(1, 4) - N-acet yI FRERBSHHIASPTTIEHSHaT B gndopqnous core al.6-Ruposyrapilirpipd accor di ng to
cl ai m 36, wher eiMan$laindl G gizyhacal i zati on domain is froma heterol ogous Gol gi

Fusi on gl yoSEFLr ancuiste Ry SRR i Pebmidn At ya 1 o " o

, 4) - gal act osyl t rG@%i,efoathe synthesis of Bifected, ngdtith@ok mtad,dmnguctoquatddal m 38, wherein

ol ypent Lde. - ERKBRGEAIICh Sddi S AANPLALMARAND, B0 078 Gol gi
| ocal i zati on dorm-hmdltegﬁ@t@églbfm@teiﬂzs&bﬁt@nﬁe!@m af GFTT pagtine o Grade | | | 41. A

net hod accordi ngl’hte%%&%Hﬂs@i@uﬁoﬁ%@%@ﬁhﬂlk@@étﬁ&d@ﬁﬂeﬁ%ﬁ%bﬁﬁ domain is the
(0]

| ocal i zati on donain 2)-N-acetyl gl ucosam n}é transferase |.
by quantltauve mlmunoe lectron tnicfoscopy (Rabouille et al. J. Cell Sci.

y 108:1617-27 (1995)). Both enzymes co-distribute along the Golgi, being
localized mainly in the medial and trans cisternae of the Golgi stack, with a
higher levels in the medial relative to the trans ¢isternae. The fine quantitative
spatial distributions of core «ul,6-fucosyltransferase, GnTI and wild-type GnTII
have not yet been determined. The above however does not explain why the
ManIl-GnTIII fusion is significantly more efficient than the GaTI-GnTTI fusion
for the synthesis of bisected, hybrid and bisected, non-fucosylated
oligosaccharides, since both GnTT and ManII have identical spatial distributions
along the Golgi subcompartments.

[0256] The higher efficiency of the ManlI-GnTIII fusion indicates the existence
of relatively organized functional glycosylation reaction subcompartments within



42. A nmethod according to claim 36, wherein said Colgi |ocalization domain is
the Il ocalization domain of mannosidase |I. 41A nmethod according to claim 36,
wherein said Golgi |ocalization domain is the |ocalization donain of

p(1, 2)-Nacetyl gl ucosam nyl t ransf erase 44. A nethod according to claim
36, wherein said Golgi localization domain is the |localization domain of al-6
core fucosyl transferase. 45. A nethod according to claim34 or claim
35, wherein said pol ypeptide has incréased effector function as a result of
said nodification. 46. A nethod according to claim45, wherein said

i ncreased effector function is increased Fc-nedi ated. cellular cytotoxicity.

47. A nethod ac®epPhFiay stasorpregmaRtyed theisdidla ind teps Griglsise@as dde ®F f ect or functi on

i's increased bi Mbmgn&c@am&gegiybosﬂmonle%%m » GnTI, AT AaMeddmogleaccording to
clai m45, wherejin said | ncr e%rsi E@gect or. function is jncreased bindi ng to

macr ophages.  Pelievedjag CHE LR IR AS OVHET L n sai d
i ncreased effecﬂnarocélumldmlmm@&a@ﬁemrmhmgnbmmemgretxes 50. A

met hod according, to aj,m 45, ector function is

i ncreased bi ndi ﬂﬁwtogﬁr%ihy 5‘?‘?@%3%&3?‘&@ ]ﬁ@n&ﬁﬁ%mﬂ% *PIRS¥Bt hod accor di ng
to claim45, whefrtad recombihni GeTlaagal fusioh digt mit idaditc dispdasernet df thect si gnal i ng

i nduci ng apopto 0 . wherein said
. ?}d§ge¥10us \? éan%n%te I?o ag %}ﬁ % &!J%lig'%ttt(g%? %yﬁfh@s%%

i ncreased effec IS incr ease mat ur ati on.
53. A net hod acwlwpﬁgch@@%ﬁla?qﬂl@s?mﬂ@qwg@eﬁiqdm@m@f@ﬁfect or function

is increased T gebdacdadidbs Béng modified both by GnTI and GnTII reactions.

) [0257] QOur data indicates that, by virtue of the Manll localization domain, a finer
functional pairing occurs between the catalytic domains of the endogenous GnTI
and the recombinant ManIl-GnTIII fusion. Organized pairings of enzymes
catalyzing subsequent reactions in a biosynthetic pathway, in a way that favors
transfer of the product of the first reaction to the second catalytic site relative to
diffusion of such product away from the enzymes, is known to occur in other
biosynthetic pathways such as glycolysis and polyketide biosynthesis, GnTT and
Manll have been reported to form “kin oligomers”, at least when relocalizing one
ofthese enzymes to the endoplasmic reticulum (Nilsson, T. ez al. EMBO J. 13(3).
562-74 (1994)). A parr 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 GnT1 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 congerved 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



54. A nethod according to claim34 or claim35, wherein said pol ypeptide
produced by said host cell exhibits increased Fc receptor binding affinity as
a result of said nodification. 55. A nethod according to claimb54,
wherein said Fc receptor is Fc activating receptor. 56. A net hod
according to claimb54, wherein said Fc receptor is Fc7RI I 1A receptor.

57. A nethod according to claim 34 or ¢laim 35, wherein said polypeptide
produced by said host cell has an incﬁgased proportion of bisected

ol i gosaccharides in the Fc region of said polypeptlde 58. A nethod

according to cla|n134 ein ti de produced by said
host cell has aftPREYé& egm%p%bgéP?%ﬂg(Tnﬂ%ﬁ$%r sy %%?ﬁl &gsaccharides in
the Fc regi on ofstemar catgipticyqmsypt iHd@ever, any contrib@ion £ m’ch@dGmIi@@mﬁl ng to claimb58,
wherein said nonggﬁg 60. A net hod
according to cl &'m g%nﬁ%ergghcsal non#mgﬁél ﬁ?g%o |gosac arides arc

conpl ex. ﬁ@bnbﬁmﬂemhéhTﬁb@@bﬂqﬁgmmo cIa|n134 or claim35, wherein said
pol ypept i de nﬁgaduce%@ﬁas@wmq‘%ﬁﬁ@dt& iR %@ Nntvde)- 8RN P ARG t i on of

bi sected, nonfucosyl ated oligosaccharides in the Fc region of said
pol ypepti de. cytofoxigity (ARClrp feRYERefEBVEIcHResEier 1810 FHiEy-PIRA%ESI n sai d bi sect ed,
nonfucosyl at ed cells of a nucleic acid encoding a polypeptide with GnTIII activity that is

localized to the Golgi via different localization domains. Increased ADCC
resulting from expression of recombinant polypeptide with GnTIII activity and

) localized to the Golgi via the 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 glycoenginsered
antibody used for the ADCC assay of Figure 9 is shown in Fig. 3. Increased
ADCC resulting from expression of recombinant polypeptide with GnTII
activity and localized to the Golgi via a glycosidase, 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 10 is
shown in Fig. 6.

[0259] Fig. 11 shows that expression of a recombinant polypeptide with GnTIII
activity and localized to the Golgi via a ManIl Golgi localization domain leads to
increased ADCC activity relative to the use of the wild-type GnTIH polypeptide
with its own GnTII Golg: localization domain. The oligosacchatide 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 GnTII activity,
localized to the Golgi via the Manll localization domain, and used for the ADCC
assay of Figure 11, is shown in Fig. 4. These data also show that antibodies with ‘
bisected oligosaccharides, including bisected, hybrid and bisected, 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



ol i gosacchari des are hybrid. -134- 63. A nmethod according to claim®61l,

wherei n said bisected, nonfucosyl ated ol i osacchari des are conpl ex. 64. A
nmet hod according to claim®6l, wherein at | east 20% of the oligosaccharides in
the Pc region of said polypeptide are bisected, nonfucosyl at ed. 65. A
met hod according to claim6l, wherein at |east 25% of the oligosaccharides in
the Pc region of said polypeptide are bisected, nonfucosyl ated. 66. A
nmet hod according to claim®6l, whereinl®@ |east 30% of the oligosaccharides in
the Pc region of said polyp eptide are bisected, nonfucosyl at ed. 67. A
met hod according to claim®6l, wherein at |east 35% of the oligosaccharides in

t he Pc

regi on o g AD6E! wseptof dig-al@ 4y desedteslel nopdivpaidstady hdridd.  SEQUENCE

LI STING <110> ChiygobichnafSh 0! £61NR0L00Y: AR08 PO, BpDk e Peter Ferrara,

Cl audi a Suter,

s <120> Fusi on Constructs and Sanme to Produce

Ant i bodi es wi t hGPF@%%‘@@G“WW@@&G&MEBFHH?M@M?W‘ﬂﬂmaﬁ%ﬂe@ﬁf ector Function

the more efficient synthesis of the non-fucosylated, bisected oligosaccharides,
and Fig. 11 shows that antibodies with increased levels of these bisected, non-
fucosylated oligosaccharides are more active in ADCC relative to antibodies with
lower levels of these oligosaccharides. The ADCC activity increases comrelate
with increases in this bisected, non-fucosylated oligosaccharide fraction within

the Fc-associated oligosaccharide population, and large increases are seen when

) this fraction is higher than 15 to 20%.

[0260] Natural killer (NK) cells are known to be important mediators of ADCC.
These cells carry on their surface the activating Fegarnma receptor IIA, 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 tc Fc receptors, in particular to receptors in the native form in
which the human fmmune effector cells display them. Figure 12 demonstrates
that glycoengineered antibodies produced by expression in the amtibody
producing cells of a nucleic acid encoding a fiision polypeptide with GnTII
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 FcgammaRTIe 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 FegammaRTTA
receptor. Fig. 13 shows that the binding assay measures specific binding affinity
to this receptor. This is shown by competition with a FcgammaRITI-specific
blocking antibody fragment (3G8 Fab2-fragment).
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[0261] Strong evidence of the impact of enhanced Fe-FcR interactions on the
outcome of anti-tumor antibody therapy comes from the correlation, found in
lymphoma patients receiving rituximab, between efficacy and the homozygous
higher-affinity FcgammaRIIIA receptor genotype (Cartron, G. et al. Blood
99(3):754-8 (2002)). This was the single parameter found to correlate with a
vastly enhanced objective response rate and increased proportion of molecular
responses. Increased efficacy due to enhanced FegammaRTITA -Fc interactions
can be derived from the functions carried out by various types of immune cells,
including natural killer (NK) cells, macrophages, monocytes and dendritic cells.

) Crosslinking of the activating FcgammaRITA receptor on NK cells, macrophages
and monocytes can lead to tumor cell lysis by ADCC (widely believed to be the
prime FcR-dependent killing mechanism 1n vivo)(Malopey, D.G. et al Semin,
Oncol. 29(1 Suppl. 2):2-9 (2002), Amigorena S., J. Exp. Med. 195(1):F1-3
(2002)) and also to antibody-dependent cellular phagocytosis (Hazenbos, W.L. et
al. J. mmunol. 161(6):3026-32(1998), Reff, M.E. and Heard, C. Crif Rev Oncol
Hematol. 40(1):25-35(2001)) and to cytokine release in the vicinity of tumor cells
(Carson, W.E. ef al. Eur. J. Immunol. 31:3016-3025(2001)). These cytokines can
in turn lead to direct cytotoxic effects on tumor cells, to anti-angiogenic effects
which inhibit tumor growth bir deprivation of oxygen and nutrients, and to
enhanced tumor antigen presentation as part of an active T-cell mediated immune
response against tumor cells. Dendritic cells are crucial for antigen presentation
to T-cells, and cross-linking of FcgammaRITA on their surface (e.g., from
antibody-bound, dying tumor cells initially attacked in vivo via ADCC) can lead
to enhanced dendritic cell maturation, antigen uptake and presentation to T-cells,
and cross-priming of cytotoxic T-cells, the later being a potentially very efficient
mechanism to activate anti-tumor immunity (Amigorepa S., J. Exp. Med.
195(1):F1-3 (2002), Kalergis, A.M. and Ravetch, J.V., J FExp Med
195(12):1653-1659(2002), Selenko, N. e. al. J Chn, 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-hinking of the
target-antigen molecules (Reff, M.E. and Heard, C. Crit Rev Oncol Hematol.
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40(1):25-35(2001), Cragg, M.S. et al. Blood 101(3):1045-1052 (2003)). Of all
these immune effector cells, NK cells alone possess only activating FcgammaRs
on their surface. In the other types of cells, the activeting FcgammaRTIT is present
together with the inhibitory FegammaRIIb receptor, and induction of anti-tumor
effector functions results from a positive balance of the activating over inhibitory
signals.

[0262] Figure 15 shows that the increased Fc receptor binding is selective for the
activating receptor compared to the inhibitory FegammaRIIb., Such selectivity is
important for effector functions carried out by immune cells other than NK cells,

) as explained above. Moreover, the increases in binding achieved by
glycoengineering the Fc antibody region, using the methods described here, are
far greater than those observed naturally for the homozygous higher-affinity
FcgamnmaRIIIA genotype patients/donors receiving standard, unmodified
antibody (Fig. 16) and that have already been associated with increased efficacy
of anti-cancer antibodies (Cartron, G. et al. Blood 99(3):754-8 (2002)).

{0263] The binding domain of the activaijng FegammaRTIIB receptor is almost
identical to that of the FcgammaRTIIA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to increased effector
functions mediated by effector cells displaying the FegammaRIIB, such as
polymorphonuclear (PMN) cells, including release of toxic products and
phagocytosis (Reff, M.E. and Heard, C. Cri? Rev Oncol Hematol. 40(1):25-35

) {2001), Daeron, FM. Annu. Rev. Immunol. 15:203-34 (1997), Ravetch, J.V. and
Bolland S. Annu. Rev. Immunol. 19:275-90 (2001)). .

{02641 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 recombinmnt antibody and a fusion polypephde
with GnTII activity. The oligosaccharide profile shows increased levels of
bisected non-fucosylated and bisected hybnd oligosaccharides for the antibody
from the cells enginesred with the fusion GnTII (see Table 2 also). These
structures are not found in non-glycoenginesred antibodies produced by non-
glycoengineered BHE cells (see Fig. 1). The engineered cells expressing the



<220> <223> GAB-178 PCR priner -2- <210> 4 <211> 43 <212> DNA <213>
Artificial Sequence <220> <223> GAB-179 PCR prinmer <400> 4 ctgaggcgcg
ccgccaccat gctgaagaag cagtctgcag ggc4d43 <210> 5 <211> 48 <212> DNA
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GuTIO fusion exhibited normeal growth in suspension and good antibody
productivity.

[0265] The relative percentages of the oligosaccharides of the glycoengineered
monoclonal antibody produced by the stable BHK-1502-28-11 cell line are
presented in Table 2.

Table 2: Relative percentages of the peaks obtained by MALDITOF-MS.

Peak (mvz) | Relative percentage
) 1 1257 2.5%
2 1486 2.8%
3 1647 6%
4 1664 2230 %
5 1680 25%
6 1689 4.8 %
7 1705 3%
8 1810 27.8%
9 1826 10 %
10 1851 7.5%
) 11 1972 9%
12 2012 1.75 %

Tatal bisected: 88.6% (4+54+6+7+8+0+10+11+12)
Total non-fucosylated bisected: 37.8% (4+5+749)
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 nom-
fucosylated. The digestion of the PNGaseF-released oligosaccharide with



<213> Artificial Sequence <220> <223> GAB- 180 PCR prinmer <400> 5 ggggacagtg
gct ggagcag gggcgcgggg gt cacaggca cacgcgge48 <210> 6 <211> 50 <212> DNA <213>
Artificial Sequence <220> <223> ' GAB-252 PCR priner 4400> 6 gctaggccgg
ccgccaccat gaagttaagc cgccagttca ccgtgttcgg50 4210> 7 4211> 65

-104-

EndoglycosidaseH demonstrated that most of the peaks obtained are of the hybrid
bisected type (Fig. 19). Fig. 20 shows increased binding affinity of the
glycoengineered antibody, produced by the BHK-1502-28-11 cell line, to the
activating Fc receptor FcgammaRIIA' on human NK cells. Cell lines growing in
suspension and with constitutive stable expression of both the antibody genes and

the fusion GnTHI polypeptide areideal for large-scale production of therapeutic
antibodies. Using standard cell engineering methods, the glycoengineering can

be implemented either by introducing the fusion GnTIII gene into a cell line
containing the antibody genes, or by intfoducing the antibody genes into a ceil

) line containing the fusion GnTHI gene (a “pre-glycoengineered production cell
line™), or by introducing the antibody and GnTIII fusion genes at the same time.
[0267] An anti-CD20 antibody produced in cells engineered for high level
expression of the nucleic acid encoding a fusion polypeptide with GnTIII activity
and tocalized to the Golgi via the Manll localization domain was tested also for
complement mediated lysis (CML), a different effector function that is not
dependent on Fc receptors on immune effector cells. The vast majority of the
oligosaccharides of this glycoengineered antibody were of bisected hybrid non-
fucosylated type. Reduced CML activity was observed for this ant-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 anttbody therapy (van der Kolk L.E. et al Br J
Haematol. 115(4):807-11 (2001)). However, the oligosaccharide profiles above
also show that is also possible to engineer the antibody producing cells to express
the GnTT fusion polypeptide at an intermediate expression level that leads to
intermediate levels of bisected hybrid non-fiicosylated oligosaccharides (higher
than 15%;), but with a significant fraction of corplex oligosaccharides within the
Fc oligosaccharide population of the glycoengineered antibody. Such complex
o]igosaccharidés ‘are associated with normal, not reduced, levels of CML.
Therefore the data indicates that antibodies with tncreased ADCC can be



<212a DNA <213a Artificial Sequence <220a <223a GAB-253 PCR priner <400> 7
ggggacagt g gct ggagcag gggtgagcca gcaccttggc tgaaattgcect ttgtgaactt60 ttcgg6s
<210> 8 <211> 66 <212> DNA <213> Artificial Sequence 4220> 4223> 013B- 254 PCR

prinmer -3-
-105-

produced in this way which should maintain very similar levels of CML activity
compared to non-engineered antibodies.

[0268] A second chimeric IgG1 antibody, C225, also kmown as cetuximab, that
recognizes the human epidermal growth factor receptor (EGFR) was
glycoengineered by the methods described here. Fig. 22 shows the
oligosaccharide profiles of the unmodified anti-EGFR antibody C225 and of the
glycoengineered version of the same antibody. The later was produced in cells
expressing a nucleic acid encoding a fusion polypeptide with GnTII activity and
localized to the Golgi via a Manll localization domain. Fig. 23 shows increased

) ADCC of the ant-EGFR antibody resuiting from this glycoengineering.
Glycoengineered antibodies produced by the methods described here, and having
increased ADCC and increased binding affinity to activating Fc receptors, are
promiging molecules for antibody therapy of can.ccr and of auto-immune
diseases, since they should lead to increased efficacy, relative to the
comesponding unmmodified (non-glycoengimeered) verston of those antibodies, for
these therapies. Additionally it should be possible to reduce the therapeutic doses
for the glycoengineered antibodies compared to the unmodified ones, and this

would positively impact the economics of antibody production.

EXAMPLE 2

Treatment of Immune-Mediated Thrombocytopenia in a Patient with Chronic
Grafi-Versus-Host Disease

[0269] Autoimmune thrombocytopenia in chronic graft-versus-host disease
represents an instance of B-cell dysregulation leading to clinical disease. To treat
immune-mediated thrombocytopenia in a subject with chronic graft-versus-host
disease, an anti-CD20 chimeric moncclonal antibody prepared by the methods of
the present invention and having increased ADCC is administered to the subject
as described in Ratanatharathom, V. et al., Ann. Intern. Med. 133(4):275-79
{2000) (the entire contents of which is hereby incorporated by referemnce).
Specifically, a weekly infusion of the antibody, 375 rng/rn2 is administered to the
subject for 4 weeks. The antibody therapy produces a marked depletion of B
cells in the peripheral blood and decreased levels of platelet-associated antibody.



gtoccc66 <210> 9 <211> 29 <212> DNA <213> Artificial Sequence <220> <223>
GAB- 255 PCR prinmer <400> 9 atgccgcata ggcctccgag caggacccc29 <210> 10 <211> 43
<212> DNA <213> Artificial Sequence <220> <223> GAB-261 PCR pri nmer

-106-

EXAMPLE 3
Treatment of Severe, Inmune-Mediated, Pure Red Cell Aplasia and
Hemolytic Anemia

[0270] Immune-mediated, acquired pure red cell aplasia (PRCA) is a rare

disorder frequently associated with other autcimmune phenomena. To treat

immune-mediated, acquired pure red cell aplasia in a subject, 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 Zeccea,

M. et al., Blood 12:3955-97 (1997) (the entire contents of which are hereby

) incorporated by reference). Specifically, a subject with PRCA and autoimmune

hemolytic anemia is given two doses of antibody, 375 mg/m?, per week. After

antibody therapy, substitutive treatment with intravenous irnmunoglobulin is
mnitiated. This treatment produces a marked depletion of B cells and a significant -

rise in reticulocyte count accompanied by increased hemoglobin levels.

EXAMPLE 4

Materials and Methods

1. Construction of GalT-fusion expression vectors

| Vector for constitutive expression of GalT

[0271] For construction of the GalT expression vector, GalT cDNA is amplified
from a cDNA library (Clontech) by PCR, A C-terminal c-myc-epitope tag is
added immedjately upsiream of the stop codon of the gene (amino acid sequence:
PEQKILISEEDL) for later, convenient detection of GalT by Western Blots. After
confirmation of the correct sequence of GalT the gene is inserted under controf 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



<400> 10 gctaaatatt gaattccctt tatgtgtaac tcttggctga agc43 <210> 11 <211> 48
<212> DNA <213> Artificial Sequence <220> <223> GAB-262 PCR prinmer <400> 11
tagcaatatt gaattcgcag gaaaaggaca agcagcgaaa attcacgc48 <210> 12 <211> 1715
<212> DNA <213> Artificial Sequence <220>
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the control of the MPSV promoter and synthetic rabbit beta-globin
polyadenylation signal.

Replacement of amino acids encoding the localization domain of GalT with the
amino acids encoding the localization domain of the human GnTI.

[0272] The construction 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 II.
[0273] The construction of the GalT expression vector is performed. The
resulting plasmid contains the hybrid manll-GalT gene under control of the
MPSV promoter.

Combination of the hybrid manII-GalT fusion gene with the replication origin
onP fiom Epstein Barr virus.

[0274) A DNA fragment with oriP is subcloned as described in Example 1 into
the hybrid ManIl-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 manH-GalT fusion gene
expression cassette is converted from a monocistronic to a bicistronic expression
cassette by inserting, downstream of the stop codon of the manII-GalT fusion, a
polio virus IRES element followed by a cDNA encoding a truncated human CD4
protein (comprising the human CD4 leader sequence for secretion followed by

the transmembrane and extracellular domains).



<223> Nucl eoti de sequence of GhTl-GaTl I | tcgctctacc tgatgctgga ggctccttcc
ctcagggcca ttgctagctg agaat aat ga gagtctgtgg aggatggtcc cccctgctcc agccactgtc
gtgttgccgg aggacaccac ccggggtcac ttagactacc ccaggaaccc gcgccgcgag gctctcaatg
tt gcaagaaa aaat agacca tttggagcgt gatcatctca aatattagag actcagtcat caatttgagt
gaaaagttca caaagcaatt tcagccaagg tgctggctca ccctagcaag gccaccgaag aactgcaccg
ggtggacttc agagtatttt gtgcgcacca aagctggogg tgtgtgcttc -4- aaaccaggta
ccaggat gct ggagaaacct tctccagggc ggad@yagga gaagaccaag480 gt ggct gagg
ggt cct cggt ccggggt cct gctcggaggce ctatgcggca tgtgttgagt 540 gcacgggagce
gcct gggagg ccggggcact aggcgcaagt gggttgagtg tgtgtgectgb00 ccaggctgge
acgggcccag ctgcggggl.g ciuavtgre mapgalin atlls witceat-frigeced@ibdrcaaggage
gcct ggt acc cagggaggt g cexpaRgsenpgiont at caacge cat caacat c720 aaccat gagt
tcgacctgct ggatgtgcgc ttccatgagc tgggcgatgt tgtggacgcc780

Transfection of BHK cells

[0276] Exponentially growing cells (viability 90-95 %) are cultured, harvested
and subsequently transfected as described m Example 1. For the production of
the glycoengineered antibodies, the cells are co-transfected with two plasmids,
one for antibody expression and the other for fusion GaiT polypeptide expression,
at a ratio of 3:1, respectively.

Transfection of HEK293-EBNA cells

[0277] Exponentially growing HEK293-EBNA cells are transfected as described
in Example 1. For the production of the glycoengineered antibodies, the cells are
co-transfected with two plasmids, one for antibody expression and the other of
fusion GalT polypeptide expression, at a ratio of 4;1, respectively. Atday S post-
transfection, supernatant is harvested, cemtrifuged 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 cel] line expressing a recombinant anti-CD20
antibody and a GalT-fusion

[0278) The clone BHK-1502-28, constitutively expressing apti-CD20
monoclonal entibody genes and the neomycin resistance gene, is transfected with
the expression vector by electroporation. The vector allows for constitutive
expression of the Manll-GalT gene and a truncated form of human CD4, the
latter IRES-dependently expressed. The vector also contains a puromycin-
resistance gene expression cassette. Puromycin-resistant clones are first selected
to obtain a set of clones that chromosomally integrated the vector DNA. Clones
are then screened for surface expression of truncated CD4 (tCD4), which serves
as a marker for expression level of the bicistronic Manll-GalT+HCD4 gene
expression unit. Recombinant antibody production of the selected clones is
verified using an ELISA assay.



tttgtggtct gcgaatccaa tttcaccgcc tacggggagc ctcggccgcect caagttccga. 840
gagat gct ga ccaatggcac cttcgagtac atccgccaca aggtgctcta cgtcttcctg900
gaccacttcc cacctggtgg ccgtcaggac ggctggattg cagacgacta cctgcgtacc960
ttcctcaccc aggatggtgt ctcccgecctg cgcaacctgc gacctgatga cgtctttatc 1020

at cgacgacg cggacgagat ccctgcgcgt gatggtgtgc tgttcctcaa gctctacgat 1080

ggct ggacag caaccaggca ggct ggacgg at gagaaccg cgggctggca agcccttcgc cacggaggtg
cat ccgcct'g caccggccac ctgctcctgg ctfékatatg gtgtcaggcet cgccgecgtc atcctagtge
tgcttcacac cgcaagtccc gcaccattga agtactacac agtggtctct ccgagggcat

tgtatggttt catgctgcag catgcccaac oggcagoccc ctacttcaaa
[0279] Transfection and subsequent screeping of tCD4 expression leve] is carried

out as described in Exarple |,

4. Production and purification of unmodified and glycoengineered
antibodies

[0280] In the case of BHK cells transfected with an artibody expression vector or
co-transfected with an antibody expression vector plus a GalT-fusion expression
vector, the culture supernatant is harvested after culturing the transfected cells for
96 h post transfection. Depending on the expected productivity, several

) electroporations (10-15) are done for the same vector.

[0281] In the case of HEK293-EBNA cells ransfected with an antibody
expression vector or co-transfected with an expression vector plus a GalT-fusion
expression vector, the culture medium is replaced by fresh culture medium
approximately 16 hours post-transfection and the later medium is then harvested
after culturing the transfected cells for a further 120 hours.

[0282] For the stable BHK-1502-28-11 cell line, a culture is seeded at 500,000
cells/ml and supernatant harvested after 4 days of culture.

Antibody purification

[0283] Monoclonal antibody is purified from culture supematant using two
sequential chromatographic steps, Protein A chromatography and cation
exchange chromatography as described in Exarople 1.

5. Oligosaccharide Analysis

[0284] Oligosaccharides ars 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/TOF-MS analysis or are further digested with
EndoH glycosidase prior to sample preparation for MALDI/TOF-MS analysis.



cttttggaag 1140 gctgtgtatg 1200 tttcgacagt 1260 ctgcacttcg 1320 ctcgtgtcgg
1380 cccagaatgg tgacttcccc cgectggggtg tccgaagctt gattcgcact gggggat ggt
cagaccccag tgaacacatg tatgctccta gctacttgcect cgaaaatccc taccgggagc accagggctc
agacggaagg tcatctgctg cggaacagaa actgatctct gaagaggacc actacgagga caagagggac
ctcaattaca tcgacggcac gcagcaggag taccctcctg agtacctgct caagaactat gaccagttcc
ccaagagcac tgtagagggt gggcgccgga tcaggggcaa gttggataca acggagggcc tgtag <210>
13 <211> 571 <212> PRT <213> Artifici-al0-Sequence <220> <223> Amino acid
sequence of GnTI-OnTIIl <400> 13 Met Lys Len Ser Arg G n Phe Thr Val Phe Qvy

Ser Ala Ile Phe Cys 151015 Vval Val Ile Phe Ser Len Tyr Lau Met Len Asp Arg Gy
His Len Asp The oligosaccharide release method for PVDF membrane-immobilized antibodies

and the oligosaccharide release method for antibodies in solution are carried out

as described in Example 1.

Use of Endoglycosidase H digestion of PNGaseF-released oligosaccharides for

the assignment of hybrid galactosylated oliposaccharide structures to
MALDI/TOF-MS neutral oligosaccharide peaks

[0286] The PNGase released okipgosaccharides are subsequently digested with
Endoglycosidase H (EC 3.2.1.96) as described in Example 1.

' MAILDLTOF-MS

[0287] Samples containing the enzymatic dipests containing the released
oligosaccharides are prepared for end subsequently run on a MATDI/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 cells are isolated from PBMC applying a negative selection

procedure as described in Eiamplc 1.
8. ADCC Assay

[0290] PBMC or NK as effector cells are prepared as described above and
assayed for their ability to mediate cytotoxicity in an Antibody Dependent
Cellular Cytotoxicity (ADCC) Assay as described in Example 1.



202530 Tyr Pro Arg Asn Pro Arg Arg Gu Ay Ser Phe Pro Gn Ay G n Leu 354045
Ser Met Leu Gn Qu Lys Ile Asp His Len Qu Arg Deu Leu Ala G u 505560 Ann Ann
GQu llelle Ser Asti Ile Arg Asp Ser Val Ile Asn Lea Ser 65707580 G u Ser Val
Gu Asp Ay Pro Lys Bet Set Gn Ser Asn The Ser Gn 85 '"9095 Ay Ala Ay Sex
Pro Leu Leu Gn Pro Leu Ser Pro Ser Lys Ala Thr 100105110 Gn Gu Leu H's Arg
Val Asp She Val Leu Pro Qu Asp Thr Thr du 115120125 Tyr Phe Val Arg Thr Lys
Ala Gy Gy Val Cys Phe Lys Pro Ay Thi.

9. FegammaRIMA binding on NK cells and FegammaRTIb binding
on Raji lymphoma cells

[0291] The binding of FcgammaRIIIA on freshly isolated NK cells and the
binding of FcgammaRIIb on Raji Ivmphoma cells is determined as described in
Example 1.

10.  Complement dependent cytotoxicity assay

[0292] Complement dependent cytotoxicity assays are performed using antibody
dilutions according to the method described in Example 1.

Results and Discussion

[0293] Assays are carried out in order to demonstrate the impact of the
expression of genes encoding polypeptides with GalT activity on cell viability,
cell growth or antibody production, relative to cells not producing such
‘polypeptides.

[0294] The purified antibodies are analyzed for their glycosylation patterns by
MALDITOE-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 ummodified 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
GnTl Golgi localization domain, leads mainly to galactosylated complex
biantennary oligosaccharides relative to the wild-type GalT. If galactosylated,
non-fucosylated and galactosylated, hybrid structures are synthesized, these may



130135140 Arg Met Leu Qu Lys Pro Ser Pro Ay Arg Thr Gu G u Lys Thr Lys
145150155160 Val Ala Qu Ay Ser Ser Val Arg Ay Pro Ala Arg Arg Pro Met Arg
165170175 His Val Leu Ser Ala Arg Gn Arg Lea Ay Gy Arg Ay Thr Arg Arg
180185190 Lys Trp Val Au Cys Val Cys Leu Pro Ay Trp Hs Ay Pro Bar Cys
195200205 Gy Val Pro Thr Val Val Gn Tyr Ser Ann Lieu Pro Thr Lys Gu Arg
210215220 Leu Val Pro Arg Qu Val Pro Arg Arg Val Ile Asn Ala lle Ann Ile
225230235240 Ann His G u Phe Asp Leu-lPeu Asp Val Arg Phe Hs Gu Lau Gy Asp
245250255

result from the cotnpetition between GalT and other glycosyltransferases or
glycosidases. It is expected that once an oligosaccharide is modified with a
galactose added via a GalT-catalyzed reaction, wl,6-core fucosyltransferase,
Golgl o-mannosidase I (Manll) and GnTII can no longer act to modify the
galactosylated oligosaccharides. |

[0296] EndoH glycosidase digestion, which can distinguish between hybrid and
complex oligosaccharides is used evaluate the proportion of Fc-attached
galactosylated, non-fucosylated and galactosylated, hybrid oligosaccharides.

[0297] Tests are carried out to determine if the engineering of the antibody-
producing cells by expression of a nucleic acid encoding 2 ManII-GalT fusion
polypeptide, where the GalT catalytic domain is lecalized via the ManTl Golgi
localization domain, leads mainly to galactosylated, non-fucosylated and
galactosylated, hybrid. Specifically, it is determined whether, relative to the
wild-type GalT and to the GnTI-GalT fusion, the Manll-GalT fusion is more
efficient in the synthesis of Fc-attached galactosylated, non-fucosylated and
galactosylated, hybrid oligosaccharides.

[0298] As mentioned above, endoglycosidase H (EndoH) is used to confirm the
assignment of galactosylated non-fucosylated and galactosylated, hybnd
structures to the different oligosaccharide peaks observed in the MATDI profiles.
Of the oligosaccharide galactose residues that carry a galactose regidue, the
percentages of those structures that are non-fucosylated hybrid structures,
fucosylated hybrid and fucosylated complex oligosaccharide structures are
determined.

[0299] The impact of the level of GalT expression and the particular localization
domain that is used to target the GalT catalytic domain to the Golgi, on the
competition for 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 cellnlar 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 locatization domains is

determined.



Val Val
Pro Arg
Tyr Ile
Ay Arg
Thr G n
e lle
Lys Leu

Ala Phe Val Val Cys Qu Sc Asn Phe Thr Ala Tyr 'fly 260265270 G u
Leu Lys Phe Arg MJ Met Leu Thy Mh Ay Thr Phe 275280285 -6- Gt
Hi s Lys Val Leu Tyr Val Phe Leu Asp His Phe Pro 290295300 Pro Gy
Asp Ay Trp Ile Ala Asp Asp Tyr Leu Arg Thr 305310315320 Phe Leu
Gy Val Ser Arg Leu Arg Asn lieu Arg Pro Asp 325330335 Asp Val Phe

Asp Ala Asp Qu Ile Pro Ala Arg Asp Ay 340345350 Val

Asp Gy Tip Thr Gu Pro RPhs-Al a Phe

[0300] It 1s also determined whether giycoengineered antibodies produced 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 receptor FegammaRIIA or for the inhibitory FegammaRTIb.

[0301] The GalT constructs will outcompete the activity of the endogenous core
D1,6-fucosyltransferase, glycoengineering the Fc region of an antibody and,
consequently, increasing ADCC.

{0302] 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 recorbinant antibedy and a fusion polypeptide with GalT
activity is determined. The relative percentages of the oligosaccharides of the
glycoengineered monoclonal antibody produced by the stable BHK-1502-28-11

cell line are also determined.

EXAMPLE 5
Materials and Methods
1. ‘Construction of Manll and GnTII expression vectors
[0303] For construction of the ManI expresgion vector, a human mannosidase IT

(SEQ ID NO:17) cDNA was subcloned into an expression vector plasmid
dowustream of the MPSV promoter and upstream of a synthetic rabbit beta-
globin polyadenylation signal. For the GnTYI expression, an expression vector
plasmid is used with the human GnTH cDNA subcloned downstreamn of the
human CMV promoter/enhancer and upstream of a bovine growth hormone
polyadenylation signal.

Leu Phe Leu



355360365 Hi s
370375380 Leu

405410415 Asn
420425430 Ser
435440445 Phe
450455460 Asp
465470475480

[0304]

[0305]

[0306]

Met Arg Lys Ser Leu Tyr Ay The The Tip Lys Gn Pro Gy Thr
GQu val Val Ser Ay Cys Thr Ile Asp Met Leu G n Ala Vval Tyr
385390395400 Ay Leu Asp Ay Ile Axg Leu Arg Arg Arg G n Tyr Tyr Thr Met Pro

Phe Arg Gn Tyr Au Asn Arg Thr Ay H s Ile Leu Val

GnTip

Leu "fly Ser Pro Leu Hs Phe Ala Ay Trp Hs Cys Ser Tip Cys
Thr Pro Qu Ay Ile Tyr Phe Lys Leu Val Ser Ala G n Ann Ay
Phe Pro Arg Trp Ay AspldTyr Gu Asp Lys Arg Asp Leu Ann Tyr

Combination of the expresgion vectors with the replication origin oriP from
Epstein Barr virus.

A DNA fragment with otiP was subcloned as described in Example 1 into
the ManlT expression vector described above to give Manll expression vector
pCLFS. ADNA fragment with oriP is subcloned as described in Example 1 into
the GnTII expression vector described above to give GnTII expression vector
pGoTIL

2. Transfection of HEK293-EBNA cells

Exponentially growing HEK293-EBNA cells were trapnsfected as
described in Example 1. For the production of unmodified antibody “Cwt”, the
cells were transfected with antibody expression vector (pETR1520). For the
production of the glycoengineered antibody “Cbrt”, the cells were co-transfected
with two plasmids, one for antibody expression (pETR1520) and another for
fusion GnTII 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 (pETR 1520), one for
fusion GnTII polypeptide expression (pPETR1519), and one for mannosidase I
expression (pCLF9) at a ratio of 3:1:1, respectively. For the production of the
glycoengineered antibody “Cmg”, the cells are co-transfected with four plasmids,
one for antibody expression (pETR1520), one for fusion GnTII polypeptide
expression (pETR1519), one for mannosidase IT expression (pCLF9), and one for
GnTU expression (pGnTID) at a ratio of 4:0.33:0.33:0.33, respectively.

3. Production and purification of unmodified and glycoengineered antibodies

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.
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Antibody purification

{0307] Monoclonal antibodies were purified from culture supematants using two
sequential chromatographic steps, Protein A chromatography and cation
exchange chromatography as described in Example 1. For antibodies ewt7, cbrt5,
and cm ], an additional size exclusion chromatography step using a Superdex 200
colurnn (Amersham Pharimacia) and phosphate buffer saline was added after the

cation exchange step, and the monomeric antibody peak was collected.
4, Oligosaccharide Analysis

{0308] Oligosaccharides were enzymatically released from the antibodies in
solution by PNGaseF digestion as describaed in Example 1.

Use of Endoglycosidase H digestion of PNGaseF-released oligosaccharides for
the assignment of hybrid bisected oligosaccharide structures to MALDI/TOF-MS
neutral oligogaccharide peaks

[0309] The PNGase released oligosaccharides were subsequently digested with
Endoglycosidase H (BC 3.2.1.96) as described in Example 1.

MALDIVTOF-MS

[0310] Samples containing the enzymatic digests containing the released
oligosaccharides were prepared for and subsequently ren 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 Diagnestics Inc., St. Louis, MO63178 USA) following
essentially the manufacturer’s instructions and the protocol described in Bxample
1.
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agggcttgtg
cgcccagcac
acccgggaag
ct gct gcagce
cctcccgecc
agcaaggcca
tattttgtgc
aaaccttctc
ggtcctgctc
ggcact aggc

ggggt gccca
gaggtgccga

ct gt ggggceg
ct ggcaggcc
t gatt cgect
agat cgggga
agccgcegt gt
ccgaagaact
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gt att ccaac660
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Ot gcccacca

<400, 14 atgctgaaga agcagtctgc
ctatcctctt tgtggcctggb0 aatgccctge tgctcctctt cttctggacg

at ggcgaccc
agct ggagcg
ggagggt gcc
t gct ccagcc
t gccggagga
caggt accag
ct gaggggt ¢
gggagcgcct
gct ggcacgg
aggagcgcct

cgccagcectc
gcagcgt ggg
caccgcggcec
act gt ccect
caccacagag
gat gct ggag
ct cggt ccgg
gggaggccygg
gcccagcet gc
ggt acccagg

QuRpggt t MumERRR g8k b 158lted from PBMC applying a negative selection
procedure as described in Example 1.

7. ADCC Assay

[0313]

PBMC as effector cells were prepared as described above and assayed for

their ability to mediate cytotoxicity in an Antibody Dependent Cellular
Cytotoxicity (ADCC) Assay as described in Bxample 1.

8. FcgammaRIITA binding on NK cells

[0314]

binding of FcgammaRTIb was determined as described in Example 1,

9. Complement dependent cytotoxicity assay

[0315]

The binding of FcgammaRITIA on freshly isolated NK cells and the

Compleruent dependent cytotoxicity assays were performed using

antibody dilutions according to the method described in Example 1, with the
following modification for the preparation of the human complement source.
Briefly, normal 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 ant-CD20Q chimeric IgGl antibody

(C2B8 chimeric antibody, also known as rituximab} were produced by co-

transfecting cultures of mammalian cells with vectors for expression of antibody

genes and with vectors for expression of genes encoding polypeptides with
GnTI activity and mannosidasell. An additional glycoengineered antibody
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cgcctgcgca
gcgcgtgatg
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ggattgcaga cgactacct g960
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gtgtgctgtt cctcaagctc 1080
agtecctigta tggtttcttt 1140
ccattgacat gctgcaggct 1200
actacaccat gcccaacttt 1260
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gagggcccgg
agggct caga
aaat ccct ac
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Cttcaaactc
agagcact gt

c acttecipninplsg trgdedhy ge cansfreting adiates of neanintetiirgpegrithavgdtdre cgct cgccggaacc
agat%?&%e%&ong&t&9&%%%&%@%%9&&%@&g rEsgl%Eé fg gegagtga act tgctcga

aacagaaac tC ctcct C gCact ggg acacat gt at
cggaag@MGQOQHmbtﬁMga@ﬂHEMQQMQaagmmewﬁ@avvngnd@g@gtgact ggatggttcg
CO99RGHEC Fol Q%&Qgﬂl%&éd SAARFCEEO! cenOGLELERERRCAGREOCCL g agggcat Ct a

acgaggacaa gag gacctc acggcacgca gcagga tac acctgftcaa gaact at gac

agad¥yg Pheedy gerlenatibady gepasterdaB iR 1ag0), one for fusion GuT
polypeptide expression (pETR1519). For glycoengineered antibody “Cm”, cells

were co-transfected with three plasmids, one for antibody expression
(pPETR1520), one for fusion GnTT polypeptide expression (pBTR1519), and one
for mannosidase II expresston (pCLF9). For glycoengineered antibody “Cmg”,
cells are co-transfected with four plasmids, one for antibody expression
(pETR1520), one for fusion GnTIII polypeptide expression (pETR1519), one for
mannosidase II expression (pCLF9), and one for GnTII expression (pGnTII) at.
Anunmodified (non-glycoengineered) version of the same antibody, “Cwt” was
produced by transfecting mammalian cells only with the vector for antibody gene
expression. The transfected cells were kept in culture for five days and the
secreted, recombinant antibodies were purified from the culture medium.
Expression of genes encoding polypeptides with GnTIH and Man]I activity did
not have any significant effect an cell viability, cell growth or antibody
production, relative to cells not producing such glycosyltransferase or glycosidase
polypeptides.
{0317] The purified antibodies were then amalyzed 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 PNQGaseF digestion and were
subsequently analyzed by MATDI/TOF-MS. Using this technique, it is possible
to determine the fraction of different oligosaccharide species within the total,
original Fc-oligosaccharide population, and it is also possible to assign structures
to different peaks in the spectra (Umara, P. ef al, Nature Biotechnol. 17:176-
180(1999)).
Figure 26 shows the neutral oligosaccharide MALDI/TOF-MS profile
from the unmodified, recombinant C2B8 anti-CD20 chimeric IgG1 antibody Cwt.
As for the unmodified antibody previously described in Example 1, Figure 5, Cwt

[0318]



<210, 15 <211s 573 <212, PRT <213, Artificial Sequence <220> <223> Am no acid
sequence of Manll-G1TlI I fusion <400> 15 Met Len Lys Lys A n Ser Ala Ay Leu
Val Leu Trp Gy Ala Ile Len 151015 Phe Val Ala Tip Asa Ala Leu Leu lien Leu
Phe Phe Trp Thr Arg Pro 202530 Ala Pro Ay Arg Pro Pro Bar Val Ser Ala Leu
Asp Ay Asp Pro Ala 354045 Ser Leu Thr Arg Qu Val Ile Arg Leu Ala G n Asp

Ala du Val G n 505560 18

had a typical oligosaccharide profile, with peaks at m/z ratios of 1485, 1648 and
1810 being consistent with bisntennary, core-ficosylated, complex
ohgosaccharides with 0, 1- and 2-galactose residues, respectively. Engineering
of the antibody-producing cells by expression of anucleic acid encoding a Man1l-
GnTII fusion polypeptide, where the GnTII catalytic domain is localized via the
Manll Golgi localization domain led to the production of an antibody (Chrt)
where the majority of the Fe-oligosaccharides were bisected, non-fucosylated
hybrid (see Figure 27). As described in Example 1, 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.

[0319] Engineering of the antibody-producing cells by co-expression of anucleic
acid encoding a ManTI-GnTIII fusion polypeptide, where the GnTIO catalytic
domain is localized via the Manll Golgi localization domain, and a nucleic acid
encoding Manli, 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 ManTi-GnTII fusion polypeptide, where the Gn'TII catalytic domain
is localized via the Manll Golgi localization domain, a nucleic acid encoding
ManTl and a nucleic acid encoding GnTIL, leads to the production of an antibody
(Cmg) where the majority of the Fc-oligosaccharides are bisected, non-
fucosylated complex, with a fraction of bisected, non-focosylated complex Fe-
attached oligosacchanides 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-GnTIII fusion polypeptide, where the
GnTII catalytic domain is localized via the Manil Golgi localization domain,
where the ManIl-GnTII-encoding nucleic acid is expressed either on its own
(antibody Cbrt) or co-expressed in the antibody producing cells together with a
nucleic acid encoding Manll (Cm). Therefore, increasing the level of bisected,
non-fucosylated oligosaccharides of either the hybrid or complex type in the Fc
region of the glycoengineered antibodies leads to increased ADCC activity.



Leu u ;nmg Gn Arg Gy Leu Len An Gn lle Ay Asp Ala Leu Ser 65707580 Ser
y Pro Thr Ala Ala Pro Pro Ala G n Pro Arg 859095 Val

Gn Arg

Arg Val

Pro

Val Thr Pro Ala Pro lieu Leu Gn Pro Leu Ser Pro Ser Lys 100105110 Ala Thr G n
Qu Leu H's Arg Val Asp Phe Val Leu Pro Gu Asp Thr 115120125 Thr GQu Tyr Pile
Val Arg Thr Lys Ala Ay dy Val Cys Phe Lys Pro 130135140 -9- Ay Thr Arg Met
lieu Au Lys Pro Set Pro Ay Arg Thr Qu G u Lys 145150155160

(0321]

[0322]

[0323]
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Natural killer (NK) cells are known to be important mediators of ADCC.
These cells carty on their surface the activating Fcgamma receptor LA, also
known as CD16a. Binding of the Fc region, of the target-cell bound antibodies,
to FegammaRTIA receptors on NK cells is essential for crosslinking of these
receptors on the WK cell and subsequent induction of ADCC. Therefore it is
immportant to evaluate the binding of the antibedies 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 30 demonstrates
that glycoengineered antibodies produced by expression in the antibody
producing cells of a nucleic acid encoding a fusion polypeptide with GnTII
activity, expressed either on its own (antibody Cbrt) or co-expressed in the
antibody producing cells together with a nucleic acid encoding Man!l (Cm), have
increased binding affinity to the human activating Fc receptor FegammaRITIA.,
As mentioned above for the ADCC assays, these antibodies have increased levels
of bisected, non-fucosylated oligosaccharides that result from the expression in
the aptibody-producing cells of the fusion polypeptide with GnTTII activity.

Therefore, increasing the level of bisected, non-ficosylated
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 sssay were from a donor of a genotype that does not express the
FcgammaRIIc receptor on their NK. celis (Metes, D. et al. J. Immunol. Methods
258(1-2):85-95 (2001)). Therefore the only Fc recepior on the surface of these
cells 1s the activating FcgammaRTITA receptor.

The binding domain of the activating FcgammaRITIB receptor is almost
identical to that of the FegammaRITIA. 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
polymorphonuclear (PMN) cells, including release of toxic products and
phagocytosis ((Reff, M.E. and Heard, C. Crit Rev Oncol Hematol. 40(1):25-35
(2001), Daeron, FM. Annu. Rev. Immunol. 15:203-34 (1997), Ravetch, J.V. and
Bolland S. Annu. Rev. Immunol. 19:275-90 (2001)).
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[0324]

[0325)

Arg Gy Pro Ala Arg Arg Pro 165170175

180185190 Arg

GQu Cys Val Cys Leu Pro Ay Trp Hs Ay Pro 195200205 Ser Cys
Ay Val Pro Thr Val Val @n Tyr Ser Ann Leu Pro Thr Lys 210215220 Gu Arg
lieu Val Pro Arg Gu Val Pro Arg Arg Val Ile Asn Ala Ile 225230235240 Asn Ile

Arg Phe H's Qu Leu 245250255 Ay Asp Val

e Val Val Cys G u Set-1dh rue Thr Ala 260265270 Tyr Gy (flu
Pro Arg Pro Leu Lys Phe Arg Gu Met Leu Thr Asn (fly

_Cbrt, an anti-CD20 antibody preduced in cells engineered for expression
of the nucleic acid encoding a fusion polypeptide with GnTII activity and
localized to the Golgi via the Manll localization domain was tested also for
complement mediated lysis (CML), a different effector function that is not
dependent on Fc receptors on immune effector cells. The vast majority of the
oligesaccharides of this glycoengineered antibody were of bisected hybrid non-
fucosylated type. Reduced CML activity was observed for the Cbrt antibody
corapared to the unmodified antibody Cwt (Figure 31). For some applications
antibodies with increased ADCC but with reduced CML may be desijrable, for
example to reduce side effects, such as vasculitis in the blood vessels at the temor
site, mediated by CML. Other significant CML-mediated side-effects have been
observed for anti-CD20 antibody therapy {van der Kolk L.E. et al. Br J
Haematol 115(4):807-11 (2001)). However, it is possible to produce
glycoengineered antibodies with increased ADCC activity and FegammaRT
binding, but without significantly reducing CML activity relative to the
vnmeodified antibody, as in the case of antibody Cm (Figure 31). Such antibodies
wonld be desirable for applications where maximal target cell elimination
requires both high ADCC and high complement activation and CML activity.
The oligosaccharide profiles described above show that is possible to engineer
cells to produce antibodies where a majority of the Fe-attached oligosaccharides
are of the bisected, non-fucosylated complex type instead of hybrid type by co-
expressing the GnTII fusion polypeptide together with a nucleic acid encoding
ManII (antibody Cm) or together with a nucleic acid encoding Manll and with a
nucleic acid encoding GnTII (antibody Cmg). The glycoengineered antibodies
have increased ADCC activity and increased FcgammaRIIT binding affinity that
correlates with their increased levels of bisected non-fucosylated
oligosaccharides, while their CML activity increased as the fraction of complex
oligosaccharides ncreases relative to the fraction of hybrid oligosaccharides.

This and the previous examples have described the expression of fusion-
polypeptide encoding nucleic acids, where the fusion polypeptide is localized to
the Golgi complex and has a catalytic domain that competes with endogenous
fucosyltransferases for oligosaccharide acceptors previoulsty modified via GnTT-



275280285 Thr Phe Qu Tyr Ile Arg Hie Lys Yea lieu Tyr Val Phe Leu Asp His
290295300 Phe Pro Pro Ay Ay Arg Gn Asp Gy Trp Ile Ala Asp Asp Tyr Leu
305310315320 Arg Thr Pile Leu Thr A n Asp Gy Val Bar Arg Leu Arg Asn Leu Arg
325330335 Pro Asp Asp Val Phe Ile Ile Asp Asp Ala Asp Qu Ile Pro Ala Arg
340345350 Asp Ay Val Leu Phe Leu Lys Lett Tyr Asp Gy Trp Thr flu Pro The
355360365 Ala Pile Hs net Arg Lys Ser Leu Tyr Ay Phe Phe Trp Lys @n Pro
370375380 -10- -121-

catatyzed reactions. Recombinant glycoproteins produced by such engineered
host cells have increased levels of non-fucosylated oligosaccharides. This
example demonstrates that co-expression in such host cells of nucleic acids
encoding Man!l and/or GnTII together with the above fusion-polypeptide
encoding nucleic acids, leads to an increase in the biosynthetic flux towards
complex instead of hybrid oligosaccharides and therefore to the synthesis of
glycoproteins with increased levels of non-fucosylated complex oligosaccharides
relative to glycoproteins produced in cells not co-expressing the ManlIl- and/or
GnTI-encoding nucleic acids.

EXAMPLE 6

Overexpression of a-Mamosidase
Moiecular cloning

Human a-Mannosidase II

[0326] The gene coding for the human a-Mannosidase I ("hManII") (E.C.
3.2.1.114) (SEQ ID NO:17), under the control of the MPSV promoter, was
cloned in dn expression vector containing the OriP element. The resulting
expression vector pCLF9 is shown in Figure 32A. The expression vectors coding
for the light and heavy chain of the apnti-CD20 monoclonal antibody were
respectively pETR1842 and pETR1843 (Figures 32B and 32C).

Fugion protein Manll-Ga]T

[0327] A fusion protein (SEQ ID NO:20), consisting of the hManll CTS and the
catalytic domain of the human B 1,4-galactosyltransferase (M22921, amiro acids
126-397) was constructed as desctibed below. The hManll 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 hManIl CTS was combined with the catalytic domain of GalT
to obtain a fusion protein controlled by the MPSV promoter (pCLF24). The



Val Tyr Ay lieu Asp Gy Ile Arg Leu Arg Arg Arg G n Tyr Tyr Thr 405410415 Met
Pro Asn Phe Arg G n Tyr Qu Asn Ars Thr Ay Hs Ile Len Val 420425430 G n Trp
Ser lieu Ay Ser Pro Lee His Phe Ala Gy Tip Hs Cys Ser 435440445 Trp Cys Phe
Thr Pro Qu Gy Ile Tyr Phe Lys lieu Val Ser Ala G n 450455460 WMnh Ay Asp Phe
Pro Ass Trp Ay Asp Tyr GQu Asp Lys Arg Asp Leu 465470475480 Asn Tyr Ile Arg
Ser beta lle Arg Thr Ay Ay Trp the Asp Ay Thr 485490495 in Gn Gu Tyr Pro
Pro Ala Asp Pro Ser Gu Hs Met Tyr A= Pro 500505510 Lys Tyr Leu lieu Lys Asn
Tyr Asp G n Phe Arg Tyr Leu lieu A u Asn

whole GalT gene was obtained from pBlueGalT. The gene coding for GalT was
sequenced (SEQ ID NO:16):

MRLREPLLSGSAAMPGASLQRACRLLYAVCALHLGVTLVYYLAGRDLSR
LPQLVGVSTPLQGGSNSAAAIGQSSGELRTGGARPPPPLGASSQPRPGGDS
SPVVDSGPGPASNLTSVPVPHTTALSLPACPEESPLLVGPMLIEFNMPVDL
ELVAKQNPNVKMGGRY APRDCVSPHK VAHIPFRNRQEHLKYWLY YLHP
VLQRQQLDYGIYVINQAGDTIFNRAKLLNVGFQEALKDYDYTCFVESDV
DLIPMNDHNAYRCFSQPRHIS VAMDKFGFSLPYVQYFGGVSALSKQQFLT
INGFPNNYWGWGGEDDDIFNRLVFRGMSISRPNAVVGRCRMIRHSRDKX.
NEPNPQRFDRIAHTEETMLSDGLNSLTYQVLDVQRYPLYTQITVDIGTPS

[0328] The 5’ of GalT was amplified with CF32/CF38 and a Fsel restriction site
was added in front of the gene. The sequence was found correct by sequencing
and exchanged in pCL¥24 by Fsel/Dralll digestion (pCLF26). The OriP was
added to pCLF24 and pCLF26 to generate respectively pCLF25 and pCLF27
(Figures 33A and 33B).

Expression of a-Mannosidase and ManIl-GalT in HEK 293-EBNA cells

[0329] HEK 293-EBNA cells were transfected with the calcium phosphate
method. Briefly, for the transfection of a T150, 15 mllion 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 soluticn of DNA, CaCl, and
water was prepared by mixing 94 pg total plasmid vector DNA, 469 pl of a IM
CaCl, solution, and adding water to a final volume of 938p:1. 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 imrmediately for 10 sec and left to stand at room temnperature for
20 sec. The suspension was diluted with 24 mi of DMEM supplemented with 2%
FCS, and added to the T150 in place of the existing medium. The cells were



515520525 Pro Tyr Arg Qu Pro Lys Ser Thr Val Gn Ay (fly Arg Arg Asn G n
530535540 Gy Ser Asp Gy Arg Ser Ser Ala Val Arg Ay Lys Leu Asp Thr Thr
545550555560 Qu Ay Pro Qu Gn Lys Leu Ile Ser Qu Gu Asp Leu 565570 <210>
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@y 151015 His Leu Ay Val Thr Leu Val Tyr Tyr Leu Ala Ay Arg Asp Leu Set
-123-

incubated at 37°C, 5% CO, for about 17 to 20 hours, and the medium was
replaced with 30 ml DMEM, 10% FCS.

[0331] For testing the a-Mannosidase II effect on core—ﬂlcosyltransferase
competition, the cells were transfected with pETR 1842, pETR 1843 and pCLF9 at
aratio of 2:2:1 respectively, For the fusion protein ManIl-GalT, the cells were
transfected with pETR1842, pETR1843 and pCLF25 at a ratio of 2:2:1
respectively. At day 5 post-transfection, supernatant was harvested, centrifuged
for 5 min at 1200 pm, followed by a second centrifugation for 10 min at 4000
rpm, filtered and kept at 4°C.

Purification of anti-CD20 monoclonal antibody

[0332] The monoclonal antihody was purified from 30 ml of supemetant by two
step chromatography, involving first a Protein A chromatography, to separate the
monoclonal antibody from the cow antibody present in the serum, followed by a
cation exchange chromatography, to buffer exchange the sample to PBS.

Oligosaccharide analysis

PNGaseF digestion
[0333] The monoclonal antibody sample {50 ug) was incubated with N-

Glycosidase F (recombinaut, Roche, Switzerland) at 0.1 mU/ul. The digestion
was performed in 2mM Tris, pH7.0 buffer for 3 hours at 37°C. The released
neutral oligosaccharides were then incubated at 150mM acetic acid for 3 hours at
room temperature. The samples were then desalted with 0.6 ml cation exchange
resin (AGS O0W-X8 resin, hydrogen form, 100-200 mesh, BioRad, Hercules, CA)
packed into a micro bio-spin chromatography column (BioRad, Hercules, CA).

EndoH digestion

[0334] The PNGaseF released oligosaccharides were digested with
Endoglycosidase H (EC 3.2.1.96, ROCHE, Switzerland), an enzyme cleaving
between the N-acetylglhicosamine residues of the chitobiose core of N-linked



354045 Arg lieu Pro @dn Leu Val Ay Val Ser Thr Pro lieu Gn Ay Ay Ser
SB560 Asn Ser Ala Ala Ala lle (fly Gn Set Ser Gy Qu Leu Arg Thr Ay
65707580 Ay Ala Arg Pro Pro Pro Pro Leu Gy Ala Ser Ser Gn Pro Arg Pro
859095 Gy Gy Asp Ser Ser Pro Val Val Asp Sec Gy Pro (fly Pro Al a Set
100105110 Asn Leu Thr Ser Val Pro Val Pro H's Thr Thr Ala lieu Ser Lieu Pro
115120125 Ala Cys Pro Au GQu Ser Pro Lieu lieu Val Ay Pro Met lieulle Qu
130135140 Phe Asn Met Pro Val Asp Leu2dd u Leu Val Ala Lys Gn Asn Pro Ann
145150155160 Val Lys Met Ay Ay Arg Tyr Ala Pro Arg Asp Cys Val Ser Pro His

oligosaccharides, prior to acetic acid treatment. The enzyme will cleave
oligomannose and most hybrid type glycams, whereas complex fype
oligosaccharides are not hydrolyzed. .

{0335) The oligosaccharides were digested with 0.2 m{)/ul Endoglycosydase H
in 2mM Trs, pH 7.0. The digestion is performed at 37°C for 3 hours. The
oligosaccharides were incubated 3 h at room temperature at 150 mM acetic acid,
and subsequently desalted with 0.6 ml cation exchange resin (AGS0W-X8 resin,
hydrogen form, 100-200 mesh, BioRad, Switzerland) packed into a micro bio-
spin chromatography column (BioRad, Switzerland).

Matrix and sample preparation ’

[0336] The 2,5-dihydroxybenzoic acid matrix (sDHB) was prepared by
dissolving 2 mg of 2,5-dihydroxybenzoic acid + 0.1 mg of 5-methoxysalicylic
acid in 1 mi of ethanol/10 mM aqueous sodium chionide 1:1 (v/v). 1 pl of
sample was applied to 2 stainless stee] target, end 1 pl of sDHB matrix was

mixed. The samples were air-dried and 0.2 pl ethanol was applied.

MAIDITOF analysis
[0337] The MALDI-TOF mass spsctrometer used to acquire the mass spectra

was a Voyager Elite (Perspective Biosystems) equipped with delayed extraction.
The instrizment 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 o'ligosacchm-ide 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 ManlIl is shown in Figure 34. The oligosaccharides found associated
to the Fc portion of the antibody are complex structures, 48% of which lack the
core fucose. The ci-Mannosidase II competes with the core-Fucosyltransferase,

generating 48% of nou-fucosylated oligosaccharide structures, In the absence of
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a-Mannosidase II, the oligosaccharides of the Fc portion of the antibody are
composed only of fucosylated structures (wild type antibody).

[0339] The oligosaccharide profile of an anti-CD20 antibody produced in the
presence of the fusion protein ManIl-GalT is shown in Figure 35A-B. As for o
Mammosidase II, also in the case of the fusion protein ManII-GalT, the amount of
non-fucosylated oligosaccharide structures increases. A high percentage of non-
fucosylated structures consist in high mannose structures (m/z 1256, 1419 and
1581). To this 67% of non fucosylated sugars, an additional 30% of hybrid, non-
fucosylated structures were found (m/z 1622). Therefore, the sample produced in
the presence of the fusion protein ManIl-GalT shows almost 100% of non-
fucosylated structures.

Biological activity of antibodies produced in the presence of a-Mannsosidase
I or fusion protein ManII-GalT

[0340] In order to determine the effect of the action of -Mannosidage II and
Manl-GalT enzyme in the competition of the core-fucosyliransferase, 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}.

12G binding on CHO-1708-37

[0341] The cell line CHO-1708-37 expressed on its surface the FcyRITA
receptor (CD16) and the v chain of the FcyRI receptor. The expression of the
FcyRIIA receptor (CD16) was assessed by FACS analysis using the 3G8-FITC
monoclonal entibody (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
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isothiocyanate-cogjugated F(ab’), goat anti-human IgG  (Jackson
ImmunoReasearch, West Grove, PA) for 30 min at 4°C. The fluorescence
intensity referring to the bound aatibody variants was determined on a
FACSCalibur (BD Bioscience, San Jose, CA) gating living cells.

The following antibody variants were included in the binding assay experiment:

Cwit8 (wild type 1)
Manll (c-Mannosidase II)

[0342) The antibody produced in the presence of o-Mannosidase 1T (Manll)
binds to the FeyRIIIA receptor with higher affinity than the wild type antibodies..

In vitro Antibody-Dependent Cellular Cytotoxicity (ADCC)

[0343] Peripheral blood tnononuclear cells (PBMC) were prepared using
Histopagque-1077 (Sigma Diagnostics Inc., St. Louis, MO63178 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 diluted 1:0.75-1.3 with PBS not containing Ca or Mg and
layered on Histopaque-1077. The gradient was centrifuged at 400g for 30 min at
room temperature (RT) without breaks. The interphase containing the PBMC was
collected and washed with PBS (50ml per cells from two gradients) and harvested
by centrifugation at 300g for 10 min at RT. After resuspension of the pellet with
PBS the PBMC were counted and washed a second time by centrifugation at
200g for 10 min at RT. The cells were then resuspended in the appropriate
medium for the subsequent procedures.

[0344] The Raji target cells were washed in PBS, counted and resuspended in
DMEM, 10% FCS,1% Glutamax at 1 Mio_per ml. To these, 1:100 calcein was
added and cells were incubated for 30 min at 37°C. Cells were then washed in
PBS, counted and resuspended in AIM-V at 0.3 Mio per ml. Of this cell
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suspension, 100 pl were added per well of a round bottom 9§ well plate.
Antibodies were diluted in AIM-V, added in 50 ul to the preplated target cells
and allowed to bind to the targets for 10 min 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 Mio per ml in AIM-V medium and 50 pl were added
per well. The plate was incubated for 4 hours at 37°C in a humified atmosphere
contaming 5% CO,. Cells were washed twice in PBS and 200 pl of borate
solution were added. Killing oftarpet cells was assessed by measuring the calcein
released in the medium after lysis with the borate solution (FIG 37).

[0345] Sponaneous 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% Tnton X-100. Percentage of specific
antibody-mediated killing was calculated as follows: ((x — SR)/(MR — SR)*100,
where x 1s the mean of Vmax at a specific anttbody concentration, SR is the mean,
of Vinax of the spontaneous release and MR is the mean of Vmax ofthe maximal

1elease.

EXAMPLE 7
Use of Glycoengineered Anti-BGFR Monoclonal Antibody to Treat
Psariasis

[0346] Human patients with psoriasis can be treated with a glycoengineered anti-
EGFR monoclonal antibody produced according to themethods 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 weelkly basis until complete response is achieved.
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EXAMPLE 8

Use of Glycoengineered Anti-FrbB2 Monoclonal Antibody in the Treatment
of Metastatic Prostate Cancer, Metastatic Breast Cancer, Metastatic Colorectal
Cancer, and Stage IITb or IV Non-Small Cell Lung Cancer.

[0347) RhuMADb2ZC4 is a full-length, humanized monoclonal antibody (produced
in CHO cells) directed against ErbB2. RhuMab 2C4 blocks the associated of
ErbB2 with other ErbB family members thereby inhibiting intracelular signaling
through the ErbB pathway. RhuMADb 2C4 not only inhibits the growth of ErtbB2
overexpressing tumors but also blocks growth of tumors that require ErbB ligand-
dependent signaling,

[0348) A glycoengineered form of RhuMAb 2C4 made by the methods of the
present mvention can be used as a single agent for treatment of hormone-
refractory (androgen independent) prostate cancer patients, metastatic breast
cancer patients, metastatic colorectal cancer patients and patients with stage ITlb
or IV non-small cell lung cancer. Specifically, the glycoengineered RhuMAb
2C4 18 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] Tt 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.

f0350] 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.
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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 proteiri that includes a region equivalent to the Fc
region of an immunoglobulin.

2. A mammalian host cell engineered to express at least one nucleic acid encoding a
fusion glycosyltransferase having B(1,4)-galactosyltransferase activity and the Golgi localization
domain of 2 Golgi resident glycosyltransferase selected from the group consisting of:
mannosidase [, mannosidase II, [(1,2)-N-acetylglucosaminyltransferase 1, JB(1,2)-N-
acetylglucosaminyltransferase 11, and «l-6 core fucosyltransferase, in an amount sufficient to
modify the oligosaccharides in the Fe region of a polypeptide produced by said host cell, wherein
said polypeptide is selected from the group consisting of a whole antibody molecule, an antibody
{ragment, and a fusion protein that includes a region equivalent to the Fc region of an
immunoglobulin.

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

4. The host cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell is IgG1 or a fragment thereof.

5. The host cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell is a fusion protein that includes a region equivalent to the Fc region of a2 human IgG.

6. The host cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell exhibits increased Fc receptor binding affinity as a result of said modification,

7. The host cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell exhibits increased effector function as a result of said modification.

8. A host cell according to claim 1, wherein said fusion glycosyltransferase
comprises the catalytic domain of B(1,4)-N-acetylglucosaminyltransferase IIL

9. A host cell according to claim 8, wherein said Golgi localization domain is from a
heterologous Golgi resident polypeptide.

10. A host cell according to claim 2, wherein said fusion glycosyltransferase
comprises the catalytic domain of 3(1,4)-galactosyltransferase.

11. A host cell according to claim 10, wherein said Golgi localization domain is from
a heterologous Golgi resident glycosyltransferase.
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25. A host cell according to claim 6, wherein said Fc receptor is Fey activating
receptor.

26, A host cell according to claim 6, wherein said Fc receptor is FcyRIIIA receptor.

27. A host cell according to claim 1 or claim 2, wherein said host cell is a CHO cell, a
BHK cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a P3X63 mouse myeloma cell, a PER
cell, a PER.C6 cell or a hybridoma cell.
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28.  The Dbost cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell is an anti-CD20 antibody.

29, The host cell of claim 28, wherein said anti-CD20 antibody is IDEC-C2B8.

30.  The host cell of claim | or claim 2, wherein said polypeptide produced by said
host cell is the chimeric anti-human renal cell carcinoma monoclonal antibody ¢chG250.

31.  The host cell of claim | or claim 2, further comprising at least one transfected
nucleic acid encoding an anfibody molecule, an antibody fragment, or a fusion protein that
includes a region equivalent to the Fc region of an immunoglobulin.

32. The host cell of claim | or ¢laim 2, wherein said at least one nucleic acid
encoding a fiusion glycosyltransferase is operably linked to a constitutive promoter element.

33. The host cell of claim 31, wherein said at least one transfected nucleic acid
encodes an anti-CD20 antibody, the chimeric anti-human neuroblastoma monoclonal antibody
chCE?7, 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
BEGFR 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-
human CD33 antibody, an anti-human CD38 antibody, an anti-human CD40 antibody, an anti-
human CD45 antibody, an anti-human CD52 antibody, an anti-human CD138 antibody, an anti-
human HLA-DR variant antibody, an anti-human EpCAM antibody, an anti-human CEA
antibody, an anti-hnman MUC] antibody, an anti~human MUCI core protein antibody, an anti-
human aberrantly glycosylated MUC] antibody, an antibody against human fibronectin variants
containing the ED-B domain, or an anti-human HER2/neu antibody,

34. A method for producing a polypeptide in a mammalian host cell, comprising;

a. culturing a mammalian host cell engineered to express at least one nucleic acid
encoding a fusion glycosyltransferase having B(1,4)-N-acetylglucosaminyltransferase I activity
and the Golgi localization domain of a Golgi resident glycosyltransferase other than the Golgi
resident glycosyliransferase that provides the activity of said fusion glycosyltransferase, under
conditions which permit the production of a polypeptide selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that includes a region
equivalent to the Fc region of an immunoglobulin, wherein said fusion glycosyltransferase 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.

35. A method for producing a polypeptide in a mammalian host cell, comprising:



859095 Gy Ala Gy Ser Hs lieu Leu Pro Ser Gn Leu Ser Lei Bar Val Asp

100105320 -15- Thr Ala Asp Cys Leu Pbe Ala Ser Gn Ser Gy Ser H's Asn Ser

Asp
Asp
du
Ann
Thr

130135140 dy dy Val
145150155160 Tip Asp Thr u Pro LE2-G n Val he Val Val Pro H s Ser
165170175 Asp Pro Ay Trp Leu Lys Thr Phe Asn Asp Tyr Phe Arg Asp Lys
180185190

a. culturing a mammalian host cell engineered to express at least one nucleic acid
encoding a fusion glycosyltransferase having B(1,4)-galactosyltransferase activity and the Golgi

localization domain of a Golgi resident glycosyltransferase selected from the group consisting of:__

mannosidase I, mannosidase II, B(1,2)-N-acetylglucosaminyltransferase I, p(1,2)-N-
acetylglucosaminyltransferase 1I, and al-6 core fucosyltransferase, under conditions which
permit the production of a polypeptide selected from the group consisting of a whole antibody
molecule, an antibody fragment, and a fusion protein that includes a region equivalent to the Fc
region of an immunoglobulin, wherein said fusion glycosyltransferase 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.

36. A method according to claim 34, wherein said fusion glycosyltransferase
comprises the catalytic domain of B(1,4)-N-acetylglucosaminyltransferase II,

37. A method according to claim 36, wherein said Golgl localization domain is from a
heterologous Golgi resident polypeptide.

38. A method according to claim 35, wherein said fusion glycosyltransferase
comprises the catalytic domain of B(l,4)-galactosyltransferase.

39. A method according to claim 38, wherein said Golgi localization domain is from a
heterologous Golgi resident polypeptide.

40. A method according to claim 36, wherein said Golgi localization domain is the
localization domain of mannosidase I1, ‘

41. A method according to claim 36, wherein said Golgi localization domain is the
localization domain of f§(1,2)-N-acetylglucosaminyltransferase I.

42, A method according to claim 36, wherein said Golgi localization domain is the
localization domain of mannosidase 1.

43. A method according to claim 36, wherein said Golgi localization domain is the
localization domain of §(1,2)-N-acetylglucosaminyliransferase 1.

44. A method according to claim 36, wherein said Golgi localization domain is the
localization domain of al1-6 core fucosyliransferase.

45. A method according to claim 34 or claim 35, wherein said polypeptide has
mncreased effector function as a result of said modification.

46. A method according to claim 45, wherein said increased effector function is
increased Fc-mediated cellular cytotoxicity.

47. A method according to claim 45, wherein said increased effector function is
increased binding to NK cells.
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49, A method according to claim 45, wherein said increased effector function is
increased binding to monocytes.

50. A method according to claim 45, wherein said increased effector function is
increased binding to polymorphonuclear cells.

51. A method according to claim 45, wherein said increased effector function is direct
signaling inducing apoptosis.

52. A method according to claiin 45, wherein said increased effector function is
increased dendritic cell maturation.

53. A method according to claim 45, wherein said increased effector function is
increased T cell priming.

54. A method according to claim 34 or claim 35, wherein said polypeptide produced
by said host cell exhibits increased Fc receptor binding affinity as a result of said modification.

55. A method according to claim 54, wherein sald Fc receptor is Fc activating
receptor.

56. A method according to claim 54, wherein said Fc receptor is FeyRIILA receptor.

57. A method according to claim 34 or claim 35, wherein said polypeptide produced
by said host cell has an increased proportion of bisected oligosaccharides in the Fc region of said

polypeptide.

58. A method according to claim 34 or claim 35, wherein said polypeptide produced
by said host cell has an increased proportion of nonfucosylated oligosaccharides in the Fc region
of said polypeptide.

59. A method according to claim 58, wherein said nonfucosylated oligosaccharides
are hybrid.

60. A method according to claim 58, wherein said nonfucosylated oligosaccharides
arc complex.

61. A method according to claim 34 or claim 35, wherein said polypeptide produced
by said host cell has an increased proportion of bisected, nonfiicosylated oligosaccharides in the
Fc region of said polypeptide.

62. A method according to claim 61, wherein said bisected, nonfucosylated
oligosaccharides are hybrid.
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63. A method according to claim 61, wherein said bisected, nonfucosylated
oliosaccharides are complex.

" 64. A method according to claim 61, wherein at least 20% of the oligosaccharides in
the Fc region of said polypeptide are bisected, nonfucosylated.

65. A method according to claim 61, wherein at least 25% of the oligosaccharides in
the Fc region of said polypeptide are bisected, nonfucosylated,

66, A method according to claim 61, wherein at least 30% of the oligosaccharides in
the Fc region of said polypeptide are bisected, nonfucosylated.

67. A method according to claim 61, wherein at least 35% of the oligosaccharides in
the Fc region of said polypeptide are bisected, nonfucosylated.
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Il e 530535540 Asn Lys Phe Leu Ser Ser Ser Let Tyr Thr Ala Leu Thr Au Al a
Arg SEQUENCE LISTING

<110» GlycAxrt Biotechnoclogy AG
Umana, Pablo -
Bruenker, Petexr
Ferrara, Claudila
Suter, Tobilas

<120> Fusion Constructs and Use of Same to Produce Antibodles with
Increased Fc Receptor Binding Affinity and Effector Function

<130> 1975.018PC04

<150> US 680/441,307
<151> 20Q3-41-22

<150> US 60/491,254
<1l51> 2003-07-31

<150> US 60/495,142
<151> 2003-08-15

<160> 20
<170> PatentIn version 3.2

<210> 1
<211l> 11
<212» PRT

. <213> Unknown

<220>
<223> c-myc epiteope tag

<400> 1

Pro Glu Gln Lys Leu Ile Sexr Glu Glu Asp Leu
1 5 16

<210> 2

<211> 45

<212> DNA

«213> Artificial Seguence

<220»
<223> GAB-177 PCR primer

<400> 2
gogtgtgect gtgaccceecg cgeccetget ccagocactg tecceo 45

<210> 3

<211> 26

<212> DNA

<213» BArtificial Sequence

<220>
<223> GAB-178 PCR primer

<400> 3
gaaggtttct ccagcatect ggtacc 2€



545550555560 My Asn Leu Gy Leu Phe Gn Hs Hs Asp Ala lle Thr Gy Thr Al a
565570575 Lys Asp Trp Val Val Val Asp Tyr Ay Thr Arg Leu Pile H's Ser Leu
580585590 -17- Lys Asp Lys Lieu Thr Tyr Asp Ser Tyr Set Pro Asp Thr Phe
Leu Gu 610615620 Met Asp Lieu Lys G n Lys Ser Gn Asp Ser Lieu Pro Gn Lys
Asn Il e 625630635640 Ile Arg Leu Ser Ala Qu Pro Arg Tyr Lieu Val Val Tyr
Asn Pro |ieu 645650655 G n G n Asp 2ﬁrg Ile Ser Leu Val Ser Val Tyr Val Ser
Ser Pro Thr 660665670 -

<210> 4

<211> 43

<212> DWA

<213> Artificial Sequence

<220>
<223> GAB-179 PCR primer

<400> 4
ctgaggcgeg cogeocaccat getgaagaag cagtctgcag gge 43

<210> 5

<211> 48

<212> DNA

«213>» Artificial Segquence

<220>
<223> GAB-180 PCR primerxr

<400> §
ggggacagtg gctggageag gggcgegggg gtcacaggea cacgogge 48

<210> 6

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> ‘GAB-252 PCR primer

<400> €
gctaggccgg ccgeocaccat gaagttaage cgccagttceca ccgtgttogy 50

<210> 7

«211> &5

<212> DNA

<213> Artificial Seguence

<220
<223, GAB-253 PCR primer

<400> 7
ggggacagty gotggagcag gggtgageca gecaccttgyge tgaaattgcet ttgtgaactt 60

ttcgg 65

<2146> 8

<211> 66

<212> DNA

«213> Artificial Secquence

<220>
<223> GAB-254 PCR primer

<400> 8
tccgaaaagt teacaaagea atttcagoca aggtgeotgge teacccetge tocagecact 60



Val G n Val Phe Ser Ala Ser Ay Lys Pro Val Qu Val Gn Val Ser 675680685
Ala Val Trp Asp Thr Ala Asn Thr Ile Ser Au Thr Ala Tyr Qu Ile 690695700
Ser Phe Arg Ala His Ile Pro Pro Leu Ay Leu Lys Val Tyr Lys Ile

705710715720 Len d u Set
Tyr 725730735 Lys

Ie 740745750 Asn Thr

Ay 77075380 Lys
I'le

<210> @&
<211> 29
<212> DNA
<213>

<220>
<223>

<400> 35
atgccgcata ggectecgag

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

10
43
DNA

<«220>

<223>»

<400> 10

Asn Lys Val
GQu Gu Gy Ilg. Thr
Arg 755760765 Phe Asp G n Thr Ay Leu Met Lys G n Met Met Thr
Hs Hs du Val

Al a Ser

Artificial Sequence

GAB-255 PCR primer

caggaccee

Artificial Sequence

GAB-261 PCR primer

Ser ABM Ser
Gu Asp Ser Ay Ile Phe Thr

Asn Val

Leu A u

H's Leu Ala Asp Tyr Val

Asn Ser

Li eu
Ile Lys Asn Met
Phe Val Lieu lieu
Lys A u Asp

G n Phe Sex Trp Tyr €@y Thr Thr

gctaaatatt gaattccctt tatgtgtaac tcektggctga age

<210
<211>
<212
«213>

i1
48
DHA

<220

<223>

<400> 11

Artificial Sequence

GaB-~262 PCR primer

tagcaatatt gmattcgcag gaaaaggaca agcagcgaaa atbcacge

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

12
1715
DA

i <220
<223>

<400> 12

atgaagttaa gcecgccagtt
tcgetctace tgatgctgga
ggctecttce ctcagggcca
ttgctagetyg agaataatga
gagktctgtgg aggatggtcee
cceoctgctee ageccactgte

gtgttgcecgg aggacaccac

Artificial Sequence

caccgtgtte
ccggggteac
gctctcaatg
gatcatcteca
gaaaagttca
ccctagcaag

agagtatttt

Nucleotide pequence of GnTI-GnTIII

ggcagtgcga
ttagactacc
ttgcaagaaa
aatattagag
cazaagcaatt
gccaccgaag

gtgcgcacca

tctbetgtgt
coaggaacce
aaatagacca
actcagtcat
tcagccaagg
aactgecaccy

aagctggegg

ggtgatttte
gcgccgcgag
tttggagcgt
caatttgagt
tgctggctcea
gatggacttc

tgtgtgcttc

239

43

448

60

120

180

240

300

360

420



785790795B00O Lys Arg Asp Lys Ser (fly Ala Tyr Leu Pile Leu Pro Asp Ay Asn
Al a 805810815 Lys Pro Tyr Val Tyr Thr Thr Pro Pro Phe Val Arg Val Thr H's

Gy 820825830 -18- Val Arg Leu Tyr Hs Ile Gn Gy Ile Gn Ay Gn Ser Val
A u Val 850855860 Ser Asti Ile Val Asp lie Arg Lys Val Tyr Asn Arg Gu lle

Ala Met 865870875880 Lys Ile Ser Ser Asp Ile Lys Set G n Asn Arg Phe Tyr
Thr Asp Leu 885890895 Asn Ay Tyr G lle Gn Pro Arg Met Thr Leu Ser Lys
Leu Pro Leu 900905910

aaaccaggta ccaggatgct ggagaaacct tctccaggge ggacagagga gaagaccaad 480

gtggctgagg ggtcctecggt ccggggtcoct geotcggagge ctabtgcggca tgtgttgagt 540

gcacgygage gcctyggagy ccggggcact aggegcaagt gggttgagty tgtgtgectg 600

ccaggctgge acgggcccag ctgeggggtg cccactgtgg tceagtatte caacctgecce 660

accaaggagc gecctggtace cagggaggtg ccgaggeggg ttatcaacge catcaacatc 720
" aaccatgagt tcgacctgct ggatgtgocge ttecatgage tgggegatgt tgtggacgec 780

tttgtggtct gcgaatccaa ttteaccgee tacggggage cteggecget caagttccga' B40O

gagatgctga ccaatggcac cttogagtac atccgccaca aggtgctcta cgtettectg 500

gaccacttcc cacctggtgg ccgtcaggac ggcktggattg cagacgacta cctgegtace 860

ttccteacce aggatggtgt cktceccgeckg cgcaacctge gacctgatga cgtetttate 1020

atcgacgaég cggacgagat ccctgegeogt gatggtgtge tgttccteaa gctctacgat 1080

ggctggacag agccctbcge ctteccatatg cgcaagtcce tgtatggttit cttttggaag 1140

caaccaggca cacggaggtg gtgtcaggct gcaccattga catgctgeag éctgtgtatg 1200

ggctdagacgg catccgectg cgecgeegte agtactacac catgecccaac tttegacagt 1260

atgagaaccg caccggecac atcctagtgc agtggtctct cggcagccece ctgecactteg 1320

cgggctggca ctgctectgg tgetteacac ccgagggeat ctacttcaaa ctegtgtegg 1380

cccagaatgg tgacttcecec cgetggggtg actacgagga caagagggac ctcaattaca 1440

tccgaagett gattcgecact gggggatggt tcgacggeac geagcaggag tacectcctg 1500

cagaccccag tgaacacatg tatgctccta agtacctgect caagaactat gaccagttce 1560

gctacttget cgaaaatcce taccgggage ccaagagcac tgtagagggt gggcgccgga 1620

accagggctc agacggaagg tcatctgekg tcaggggecaa gttggataca acggagggcec 1680

cggaacagaa actgatctct gaagaggacc tgtag 1715

\

<210> 13

«<211> 571

«<212> PRT

<213> Artificlal Sequence

<220>

<223> BAmino aclid segquence of GnTI-GnTIII

<400> 13

Met Lys Leu Ser Arg Gln Phe Thr Val Phe Gly Ser Ala Ile Phe Cys

1 5 10 15

Val val Ile Phe Ser Lau Tyr Leu Met Leu Asp Arg Gly His Léu Asp

20 25 30



Gn Ala Asn Val Tyr Pro Met Thr Thr Met Ala Tyr Ile G n Asp Ala 915920925
Lye His Arg Leu Thr Leu Leu Ser Ala G n Ser Leu Ay Val Ser Ser 930935940
Leu Asn Ser Ay Gnlle Au Val Ile Met Asp Arg Arg Leu Met G n
945950955960 Asp Asp Asn Arg Ay Leu Gu Gn Ay Ile Gn Asp Asn Lys Ille
Thr 965970975 Ala Asn Leu Phe Arg Ile Leu Leu Qu Lys Arg Ser Ala Val M
Thr 980985990 Qu G u Gu Lys Lys Se_i: Val Sex Tyr Pro Sex leu Lou Ser H's
Il e 99510001005 Thr Ser Ser Leu Met Ann His Pro Val Ile Pro Met Ala Asn Lys

1010101%P32QRhg herrotirgPd dhY elyeHeChrkle beY cfd B1{3aYn @eit Phe Ser Pro Leu
35 40 45

Ser Met Leu Gln Glu Lys Ile Asp His Tieu Glu Arg Leu Leu Ala Glu
50 55 60

Agn Agn Glu Ile Ile Ser Asn Ile Arg Asp Ser Val Ile Asn Leu Ser
65 70 75 80 -

Glu Ser Val Glu hsp Gly Pro Lys Ser Ser Gln Ser Asn Phe Ser Gln
BS - 90 1)

Gly Bla Gly Sexr Pro Leu Leu Gln Pro Leu Ser Pro Ser Lys Ala Thr
lod 105 110

Glu Glu Leu His Arg Val Asp Phe Val Leu Pro Glu Asp Thr Thr Glu
115 120 125

Tyr Phe Val Axg Thr Lys Ala Gly Gly val Cys Phe Lys Pro Oly Thr
130 135 140

Arg Met Leu Glu Lys Pro Ser Pro Gly Arg Thr Glu Glu Lys Thr Lys
148 150 155 160

Val Rla Glu Gly Ser Ser Val Arg Gly Pro Ala Arg Arg Pro Met Arg
165 170 175

His val Leu Sexr Ala Arg Glu Arg Leu @ly Gly Arg Gly Thr Arg Arg
180 185 190

Lys Trp Val Glu Cys Val Cys Leu Pro Gly Trp His Gly Pro Ser Cys
185 200 205

Gly Val Pro Thr Val Vval Gln Tyr Sexr Aen Leu Pro Thr Lys Glu Arg
210 215 220

Teu Val Pro Arg Glu Val Pro Arg Arg Val Ile Bsn Ala Ile Aon Ile
225 230 235 240

Asn His @Glu Phe Asp Leu Leu Asp Val Arg Phe His Glu Leu Gly Bep
245 250 255

Val Val Asp Ala Phe Val Val Cys Glu Ser Asn Phe Thr Ala Tyr Gly
260 265 270

Glu Pro Arg Pro Leu Lys Phe Arg Glu Met Leu Thr Asn Gly Thr Phe
275 280 285



102510301035 G n Ser

Set
104010451050 Ile G n Ser

107010751080 This Ay Leu Phe Cys Ser Thr

108510901095

A u 111511202. 125

Glu Tyr
2590

Pxo Gly
305

Phe Leu

Asp Val

Val Leu

Hig Met

370

Leu Glu
385

Gly Leun

Asn Phe

Ser Leu

Phe Thr

450

Asp Phe

465

Ile Arg

Glu Tyr

Leu Leu

Arg Glu

-19- Lys Leu Lett Asn Lys Phe Ile Val

Ile Arg His

Gly Arg Gln

Thr

Phe

Phe

355

Arg

Val

Asp

Arg

cly

435

Pro

¥ro

Ser

Pro

Lys

515

Pro

Gln

Ile

340

Leu

Lys

Val

Gly

Gln

420

Ser

Glu

Axrg

Leu

Pro

500

Asn

Lys

Asp
325

Ile

Lys

Ser

Ser

Ile
405

Tyr

Pro

Gly

Trp

Ile

485

Ala

Ser

Lys

Asp

310

Gly

Asp

Leu

Leu

Gly

350

Arg

Glu

Leu

Ile

Gly

470

Aep

Asp

Thr

val
255

Gly

val

Asp

Tyr

375

Cys

Leu

Asn

His

Tyr

455

Asp

Thy

Pro

Gln

val

Leu

Txp

Ser

Ala

Asp

360

Gly

Thr

Arg

Arg

Phe

440

Phe

Gly

Ser

Phe

520

Glu

Tyr Val Phe

Ile

Arg

Asp

345

Gly

Phe

Ile

Arg

Thr

425

Ala

Lys

Glu

Gly

Glu

505

Arg

Gly

Ala
Lieu

330

Glu

Tzp

Phe

Asp

Arg

410

Gly

Gly

Leu

Asp

Txp
490

Gly

Asp

315

hrg

Ile

Thr

Trp

Met

385

Gln

His

Txp

val

Lys

4175

Phe

Met

Leu

Arg

lieu Pro Cys Asp Ile H's Lou Val
Lys Val

Asn Lou Arg Thr
Gy Asn Ay H's Ser ABU Gu Ala Ala Len
105510601065 Ile Lou H's Arg Lys Ay Phe Asp Cys Arg ?ho Ser Set Lys Ay

liar Gn (fly Lys Ile Leu val Gn
Gu Ser Lau Thr
Ser 110011051110 Leu Ser lieu Met Hi g Set Pro Pro Gy Thr Gn Asn Ile Ser

Leu
300

Asp

Asn

Pro

Glu

Lys

380

Leu

Ile

His

Ser

460

Arg

Tyr

Leu

Arg

Asp

Tyz

Leu

Ala

Pra

365

Gln

Gln

Leu

Cys

445

Ala

Asp

aly

Ala

Glu

525

Asn

Leu

Ardg

Arg

359

Phe

Pro

Ala

Thr

val

430

Ser

Gln

Leu

Thr

Pro

510

Asn

Gln

Phe

Arg

Pro

335

Asp

Ala

Gly

Val

Met

415

Gln

Tzp

Ran

Asn

Gln

495

Lys

Pro

Gly

Pro

Thr

320

AsSp

Gly

Phe

Thr

400

Pro

Trp

Cys

Gly

Tyr

480

Gln

Tyr

Ser

Pro Ser



Ile Asn Len Set Pro Met Qu Ile Set Thr Phe Arg Ile G n Lela 113011351140
Arg <210> 19 <211> 1116 <212> DNA <213> Artificial Sequence <220> <223>
Nucl eoti de sequence of Manll-Gl T <400> 19 atgaagttaa gccgccagtt caccgtgttc
ggcagtgcga tcttctgtgt ggtgattttc60 tcgctctacc tgatgctgga ccggggtcac

ttagact acC ccaggaaccc gcgccgcgagl20 ggctccttcc ctcagggcca gctctcaatg
ttgcaagaaa aaatagacca tttggagcgt 1804 tgctagctg agaataatga gatcatctca

aat att agag actcagtcat caatttgagt240 gagtctgtgg aggat ggtcc gaaaagttca
caaagcaatt stcagccaagg tgctsggct ca300 540

Asp Gly Arg Ser Ser Ala Val Axg Gly Lys Leu Asp Thr Thr Glu Gly

S45 550 Ssh 560
Fro Glu Gln Lys Leu Ile Ser @lu Glu Asp Leu

565 S70
<210> 14
<211l> 1722
<212> DNA
<213> Artificial Seguence
<220>
<223> HNucleotide sequence of ManII-GnTIII
<400> 14
atgctgaaga agcagtctge agggcttgtyg ctgtggggeg ctatcctett tgtggoctgg 640
aaktgccctge tgetcctett cttetggacg cgcccagcac ctggcaggee acccteagtc 120
agcgetcteg atggcgacce cgccageecte accegggaag tgattegeet ggeccaagac 180
gecegaggtgg agectggageg geagegtggg ctgectgeage agategggga tgcectgteg 240
agecageggg ggagggtgcc caccgeggec cetccegecec agecgegtgt gcctgtgacc 300
ccegegecee tgctecagce actgteocect ageaaguccea cecgaagaact goaccgggtg 360
gacttcgtgt tgccggagga caccacagag tattttgtge geaccaaage tggeggtgtg 420
tgcttecaaac caggtaccag gatgctggag aaaccttctc cagggeggac agaggagaag 480
accaaggtgg ctgaggggte ctecggtecgg ggtectgete ggaggectat geggeatgtg sS40
ttgagtgcac gggagecgcet gggaggccgg ggcactagge gcaagtgggt tgagtgtgtyg 600
tgecctgeeag getggcacgg geccagetge ggagtgecca ckgtggteca gtattccaac 660
ctgcecacca aggagegect ggtacccagyg gaggtgecga ggcgggttat caacgecate 720
aacatcaacc aktgagttecga cctgctggat gtgcgcttec atgagctggg cgaktgttgtg 780
gacgectttyg tggtctgega atccaattte acegectacyg gggagecteg geegetcaag 840
ttccgagaga tgectgaccaa tggcaccttc gagtacatec gecacaaggt gectctacgte 200
ttectggace acttcccace tggtggecgt caggacgget ggattgcaga cgactacctyg 350
cgtaccttcc tcacccagga tggtgtctcec cgectgegea acctgegace tgatgacgte 1020
tttatcatcg acgacgegga cgagatcect gegegtgatg gtgtgetgtt cctcaagete 1080
tacgatggct ggacagagec cttegectte catatgegea agtecctgta tggtttettt 11490
tggaagcaac caggcacact ggaggtggtg tcaggetgca ccattgacat gectgeagget 1200
gtgtatggge tggacggeat cecgectgege cgoegteagt actacaccat geccaacttt 1260



cccgcctgec ctgaggagtc cccgetgett gtgggecccca tgectgattga gtttaacat g360
cct gt ggacc tggagctcgt ggcaaagcag aacccaaat g tgaagat ggg cggccgct at 420
gcccccaggg actgegtctc tcctcacaag gtggeccatca tcattccatt ccgcaaccgg480
caggagcacc tcaagtactg gctatattat ttgcacccag tcctgcagcg ccagcagct g540
gactatggca tctatgttat caaccaggcg ggagacacta tattcaatcg tgctaagctc600
ctcaatgttg gctttcaaga agccttgaag gagtatgact acacctgcett tgtgtttagt660
gacgt ggacc tcattccaat gaatgaccat aatgcgtaca ggtgtttttc acagccacgg720
cacat t te@gtdrgCanbggoad an@tidaggathdtzagfCiactaidacaddceactgt atibtd gga780
ggtgtctctg ctctaagtaa acaacagttt ctaaccatca atggatttcc taataattat840

t ggggc FHFGCHIg FEGIIFAX @'%ﬂcéﬁgaf tttFétctaa%F@awcactagﬂ rrEtasrtEggdatyt ct 900

at at ct 6066, 6AAAC! O 500 C00080 % oL O 6a6 AL a0 dCCHGEARE Co1RA0agRAF 222960
aaaaat gaac ccaatcctca gaggtttgac cgaattgcac acacaaagga gacaatgctc 1020
t ct gat g@fitecd ya ambect vate bk eGoA PIgtagct goatageacacmgedperatagccastgt at 1080
-20-

ccteoctgcag acccecagkga acacatgtat gctectaagt acctgctcaa gaactatgac 1860
cagtbecget acttgetcga aaatccctac cgggageccca agagcactgt agagggtggg 1620
cgccyggaace agggctcaga cggaaggtea tcectgetgtea ggggcaagtt ggatacaacy 1680
gagggcccgg aacagaaact gatctctgaa gaggacctgt ag 1722
<210> 15 !
<211> 573

<212> PRT

<213> Artificial Sequence

<220>
<223> BAmino acld sequence of ManII-GnTIII fusion

<400> 15
Met Leu Lys Lys Gln Ser Ala Gly Leu Val Leu Trp Gly Ala Ile Leu
1 5 i0 is5

Phe Val Ala Trp Asn Ala Leu Leu heu Leu Phe Phe Trp Thr Arg Pro
20 25 20

Ala Pro Gly Arg Pro Pro Ser Val Ser Ala Leu Agp Gly Asp Pro Ala
i5 40 45

Ser Leu Thr Arg Glu Val Ile Arg Leu Ala Gla Asp Ala Glu Val Glu
50 58S €0

Len Glu Arg Gln Arg Gly Leu Leu Gln Gln Ile Gly Asp Ala Leu Sexr
70 75 80

Ser Gln Arg Gly Arg Val Pro Thr Ala Ala Pro Pro Ala Glon Pro Arg
as S0 =13

val Pro Val Thr Pro Ala Pro Leun Leu Glp Pro Leu Ser Pro Ser Lys
100 105 119

Ala Thr Glu Glu Leu His Arg Val Asp Phe Val Leu Pro Glu Asp Thr
1is 120 128

Thr Glu Tyr Phe Val Arg Thr Lys Ala Gly Gly Val Cys Phe Lya Pro
130 135 140



acccaaat ca cagtggacat egggacaccg agctaglll6 <210> 20 <211> 371 <212> PRT
<213> Artificial Sequence <220> <223> Am no acid sequence of Manll-Gl T
<400> 20 Met bys Leu Sex Arg G n Phe Thr Val Phe Ay Ser Ala |l e Phe Cys
151015 Vval Val I1le Phe Ser Lou Tyr lieu Met Leu Asp Arg Gy His Leu Asp
202530 Tyr Pro Ars Asn Pro Arg Arg GQu Gy Ser Phe Pro Gn Ay Gn Leu
354045 Ser Met Leu Gn Qu Lys Ile Agp His Leu Qu Axg Leu Leu Ala G u
505560 Asn Asn Qu lle Ile Ser Asn Ile Arg Asp Ser Val Ile Asn Leu Ser

6570758051y Thr Arg Met Leu Glu Lys Pro Sexr Pro Gly Arg Thr Glu Glu Lys
145 150 155 160

Thr Lys Val Ala Glu Gly Ser Ber Val Arg Gly Pro Ala Arg Arg Pro
165 170 178

Met Arg His Val Leu Ser Ala Arg Glu Arg Leu Gly Gly Arg Gly Thr
180 185 190

Arg Arg Lys Trp Val Glu Cys Val Cys Leu Pro Gly Trp His Gly Pro
195 200 205

Ser Cya Gly Val Pro Thr Val Val @ln Tyr Ser Asn Leu Pro Thr Lys
210 215 220

Glu Arg Leu Val Pro Arg Glu Val Pro Arg Rrg Val Ile hsn Ala Ile
225 230 235 240

Asn Ile Asn His Glu Phe Asp Leun Leu Asp Val Arg Phe His Glu Leun
245 250 255

Gly Asp Val Val Asp Ala Phe Val Val Cys Glu Ser Asn Phe Thr Ala
26Q 265 270

Tyr Gly Glu Pro Arg Pro Leu Lys Phe Arg Glu Met Leu Thr Asn Gly
275 280 285

Thr Phe Glu Tyr Ile Arg His Iiys Val Leu Tyr Val pPhe Leu Asp His
290 295 300

Phe Pro Pro Gly Gly Arg Gln Asp Gly Trp Ile Ala Asp Asp Tyxr Leu
305 310 3is 320

{ Arg Thr Phe Len Thr Gln Asp Gly Val Ser Arg Leu Arg Asn Leu Arg
325 330 338

Pro Asp Asp Val Phe Ile Ile Asp Asp ARla Asp Glu Ile Pro Ala Axg
340 345 350

Agp Gly Val Leu Phe Leu Lys Leu Tyxr Asp Gly Trp Thr Glu Pro Phe
355 360 365

Ala Phe His Met Arg Lys Ser Leu Tyr Gly Phe Phe Trp Lys Gla Pro
370 375 380

Gly Thr Leu Glu Val Val Ser Gly Cys Thr Ile Asp Met Leu Gln Ala
385 390 39% 400



Gu Ser Val Au Asp Ay Pro Lys Ser Ser G n Ser Asn Phe Ser G n 859095 Ay
Ala Gy Ser Pro Ala Cys Pro Qu Qu Ser Pro Leu Leu Val @y 100105110 Pro
Met Leu Ile Gu Phe Mh Met Pro Val Asp Leu Qu Leu Val Ala 115120125 Lys
Gn An Pro Asn Val Lys Met Ay Gy Arg Tyr Ala Pro Arg Asp 130135140 eys
Val Set Pro Hs Lys Val Ala lle Ile Ile Pro Phe Arg Asn Arg 145150155160
Gn @u Hs Leu Lys Tyr Trp lieu TyfgTyr Leu as Pro Val Leu G n 165170175
Arg Gn Gn Leu Asp Tyr Ay Ile Tyr Val Ile Asn Gn Ala Ay Asp 180185190

Thr Ile Phe Asn !'Fag Ala Lys Leu Leu Asn Val Ay Phe Gn Qu Al a
Val Tyr Gly Leu Agp Gly Ile ‘Arg Leu Arg Arg Arg Gln Tyr Tyxr Thr
405 410 415

Met Pro Asn Phe Arg Glun Tyr Glu Asn Arg Thr Gly His Ile Leu Val
420 425 . 430

Gln Trp Ser Leu Gly Ser Pro Leu His Phe Ala Gly Trp His Cys Ser
435 440 445

Trp Cys Phe Thr Pro Glu Gly Ile Tyr Phe Lys Leu Val Ser Ala Gln
450 455 460

Asn Gly Asp Phe Pro Arg Trp Gly Asp Tyr Glu Asp Lys Arg Asp Leu
465 470 475 4890

Asn Tyr Ile Arg Ser Leu Ile Arg Thr Gly Gly Trp Phe Asp Gly Thr
485 490 495

Gln Gln Glu 'Tyr Pro Pro Ala Asp Pro Ser Glu Eis Met Tyrx Ala Pro
500 505 510

Lye Tyr Leu Leu Lys Asn Tyr Asp Gln Phe Arg Tyr Leu Leu Glu Asn
515 520 525

Pro Tyr Arg Glu Pro Lys Ser Thr Val Glu Gly Gly Arg Arg Asn Gln
530 535 540

Gly Ser Asp Gly Arg Ser Ser Ala Val Arg Gly Lys Leu Asp Thr Thr
545 550 555 560

Glu Gly Pro Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
565 570

<210> 16
<211l> 398
<212> PRT
<213> Unknown

<220>
«223> GalT amino acld sequence from pBlueGalT

<400> 16
Met Arg Leu Arg Glu Pro Leu Leu Ser Gly Ser Ala Ala Met Pro Gly
1 5 10 15

Ala Ser Leu @ln Arg Ala Cys Arg Leun Deu Val Ala Val Cys Ala Leu
20 25 30



-21-, 195 200205 Len Lys Asp Tyr Asp Tyr Thr Cys Phe Val Phe Ser Asp Val
Anmp Leu 210215 220 Ile Pro Met- Asn Asp His Asia Ala Tyr Mg Cys The Ser G n
Pro Arg 225230235240 His Ile Ser Val Ala Met Asp Lys Phe Ay Phe Ser Leu
Pro Tyr Val 245250255 G n Tyr Phe Ay Ay Val Ser Ala Leu Ser Lys Gn Gn
Phe Leu Thr 260265270 Ile Asn Gy Phe Pro vh Mh Tyr Trp Ay Trp Ay Ay Gu
Asp Anp 275280285 Asp Ile Phe Asn Argjleu Val Phe Arg Ay Met Set Ile Ser
Arg pro 290295300

His Leu Gly Val Thr Leu Val Tyr Tyr Leu Ala Gly Arg Asp Leu Ser
s 40 45

Arg Leu Pro Gln Leu Val Gly Val Ser Thr Pro Leu Gln Gly Gly Ser
50 55 60

Asn Ser Ala Ala Ala Ile Gly Gln Ser Ser Gly Glu Leu Arg Thr Gly
65 70 75 80

Gly Ala Arg Pro Pro Pro Pro Leu €Gly Ala Ser Ser Gln Pro Arg Pro
BS S0 95 .

Gly Gly Asp Ser Ser Pro Val Val Asp Ser Gly Pro Gly Pro Ala Ser
100 105 110

Asn Leu Thr Ser Val Pro Val Pro His Thr Thr Ala Leu Ser Leu Pro
| 115 120 125

Ala Cys Pro Glu Glu Ser Pro Leu Leu Val Gly Pro Met Leu Ile Glu
130 135 140

Phe Asu Met Pro Val Asp Leu Glu Leu Val Ala Lys Gln Asn Pro Asn
145 150 155 160

Val Lys Met Gly Gly Arg Tyr Ala Pro Arg Asp Cys Val Ser Pro His
165 170 175

Lys Val Ala Ile Ile Ile Pro Phe Axg Asn Arg Gln Glu His Leu Lys
180 185 150

Tyr Trp Leu Tyr Tyr Leu His Pro Val Leu Gln Arg Gln Gln Leu Asp
195 200 205

} Tyr Gly Ile Tyr Val Ile Asn Gln Ala Gly ARsp Thr Ile Phe RAsn Arg
210 215 220

Ala Lﬁs Leu Leu Asn Val Gly Phe Gla Glu Ala Leu Lys Asp Tyr Asp
225 230 235 240

Tyr Thr Cys Phe Val Phe Ser Asp Val Asp Leu Ile Pro Met Asn Asp
245 250 255

Hip Asn Ala Tyr Arg Cys Phe Ser Gln Pro Arg His Ile Ser val Ala
260 265 270

Met Asp Lys Phe Gly Phe Ser Leu Pro Tyr Val Gln Tyr Phe Gly Gly
275 280 285



Asn Ala Val Val Gy Arg Cys Arg Met Ile Arg H s Bet Axg Asp Lys
305310315320 Lys Asia Gu Pro Ann Pro G n Arg Phe Asp Arg Ile Ala His Thr

Lys 325330335 G n Thr Met Leu Ser Asp Ay Leu Asn Ser Leu Thr Tyr G n Val
Len 340345350 Asp Val G n Axg Tyr Pro Leu Tyr Thr Gn Ile Thr Val Asp Ile
Gy 355360365 Thr Pro Ser 370
-12-
Val Ser dla Leu Ser Lys Gln Gln Phe Leu Thr Ile Asn Gly Phe Pro
290 295 300

Asn Asn Tyr Trp Gly Trp Gly Gly Glu Asp Asp Asp Ile Phe Asn Arg

308 310 315 320

Leu Val Phe Arg Gly Met Ser Ile Ser Arg Pro Asm Ala Val Val. Gly

325 330 335
Arg Cys Arg Met Ile Arg His Ser Arg Asp Lys Lys Asn Glu Pro Asn
340 345 350
Pro Gln Arg Phe Asp Arg Ile Ala His Thr Lys Glu Thr Met Leu Ser
355 360 365
Asp Gly Leu Asn Ser Leu Thr Tyr Glm Val Leu Asp Val Gln Arg Tyr
370 3175 380

Pro Leu Tyr Thr Gln Ile Thr val Asp Ile Gly Thx Pro Ser

388 350 395

<210> 17

<211> 3435

<212> DNa

<213> Homo saplens

<400> 17

atgaagttaa geccgccagtt caccgtgttc ggcagtgega tottcectgtgt ggtgatttte 60

tegectetace tgatgetgga ccggggtcac ttagactace ccaggaaccc gocgcegcgag 120

ggctcettee ctcagggeca getctcaatg ttgraagaaa aaatagacca tttggagegt igo

ttgctagctg agaataatga gatcatctca aatattagag actcagtcat caatttgagt 240

gagtctgtgy aggatggtec gaaaagttca caaagcaatt tcagccaagg tgcotggetea 300

catecttetyce cetecacaatt atceetctea gttgavactyg cagactgtet gttigettea 360

caaagtggaa gtcacaattc agatgtgcag atgttggatg tttacagtet aattteottet 420

gacaatccag atggtggagt ttggaagcaa ggatttgaca ttacttatga atctaatgaa 480

tgggacactg aaccecttca agtctttgtg gtgectecatt cccataacga cccaggttgg 540

ttgaagactt tcaatgacta ctttagagac aagactcagt atatttttaa taacatggte 600

ctaaagctga aagaagactc acggaggaag tttatttggt ctgagatcte ttacctttca 660

aagtgygtggg atattataga tattcagaag aaggatgetg ttaaaagttt aatagaaaat 720

ggtcagetty aaattgtgac aggtggctgyg gttatgectg atgaagectac tecacaktat 780

tttgecttaa ttgatcaact aattgaagga catcagtgge tggaaaataa tataggagtg 840



aaacctecggt
ctaaaccgty
cactttgcac
gtcacagata
ggacctgatc
ggttgtcecct
cggatgatac
gctcecactag
aattateagc
tttggaactt
aagggccoagt
gatcattact
atggaatectc
aaatacaaga
aggaatttgg
gttgtggatt
aattctgcat
accttcctagg
ataaggcetga
atctcgttgg
aaacctgt;g
gcctatgaga
ttggaatcag
gaagatagcg
gagaactcct
aaagaagatg
aaaagagaca
tacacaacac
ttttttgacc
tetgtggaag

aaaatttctt

ccggetggge
ctggactttc
tgcataaaac
ttttatgcca
ctaaaatatyg
ggggagtcece
tagatcagta
gagatgattt
agetttttga
tatcagattt
cgatgttcge
ggagtggcta
atttaagggc
taaataaatt
gactgtttca
atggtaccag
ttcttcttat
agatggattt
atgocggagec
tctcagtcta
aagttcaagt
tcteotttteg
caagttcaaa
gaattttcac
ttgttttact
gtaaacaceoa
aaagtggtgc
cgcecectttgt
atgttactca
tttccaatat

ctgatataaa

tattgatecc
tcacatgctt
attggagttt
catgatgeccc
ctgccagttt
cccagaaaca
ccgaaagaag
ccgctactgt
ttatatgaat
ttttgatgeg
tgtittaagt
ttttacatec
tgctgaaatt
tetckecatea
acatcatgat
actttttcat
tttgaaggac
gaaacaaaaa
aaggtacctt
tgtgagttcc
cagcgcagtt
agcacatata
ttcacaktta
cataaagaat
teggtttgat
tgaagtaaat
ctacctctte
cagagtgaca
tagagtcecga
tgtggacatc

aagccaaaat

-13.
tttggacact
atccagagag
ttttggagac
ttctacagct
gattttaaac
atacatecctg
tcaaagcttt
gaatacacgg
tctcagtcea
ctggataaag
ggagattttt
agaccetkkt
ctttactatt
tcacktttaca
gctatcacag
tegttaatgg
aaactcacat
tcacaagatt
gtggtctata
ccgacagtge
tgygatacag
cegecattgg
gctgattatg
atgataaata
caaactggac
gtgraatttt
ttacctgatg
catggaagga
ctataccaca
cgaaaagtat

agattttata

caccaacaat
ttcattatgc
agaattggga
atgacatccce
gtettcetgg
gaaatgtcca
ttcgtaccaa
aatgggattt
agtttaaagt
cagatgaaac
tcacttatgc
acaaacgaat
tcgcectgag
cggdactgac
gaactgcaaa
ttttggagaa
acgactctta
ctctgccaca
atcctttaga
aagtgttctc
caaatactat
gactgaaagt
tetigtataa
ctgaagaagg
ttatgaagca
catggtatgg
gtaatgcocaa
tttattcgga
tacagggaat
ataaccgtga

ctgacctaaa

ggcttatott
agttaaaaaa
tctgggatct
tcacacttgt
aggcagattt
gagcagggct
agttctectg
acagtttaag
taagatacag
tcagagagac
cgatcgagat
ggacagaatc
acaagctcac
agaagccaga
agactgggtg
gataattgga
ctctcctgat
aaaaaatata
acaagaccga
tgcttoagga
ttcagaaaca
gtataagakt
gaataaagta
tataacacta
aatgatgact
aaccacaatt
gcecttatgtt
agtgacttgc
agaaggacag
gattgcaatg

tgggtacecag

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
25B0
2640

2700



-14-

attcaaccta gaatgacact gagcaaattg cctettcaag
acaatggcct atatccdagga tgeccaaacat cgtttgacac
gggatttega gtttgaatag tggtcagatt gaagttatca
gatgataatc gtggecttga gcaaggtate caggataaca
cgaatactac tagaaaaaag aagtgctgktt aatacggaag
tatccttctc tecttagceca cataacttct tetctcatga
gcaaataagt tcttctcace tacccttgag ctgcaaggtg
tctttgcctt gtgacattca tctggttaat ttgagaacaa
gggcactcca atgaggcage cttgatectc cacagaaaag
agcaaaggca cagggcetgtt ttgttetact actcagggaa
ttaaacaagt ttattgtecga aagtctcaca ccttcecatcac
cccggcactc agaatataag tgagatcaac ttgagtccaa
atccagttga ggtga
<210> 18
<211> 1144
<212> PRT
<213> Homo sapiens
<400> 18
Met Lys Leuw Ser Arg Qln Phe Thr Val Phe Qly
1 5 10
Vval val Ile Phe Ser Leu Tyr Leu Met Leu Asp
20 25
Tyr Pro Arg hen Pro Arg Arg Glu Gly Ser Phe
35 40
Ser Met Leu Glo Glu Lys Ile Asp His Leu Glu
50 55
Arn Asn Glu Ile Ile Ser Asn Ile Arg Asp Ser
65 70 75
Glu Ser Val Glu Asp Qly Pro Lys Ser Ser Gln
gs S0
Gly Ala Gly Ser His Leu Leu Pro Ser Gln Leu
100 105

caaatgtcta
tgctetetge
tggatcgaag
agattacagc
aagaaaagaa
atcatccagt
aattctctec
tacagtcaaa
ggtttgattg
agatattggt
tatecttgat

tggaaatcag

Ser Ala

Gly
30

Gln
45

Pro

Arg Leu

Val Ile

Asn

Ser

Ser Leu

Ile

Hiam

Gly

Leu

AsSn

Phe

Ber
110

tcccatgacce
tcagtcttta
actcatgcaa
taatctatet
gtcggtcagt
catteocaatg
attacagtca
ggtgggcaat
teggttcetcet
acagaaactt
goattcacck

cacattcega

Phe Cys

Leu Asp

Gln Lieu

Ala Glu

Leu Ser

80

Ser Gln

95

val Asp

2760

2820

2880

2940

3900

3080

3120

3180

3240

3300

3350

3420

3435



Val

Gly
145

Trp

hsp

Gln

Ile

225

aly

Thr

Tzp

ABp

Qly
305

Rla

Gln
130

Gly

Asp

Pro

Lys

210

Ile

Gln

Pro

Leu

Pro

290

Leu

Phe

Leu

Asp

115~

Met

Val

Thr

Gly

Ile

195

Phe

Asp

Leu

Hig

Glu

275

Fhe

Ser

Ala

Gly

Cys

Leu

Trp

Glu

180

Phe

Ile

Ile

Glu

Tyx
260

Asn

Leu

Ser
340

Leu

Rsp

Lys

Pro

165

Leu

Asn

Trp

Gln

Ile

245

Phe

Asn

His

Met

His

325

Val

Phe

val

@ln

150

Leu

Lys

Aesn

Ser

Lys

230

val

Ala

Ile

Ser

Leu
310

Lys

Thr

Ala

TYX
135

aly

Gln

Met

Glu

215

Lys

Thr

Leu

Gly

Pro

295

Ile

Rep

Sex
120

Ser

Fhe
val
Fhe
val
200
Ile
hsp
Gly
Ile
val
280
Thr
Gln

Leu

Ile

Gln

Leu

Asp

Phe

Aesn

185

Leu

Ser

Ala

Gly

Rsp

265

Lys

Met

Arg

Glu

Leu
345

-15-

Ser

Ile

Ile

Val

170

Asp

Lys

Tyr

Val

Txp

250

Gln

Pro

Ala

val

FPhe
330

Cys

Gly

Ser

Thx
155

Val

Leu

Leu

Lys

235

val

Leu

Arg

YT

Y

Hig
315

Fhe

His

Ber

Phe
140

Ty

Pro

Phe

Lys

Ser

220

Ser

Met

Ile

Ser

Leu

300

Trp

Met

Hia
125

Asp

Glu

Arg
Glu
208
Lys
Leu
Pro
Glu
Gly
285

Leu

Arg

Met

Asn

Asn

Ser

Ser

Asp

190

Asp

Trp

Ile

Asp

Gly

270

Asn

Val

Gln

Pro
is0

Ser

Pro

Asn

Hig

175

Lys

Ser

Trp

Glu

Glu

255

Hig

Ala

Lys

Asn
335

Phe

Asp

Asp

Glu

160

Asn

Thr

Arg

Asp

Asn

240

Ala

Gln

Ile

Ala

Lys
320

Trp

Tyr



Sexr

Gln

Gly

385

Lys

Thr

Met

Ser

465

Ly=s

Ala

Phe

Glu

Asn

545

Lye

Met

Tyr Asp Ile Pro His

Phe

70

Val

Met

val

Glu

Asn

450

Asp

Gly

Asp

Tyr

Ile

530

Lyse

Asn

Asp

Val

ass

Asp

Pro

Leu

Leu

Trp

435

Serx

Phe

Gln

Arg

Lys

515

Leu

Fhe

Leu

Trp

Len
585

Fhe

Pro

Leu

Leu

420

Asp

Gln

Phe

Ser

Asp

500

Arg

Tyr

Leu

Gly

Val

580

Glu

Lys

Glu

Asp

405

Ala

Leu

Ser

asp

Met

485

Asp

Met

Tyx

Ser

Leu

565

Val

Lys

Arg

Thr

3890

Gln

Pro

Gln

Lys

Ala

470

Phe

Agp

Phe

Ser

550

Phe

Val

Ile

Thr

Leu
375

Ile

Leu

Phe

Phe

455

Leu

Pro

Arg

Ala

535

Ser

dln

Asp

Ile

Cys Gly
380

Pro Gly

His Pro

Arg Lys

Gly Asp
425

Lys Asn
440

Lys Val

Asp Lys

Val Leu

Trp Ser
505

Ile Met
520

Leu Arg

Leu Tyr

Hig His

585

Gly Asn
600

-16-

Pro

Gly

Gly

Lys

410

Asp

Tyr

Lys

Ala

Ser

430

Gly

Glu

Gln

Thr

Asp

570

Ser

Rsp

Arg

Asn

395

Ser

Fhe

Gln

Ile

Asp

475

Gly

Ser

Ala

Ala

555

Ala

Arg

Ala

Pro

Phe

380

Val

Lys

Arg

Gln

Gln

460

Glu

Asp

Phe

His

540

Leu

Ile

Leu

Phe

Lys

365

Gly

Gln

Leu

Ley

445

Phe

Thr

Fhe

Thr

Leu

525

Lys

Thr

Thr

Phe

Leu
g05

Ile Cys

Cys Pro

Ser Arg

Phe Arg
415

Cys Glu
430

Phe Rop

Gly Thr

Gln Axg

Phe Thr
455

Ser Arg
510

Arg Ala

Tyr Lys

Glu Ala

Gly Thr
575

His Ser
590

Leu Yle

Cys

Trp
Ala

400

Thr

Tyr

Tyr

Leu

Asp

480

TYyr

Pro

Ala

Ile

Arg

560

Ala

Leu

Leu



[

Lys
Met
625
Ile

Glu

Vval

Ser
705
Leu
Lys
Asn
Fhe
Lys
785
Liys

Lys

Arg

Asp

610

Asp

Aryg

Gln

Gln

val

620

Fhe

Glu

Asp

770

Hie

Arg

Pro

Ile

Lys

Leu

Leu

Asp

Val

675

Trp

Arg

Ser

Lys

Glu

755

Gln

His

Asp

Tyr

Leu

Lys

Sex

Arg

660

Phe

Asp

hla

Ala

Val

740

Glu

Thr

Glu

Lya

val

820

Serx

Thr Tyr Asp

Gln

Ala

645

Ile

Ser

Thr

Sex

725

Glu

Gly

Gly

vVal

Sex
BOS

Tyr

Glu

Lys

630

Glu

Ser

Ala

Ala

Ile

710

Ser

Asp

Ile

Leun

Asn

790Q

Gly

Thr

Val

615

Ser

Pro

Leu

Sexr

Asn

635

Pro

Ser

Thr

Met

775

Val

Ala

Thx

Thr

Ser

Gln

aArg

val

Gly

680

Thx

Bro

Ser

aly

Leu

760

Lys

Gln

Pro

Cys
B40

Tyx

Asp

Ser

665

Lysa

Ile

Leu

His

Ile

745

Glu

Gln

Phe

Leu

Pro

825

Phe

-17-

Eer

Ser

Leu

650

Val

Fro

Sex

Gly

Leu

730

FPhe

Asn

Met

sSexr

Fhe

810

Phe

Phe

Pro

Leu

6315

Val

Tyx

Val

Glu

Leu

715

Ala

Thr

Ser

Het

Trp

735

Leu

Val

ABp

Asp

620

Pro

val

Val

Glu

Thr

700

Lys

Asp

Ile

Phe

Thr

780

Pro

Arg

His

Thr

Gln

Tyr

Ser

val

685

Ala

val

Lys

val

765

Lye

Gly

Asp

Val

Val
245

Phe

Lys

Asn

Ser

670

Gln

Tyx

Val

Asn

750

Leu

Glu

Thr

Gly

Thr

830

Thr

Leu

ABn

Pro
655

Pro

Val

Glu

Liys

Leu

735

Met

heu

Asp

Asn
Bis

His

His

Glu

Ile

640

heu

Thr

Sexr

Ile

Ile
720

Tyr

Ile

Arg

gly

Ile

BOO

Ala

Gly

Arxg



-18-

Val Arg Leu Tyr His Ile Gln Gly Ile Glu Gly Gln Ser Val Glu Val
850 855 860

Ser Rsn Yle Val Asp Ile Arg Lys Val Tyr Asn Arg Glu Ile Ala Met
865 870 875 880

Lys Ile Ser Ser Asp Ile Lys Ser Gln Asn Arg Phe Tyr Thr Asp Leu
885 890 835

Asn Gly Tyr Gln Ile Gln Pro Arg Met Thr Leu Ser Lys Leu Pro Leu
500 805 910

Gln Ala Asm Val Tyr Pro Met Thr Thr Met Ala Tyr Ile Gln Asp Ala
215 920 928

Lys His Arg Leu Thr Leu Leu Ser Ala @ln Ser Leu Gly Val Ser Ser
930 935 240

Leun asn Ser Gly Gln Ile Glu Val Ile Met Asp Arg Arg Leu Met Gln
245 950 955 960

Asp Asp Asn Arg Gly Leu Glu Glmn Gly Ile @ln Asp Asn Lys Ile Thr
965 970 975

Ala Asn Leu Phe Arg Ile Leu Leu Glu Lys Arg Ser Ala Val Asn Thr
880 585 990

Glu Glu Glu Lys Lys Ser Val Ser Tyr Pro Ser Leu Leu Ser His Ile
885 1000 1005

Thr Ser Ser Leu Met Asn His Pro Val Ile Pro Met Ala Asn Lys
1010 1015 1020

Phe Phe Ser Pro Thr Leu Glu Leu @ln Gly Glu Phe &Ser Pro Leu
1025 1030 1035

@ln Ser Ser Leu Pro Cys Asp Ile His Leu Val Asn Leu Arg Thr
1040 1045 1050

Ile Gln BSer Lys Val Gly Asn Gly His Ser Asn Glu Ala Ala Leu
1055 1060 1065

Ile Leu His Arg Lys Gly Phe BAsp Cys Arg Phe Ser Ser Lys Gly
1070 1075 1080

Thr 8ly Leu Phe Cys Ser Thr Thr Glon Gly Lys Ile Leu Val Gln
1085 1050 1095



-19-

Lyse Leu Leu Asn Lys Phe Ile Val Glu Ser Leu Thr Pro Ser Ser

1i00

1105

1110

Ley Ser DLeu Met His Ser Pro Pro Gly Thr Gln Asn Ile Ser dGlu

1115

1120

1125

Ile Agn DLeu Ser Pro Met Glu Ile Sexr Thr Phe Arg 1Ile Gln Leu

1130

Arg

<210> 19

<211> 1116
<212> DNA
<213>

<2205
<2235

<400> 19
atgaagttaa

tcgectetace
ggctecttcco
ttéctagctg
gagtctgtgg
ccegectygeco
cetgkggacc
gececcagdy
caggagcacce
gactatyggca
cteaatgttg
gacgtggacc
cacatttecy
ggtgtctctyg
tggggctggg

atatctegee
aaaaatgaac

ftctgatggtt

1135

Artificial ‘Sequence

Kuclectide sequence of ManII-GalT

gecgecagbt cacegtgtte ggcagtgega

tgatgctgga
ctcagggcca
agaataatga
aggatggtcece
ctgaggagtc
tggagctcgt
actgegtete
tecaagractg
tctatgttat
gctttcaaga
tcattccaat
ttgraatgga
ctctaagtaa
gaggagaaga
caaatgctgt
ccaatcctea

tgaactcact

coggggtcac
getcteaatg
gatcatctea
gaaaagttca
ccegetgett
ggcaaagcag
tcectcacaay
gctatattat
caaccaggcg
agccttgaag
gaatgaccet
taagtttgga
acaacagttt
tgatgacatt
ggtcgggagy
gaggtttgac

cacctaccag

ttagactace
ttgcaagaaa
aatattagag
caaagcaatt
gtgggcceca
aacccaaatyg
gtggecatea
ttgcaccecag
ggagacacta
gactatgact
aatgegtaca
ttcagectac
ctaaccatcea
tttaacagat
tgtegecatga
cgaattgeac

gtgctggatg

1140

tettetgtgt
ccaggaacce
aaatagaceca
actecagtcat
tcagccaagg
tgetgattga
tgaagatgay
tcattecatk
tecctgcageyg
tattcaateg
acacctgeth
ggtgttttte
cttatgttca
atggatttcec
tagtttttag
tcegocacte
acacaaagga

tacagagata

ggtgatttte
gegccgegayg
tttggagegt
caatttgagt
tgetggetca
gtttaacaty
cggecgetat
ccgcaacegg
ccagcagctg
tgctaagcte
tgtgtttagt
acagccacgg
gtattttgga
taataattat
aggeatgtck
aagagacaaa
gacaatgete

cccattgtat

60

120

180

240

300

360

420

480

540

600

660

720

780

2440

200

960

1020

1080



-20-

acccaaatea cagbtggacat cgggacaccg agctag 1116

<210> 20
«211> 371
<212» PRT

<213> Artificial Sequence

<220>
<223> 2Amino acid segquence of ManII-GalT

<400> 20
Met Lys Lew Ser Arg Gln Phe Thr Val Phe Gly Ser Ala Ile Phe Cys
1 5 10 15

Val Val Ile Phe Ser Leu Tyr Leu Met Leu Asp Arg Gly His Leu Asp
20 25 30

Tyr Pro Arg Asn Pxo Arg Arg Glu Gly Ser Phe Pro Gln Gly Gln Leu
as 40 45

Sexr Met Leu Gln Glu Lys Ile Asp His Leu Glu Axy Lew Leu Ala Giu
50 55 60

Asn Asn Glu Ile Ile Ser Asn Ile Arg Agp Ser Val Ile Asn Leu Ser
65 70 75 80

Gln Ser Val Glu Asp Gly Pro Lys Ser Ser Gln Ser Asn Phe Ser Gln
85 20 95

Gly Ala Gly Ser Pro Ala Cys Pro Glu CGlu Ser Pro Leu Leu Val Gly
100 105 110

Pro Met Leu Ile Glu Phe Asn Met Pro Val Asp Leu Glu Leu Vval Ala
115 120 125

Lys Gin Aen Pro Asn Val Lys Met Gly Gly Arg Tyr Ala Pro Arg Aap
130 135 140

Cys Val Ser Pro His Lyg Val Ala Ile Ile Ile Pro Phe Arg Asn Axg
145 150 155 160

Gln Glu His Leu Lye Tyr Trp Leu Tyr Tyr Leu His Pro Val Leu Gln
165 170 175

Arg Gln Gln Leu Asp Tyr Gly Ile Tyr Val Ile Asn Gln Ala Gly Asp
180 185 150

Thr Ile Phe Asn Arg Ala Lys Leu Leu Asn Val @ly Phe Gla Glu Ala



Len

Ile

225

Gln

Ile

Asp

Asn

105

Lys

Glu

Asp

Lys
210

Pro

Iie

Asn
Ile

290

Ala

Val

Pro
370

195

Asp

Mek

Ser

Phe

Qly

275

Phe

val

Glu

Met

Gln

355

Ser

Tyr

Asn

Val

Gly

260

Phe

Asn

Val

Pro

Len

340

ATg

Asp Tyr Thr
215 -

ABD

Ala

245

Gly

Pro

Arg

Gly

Asn

325

Ser

TYr

His

230

Met

Val

Asn

Leu

Arg

314

Pro

Agp

Pro

Asn

Asp

Ser

Asn

val

295

Cys

Gln

Gly

Len

200

Cys

Ala

Lys

Ala

280

Phe

Arg

hrg

Leun

360

Phe

Phe

Leu
265

Trp

Arg

Met

Phe

Asn
345

21-

Val

cly

250

Ser

ely

cly

Ile

Lep

330

Ser

Gln

Phe

Cys

235

Phe

Lys

Trp

Met

aArg

315

Arg

Leu

Ile

Sex

220

Phe

Ser

Gln

Gly

Sex

300

Hims

Ile

Thr

Thr

205

Asp

Ser

Leu

Gln

Gly

285

Tle

Bex

Ala

Tyr

val
365

Val Asp

Gln Pro

Pro Tyr
255

Phe Leu
270

Glu Asp

Ser Arg

Axrg Agp

Hig Thr
335

Gln val
350

Asp Ile

Leu

Arg

240

Val

Asp

Pro

Lys

3zo

Lys

Leu

Gly





