FUSI ON CONSTRUCTS AND 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 | NVENTI ON
Field of the Invention [0001] The present invention relates to the field of
gl ycosyl ati on engi neering of proteins. Mre particularly, the present
invention relates to nucleic acid nol ecules, including fusion constructs,
havi ng catal ytic activity and the use of sanme in glycosylation engineering

of host cells to %ﬂﬁﬁt@n@ﬁlﬁ@ﬁ@ﬁhﬁ%@@ﬁ%ﬁb@%ﬁdﬁrapeutlc
properties, inghyficipgWrThadtiesA¥s 1t REereaREIRDNE@AERNGFY DI ndi ng and

i ncreased effector functlonANﬁqgfgC@gmﬂUﬂtﬁKh@OOZ](Hycoprotelns medi at e
many essential functions in human bei ngs, other eukaryotic organi sns, and

sone prokaryotes, including catalysis, signaling, cell-cell comunication,
and nol ecul ar recognition and association. They nake up the majority of
non-cytosolic proteins i BaeHGROUND OF PHEaIVEBION Lis et al ., Fur. .1".

Bi ochem 218:1-27 (1993)). Many glycOproteins |live been exploited for

t herapeuti c purposes, and during the |ast two decades, reconbi nant versions
of natural | y- @e@lurtHe dgrentioeCr et ed gl ycopnt ei ns have been a mgj or product of
t he bi ot echnol ogy industry Exanpl es i ncl ude erythropoietin (F20),

t her apeut | nocl.gn ti bodi s (t er ti ssue plasm nogen
acti vat orl @?ﬁz ﬁFB’Pfe@? ‘f‘l"mf?“ ﬁaIBPgﬁWﬂ"ﬁ’ AAPRE Dr?d’ﬁ?“'ﬁ‘ﬁﬁgge col ony
stinmul ating f@mtem:s (mﬁsﬁ)umﬂ ﬂmJﬁEﬁnChﬂédueﬂltﬂatgé)ﬁﬁdﬁlelcOm n (hCG.

(Cumm ng et al yC 000 The Ilgosaccharide
conponent canngﬂemg 1im(::a @gaéﬁ‘ﬁ‘oﬁsjﬁt“% ﬁ%gé} tf ?‘5? e efficacy of a
t herapeutic gIsgmprgb'brtswlai;omeng:hudnmgf}plstysllsctalgemm)pdlypbquesresh stance to

prot ease att ag coki netics, and
specific biolo thi V|t d%ﬂhﬁgg%%?%?%@“%é%kﬁghFa%%ho only on the
presence or ab@éﬂg@dw@e estapfnchin. specific structures, of

ol i gosacchari des. Some generalizations between ollgosaccharide structure
and -2- glycoprotein function can be nade. For exanple, certain

ol i gosacchar i #eckeropfdres medi ate rapid clearance of the glycoprotein from -
t he bl oodstream through interactions with specific carbohydrate binding
proteins, while others can be bound by antibodjes and trigger undesired

i mune r el843 ons. GlyeoRtelcsRs mediatg many eesentigl Snetiogs W bwmEt beings.oMsT 81 (1996) ) .
evkaryotic organisms, and some prokaryotes, including catalysis, signaling, cell-

cell communication, and molecular recoguition and association. They make up
the majority of non-cytgsolic proteins in eukaryotic organisms. (Lis et al., Eur. J.
Biochem. 218127 (1993)). Meny glycoproteins hiave: been exploited for
therapeutic purposes, and during the last two decades, recombinant versions of
naturally-occwrring, secreted glycoproteins have been a major product of the
biotechnology industry. Examples include erythropoietin (EPQ), therapeutic
monoclonal antibodies (therapeutic mAbs), tissue plasminogen activator (fPA),
interferon-B, (IFN-), granulocyte-macrophage colony stimulating factor (GM-
CSF), and hkuman chorionic gonadotrophin (hCG). (Cumming et al,
Glycobiology 1:115-130 (1991)).

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

oligosaccharides. Some generalizations between oligosaccharide structure and



[ 0004JMammal i an cells are the preferred hosts for production of therapeutic
gl ycoproteins, due to their capability to glycosylate proteins in the nobst
conpati ble formfor human application. (Cumm ng etal., d ycobiol ogy
1:115-30 (1991); Jenkins et al"™ Nature Biotechnot 14:975-81 (1996)).
Bacteria very rarely glycosylate proteins, and |like other types of common
hosts, such as yeasts, filanentous fungi, insect and plant cells, yield

gl ycosyl ation patterns associated with rapid clearance fromthe bl ood
stream undesirable i mune interactipns, and in sone specific cases,
reduced biological activity. Anong mammal i an cells, Chinese hanster ovary
(CHO cells have been nost commonly used during the | ast two decades. In
addition to gé%ogxgteﬁuhﬁé’&heca@b)!%ﬁ I %f gg]mgfgt LebSolighhEdaike! | s al | ow

consi stent generation of genetical ta ro ctl ve cl onal cell

| i nes. They cHfctes madiete rap ¢leptdnry th@glgwtoé@u ffwﬂslﬁl padstiamr eact or s usi ng
serumfree neﬂfoﬂ%]hlﬁt&qctﬁﬁimﬂ{spmo ﬁéﬁ?&:&gﬁiﬁ&? ﬂmﬁ@&ﬁne%mb@s%ﬁprodum bl e

bi opr ocesses er conmonly used ani nmal %s I ncl ude hanst er ki dney
(BHK) cells, Wdopnddyautipdissindsigae vadesiced sarpunessaptions. \mking @gbnt | y, producti on
fromtransgenMgu,@@w;@),@;ha@ygagmgdg en tested. (Jenkins et at, Nature

Bi ot echnot 14:975-81 (1996@ gﬁ 1Al antibodies contain car bohydr at e
struct ur 0%k condEPpElas $ #1p hertanred hestfanprpduction of thesmeutient regi ons, with

eflch It soi ype Vﬁﬁb‘&ﬁ@ﬁ:ﬁﬂs n&gatoddh&i Icﬂﬁbm@rtaagyoeéyldié égfﬂﬁﬂdnctﬁé la%ab:ydr at ef t |
structures, which.y r? el n asﬂs?e 6‘%’ retjon or functiona
activity. (W?"aﬂ?ﬁbc ket ﬁ% ‘%“meng 0 15: 26-32
(1997)). The ﬁsmmm @fal, t]’ﬂ&uratBﬁmhr&d 1MkOT7 §. aka@%yarbmiwldr'@iye varies
consi der abl y, .1 he r.ee of proces nd _can incl ude
hi ghmannose, rﬁ{?ﬁp%?c?sﬁ'g%?a% i}g ﬁ“%g %mg}?f]g??ﬁsg %?8’ Frex
ol i gosacchari ﬁlasentC(UV\ﬁmghmecwmpla:ndellmnaid gmsylﬁonpattemi)tssmmlsl Bi ot ech.
/5:26-32 (1997. i ng of the core
ol i gosacchari q@%ﬁ%?ﬁgé%ﬁ%ﬁ%ﬁg ai’&g&%@ I c“ﬁar gﬁ&gdé‘ﬁ ation site such
t hat even rmrw@iimalbclﬁmamouﬁ'@sd wislogieal a@mty 3Ameng mnph@lagbqﬁe,of or ns.
Likew se, It HRgORGMesOMC I:e QBwﬁhfoﬁt%Bﬁﬁﬁﬁ ugead@g,g;u%

ce erences are seen

gl ycosyl ation occur betmeen I ne even nor

for a given clewwq4%%@Mﬁlt%fe&mamﬁwpémosﬂmwmt@m@mw%ns (Lifely, M
R etal,, Glyﬁﬁ@lcaﬁs&&méﬁ&im&%?g%&&ﬂ@&mémgﬂ@ hdRcapiigar ed nonocl onal

anti bodi es (mAbs) can be useful nedicines for the treatnent of cancer, as

denmonst r at ed st Fhey ©92.8e ctgEsd todnigh depsiips Imdimnls Wotpagtoroiing ssa B oval  of

Ri t uxi gab (Riﬁﬁmmtamndlp)aﬁﬁftﬂmmﬁ@uﬁh df@ﬁé&dr&ﬁﬁf ualzalgmpm%esand Ge:wlent ech
Inc., San Frapgcisco, oJ treatnenf o tive B-ce

| ow- gr ade or FPoOfi5EEr “%‘W%&?ﬁfﬂ”@%%f\ ,’%Pgs(g Fﬁiﬁ (Her cept i nn4;
Genent ech | ncN30-f amd Sﬂim—mﬁxeammmaoiﬂmdmwmemﬂmmmm (Gillo-Lopez,

A -J. t al I\/l M,
They. Zi 389 tiﬁ%%ﬁ%%n&%ﬁ?ﬁa%%@%ﬁ (ﬁdqgfe tec et hAyers for the

treatnent of Me¥7agd€@3aeute nyel oid | eukenia, and Al entuzumab ( CAMPATHTM

M I I eni un[iﬁg@ Ma.C eyl & @ﬂpﬁfé‘?&%ﬁdéﬁﬁo ot sBctirBEat b éaf'pg%m&gﬁl cell chronic

| ynphocyt eukem a. The success ehese product Ies not only on
their ef fi cactpehsayy diisgonstantiregian, with eash isplapengsssesinge fistinstaapef (Gril | o- Lopez,
A-J, et al B s andBed Wkl ARk kdangkayM M, O itz
Ther. 21:300- 18 (1999)). In spite of the achjevenents of tﬁese drugs t here
is currently %?W’é?"d’éf“i‘?ﬂ"éi"é%tt“t? - Wkt -rAnA Momiseme L dB&s &% ant i body

?Ctl vi ty thanssded2 (n@ﬁ)yFIlheaﬁ-dcﬁlr@JffﬂQrMed)M ]ﬂEﬁQﬂijﬂ,@E@eFvaﬁQb t her apy.

0007] One way ta,ohtain rge_i.ncreases in potency, .while. paintaining a
sinpl e productdSf %8&@&%8" B’St‘{@ﬂﬁ %qsqr?’e%fg‘@i %ﬁqn%nétl\gg‘lq? gﬁ ant undesirabl e
si de eff ect s, mumotepmelibigdemclich @s well a4 ibixhtenres] dompled bBdoemtclafifaect or functi ons
of mAbs by engj.neer,n ir QldgRsacghari de . iia, P. et al.,
Nat ure Bi ot ecﬁg%q?nﬁ Al"fgi%gf%glfg%ﬁsgf%d ?5%"29%@?%239’@‘%"%1 he nost

comonl y usedthmaisihbmgwﬂsprocam@ftﬁemraoi@kaea:lmigqsttmtma}h@chabrot ei ns that
have a conserye i, each Cl-12

domai n. The tm%ﬂ%h%%gl an eﬁ%ﬁ‘ﬁﬂ}t‘h& gw%stglgoé: arlAag Z%%’%(‘: ed to Asn297 are
buri ed between the CHZ domai ns, form ng extensive contacts -with the

pol ypepti de backbone, and t hei r presence is essential for the antibody to
medi ate effector functions such as anti body dependent cellular cytotoidcity
(ADCC) (Lifely, M R, et al., -4- dycobiology 5:813-822 (1995);

Jefferis, IL, et al, Imunol Rev. 163:59-76 (1998); Wight, A and
Morrison, S. L., Trends Biotechnol. 15:26-32 (1997)).




[ 0008] The present inventors showed previously that overexpression in

Chi nese hanster ovary (CHO cells of

13(1,4)-N-acetyl glucosam nyltransferase DI (Cmlll11), a glycosyltrausferase
catalyzing the formati on of bisected oligosaccharides, significantly
increases the in vitro ADCC activity of an antineuroblLastoma chineric
nonocl onal anti body (chCE7) produced by the engi neered CHO cells. (See
Omha, P. et alL, Nature Biotechnot 17:176-180 (1999), International

Publ i cati on No. WD 99/54342, the ent¥re contents of each of which are
hereby incorporated by reference in their entirety). The anti body chCE7
belongs to a | arge class of =conjugated mAbs which have high tunor affinity
and speci fi ci Dyitiplowlychfames. tIdkewides it hes Yoo showy thad msjor differsheealid y usef ul when

produced in s gﬂn:&s’} I ilL.a enzyne

(Uni ana, P. I’ejrtﬁlﬁg';tjot%’r Nat %F(Z&%F%tbg% %ﬁﬂéf{}%‘%%&%%ﬂﬁ?ﬁ@% %Q#ﬁat study was
the first to mfmtmmﬂcﬂhlﬂlg@qwn&ﬂ@aéﬁ'gmﬁﬂm@mﬂ#\ﬂ-ﬁgly b8 d be obtai ned
by engi neeri ng 4 hg; &@MJ&?%]&@%%%S} cells to express GhTLII, which also

led to an increase int roportion of constant region (Fc)-associ ated,

bi sect ed [B?qﬁbosac&-ﬁﬁ?ﬂl‘lﬂé@dﬂmml°aﬂﬁﬂ%0@¢5§l§{’}b%@ﬂh®wﬂﬁl ed
ol | gosacchar | g sucaBl 8¢ o, A ClobohEN! 1yuB2BYI 3blay 24P ey | N anti bodi es.

[ 0009] The results of a nunber of studies su&eest hat Pc-recept or-dependent

mechani sms  cofiiwinisiretion's papsqvalof Riimeb(Rituxpd™ JBEC Bhprstcedigals Baki ¢ ant i bodi es
agai nst_{unor i, B Geabechiiel salkRisldTek), A kidiREieAQRENS] T UMDY S woul d

bi nd preferentlall\é to activation Pc_recéptors and mninmally to the
©

i nhi bi tory paP¥sHeBeell Rpraradeor @FVHE@TWLHWEE%%IY&Pm%?Ml ci ne

6(4) \443- 446 ;| CRh&EGh %,)%ME u@dtﬁexﬁ%yemﬂoed%mé{ cancdr EXP.  Med.
19505) 1653- 1659 (June 2002). ults of at |east one

study suggest (FHa A PRE: F"&'"’r‘ 9&@&t26ﬁ617%(1§3?)t%ﬁn9‘?‘&%%t rongly
aseoci ated W hy ther qf;f3nggg¥1ggg)6 g?u G, et at,
Bl ood 99(3):754-757 (Februar 02)). That Stu showed that patients
homozygous f ofye)i ??ﬂﬁw@fﬁl@@?@'ﬂml@ agpnbAlemiyza® t han

het erozygous paiNEeRTe™ NiliRnitH PhehsefRAS A@%rtﬂeﬂ@aﬁiéb@@f’ﬁ or response was
due to better in vivo binding of the antibody to FcyRI'I'1a, which resulted

in better - SQGHABEECHr@tPﬁ%YP‘yIG‘é‘Q@Fn%@eWﬂﬁﬁﬁ@hﬁeE@ﬂq%sthW%hbn G, et al,
Bl ood 99(3) : 7adhthdipefridabypth Mgy of ti2R Bditindink@3H roMled@riils-L 612z, 1403 ADCC, successf ul

anti -cancer nonocl onal anti bodi es often i nduce % i ndependent direct
si gnal i ng mecH&hiSere- OFrat 258 (R G98): Caldgrberecd) M., Q(YF%‘V 3095451 i feration, or

death by acti (/taDQ)nginGﬁtdofﬂtegﬂﬂé\ieﬁ&lmw Otherdd HOfidebdlly ad@geSS to growth
factors. (Sel enk

exanpl e, t rea%ﬁt ot btaﬂfﬁiﬁ)gﬂg%r%%eglﬁé W@Wﬁ%@ 22&’%‘%‘}%%@5@05%8\[\02% 2). i Eche

conpl enent - neeﬁfadeﬂdbyhy&n&gﬂﬂh%ﬁmpyduced i nduction of apoptosis as well as

ADCC. (Se t g d. .22(3)-124-130 (2002)).

Mor eover , ﬂ m Ri tu%er?ﬁ car%rl%cﬁegsﬁfs §1|°¥sd,'ilc fw?%ngaﬁ%arrmﬁn%a g not only kills

the gells but pmﬂmommmaeépqmndlmvmmmntpmé@eﬂﬂmde@ﬁecm | ynphoma

cell -derived pepti gﬁ,tage t oD (DC) i nduces
ED% Q%th?sf glvvs th%uggeﬁlg%tl on ?‘ﬂ Blot |

mat ur ati on of speci ?I C cyt otoxic T

| ynphocyt es ( exgjneerzm their ujgnsaseharide cpmponerty/imedaN Pt (0 1] ABtgyni zi ng t he

trenendous th@f&?%ﬁl?lf@i&@i@% I?é tﬁi&%ﬂ%@&tb@&eﬂoﬁt&xﬁxﬂ@ﬂlﬁﬁ@@d Fc receptor
bi ndi ng affi ni t'% and increased effector function, the p ﬁ&,ﬁ i nventors
Tve

devel oped a né¥ %ﬁ%?“fﬁ'ﬁ%@ﬁ&a@’uﬁﬁgléwpﬁﬂﬂlt@éhw‘iE’HS s engi neering
the gl ycosyl aiédﬂtbﬂgl?ﬁd@glhthcﬁ sié ag&@ﬂQaﬂidam-ﬂ dﬁﬁlatnegh@m c[:ﬁﬁl&x?t}ﬁhehpr esenlt |
invention is broadly dire eering host cells to
alter the gl yEEPpr{ligesa %ﬁﬂ%ﬁ fﬂgg&ﬁtg“%?; bg“%jg‘i’{?/‘b%ﬁgt d‘é@fproduced by

t hat host cel Idomﬂﬂsefomihbeﬂmsﬂécdnknetsnﬂkﬂmtpbbpapmémbdaﬂnousenﬂﬂnm pr oduced

t her aepeuti c anti bodi es n.dn ad C regi on,

i ncl udi ng r edCEEF ﬁcef) otEDanw&odeel n e?"r%e eﬁr.] clué’gs ve i ncreased

ef fector funchmtrhnd;aﬂej:bmcteni ndlutaasgrdtoﬂmt}r étamb(Llﬁi}n(Mng a& @, result of the
nodi fied gl ycosylation. The gl yco engi neered anti bodi es of the present '
invention are particularly useful in therapeutic treatnments of tunors in
patients. In one enbodi nents, the host cells of the invention are

gl ycoengi neered to express a nucleic acid nol ecul e encoding a fusion ]
pol ypeptide with GhTIIl catalytic activity or Gal T catalytic activity. In a
preferred enbodi nent, the fusion constructs are coexpressed with a nucleic

aci d nol ecul e encodi ng a pol ypepti de havi ng human Mann catal ytic activity
and/or a -6- i




nucl eic acid nol ecul e encoding a pol ypeptide with earn catalytic activity.
In yet another enbodi nent, the gl ycoeagi neered pol ypepti des of the present

i nvention are produced by a host cell glycoengi neered to have increased
expression of a nucleic acid nolecule encoding a pol ypeptide with Man
catalytic activity 100131Accordingly, in one aspect the invention is
directed to an isolated nucleic acid conprising a sequence encodi ng a

fusi on pol ypeptide, wherein said fusion polypeptlde has

13(1,4)- N—acelylglucosanlnyltransfeﬂhse 11T ("GTlI1") activity and
conprises the Golgi |ocalization domain of a Golgi resident polypeptide. In
one enbodi nent, the fusion fpgéﬁ.@ tide conprises the catal ytic domai n of

3(1, 4)-N-acet Gleabindess 281337 Herise Rivie! ¢ln Dygmpng! R 08B nent, t he

Gol gi IocalIzebs»s;nwﬂm@mdﬂoﬁ@énestte%&{dpmotehﬁwgtpms,@@@@mstI ng of the
| ocal i zati on. domai n of nmannosi dase I, the locali zation_domai n of

13(1, 2) - NBO08L y| o The BressmtinyFRiprs shozred prgvioyslythatpnprexyressiondn CigRess i zati on donai n
of [3(1,2)- NaE@EsiéthvhtF/Oﬁn{Dl)nééhi h@%f-ﬁ%&&tﬂ@ﬁmﬁﬂ:ﬁyi&aﬂf&a&@ﬁﬁ"Zatlon domai n

of mannosi dase and ocalize/ion domaln of al-6_core

fucosyl tri nsf &40, ¢ nelypopiEmairraseq calpies n‘BﬁtibFWé‘"Pqu distfeducl ei ¢ aci d

sequence C0rrpﬁug,eeﬁcﬂaﬁabs,rﬁgﬁiﬁe@my&ereseﬂmetrx:ﬁ:r&iepcetaemtymfEi dati- 24 or FIG 25,
I n anot her pref er [‘T’@I pdi.ment, i sol at e‘b"e‘%bjc' ejc %I d, sequence encodes

apol ypept i de HARCHFPAL ﬁdn%f‘@? é'ata'é’ﬂtse(“ P reyeed, o 24 or FIG 25.
I n yet anot heengeateCHOd NS iUnifid, P. erhat, Nawleeﬂza&hmdmns-lm:l d sequence

encodes a pol t,i de 1aV| e ence east 80% i denti cal
to the am no é@&ﬂ hsltgmﬁtenc %@2@88%@%5@ ?flr?acgﬁf)t her aspect,
t he i nventi onwhigsh dnerhembysdlcd:rporatcd bis efezdned inntwst ettlnet}acmﬁeemibpd)'r sing a sequence

encoding a f ugicgn y SPRARER A S B AR ab ik PO GRE) o o

13(1, 4) - galact osyl activity. a rirses the ol gi
| ocal i zati on fBnibit and efecidicitn byfinaveded htémot@o?%phm@élyweﬁﬂm enbodi nent, the

fusi on pol ype g‘gimﬁ &z#g
is)‘I{)?er i d%ﬁS&l @elﬁﬁ;.t, ITB:L usi on ?ypeptl de

gal act osyl trans ase. | n another

e
conpri ses theﬂ@étf‘ét“fft?ﬂ@f%%ﬂﬁIEFISQQPﬁ)M)Tb@M%%gﬂFﬁfshﬁ‘? @t ase. In a
further enbodthaﬁ@tge lﬁcbeese@et gbcb%etﬂyzcamm@ odeﬁswyeﬁgm%elm%%@d fromthe

group consi sti ny | ocal i zation d i n of “mannosi dase 11, the
local iz at i on YrP“Eﬂ‘“"‘EB%*’ﬂS )eHiEss G‘ﬂ?mv which slpofed s BEeRy M theinst er ase |
("GTl"), t hef nl of Cofstad) rNB{FR)-Bbociated, bisected oligosaccharides,

of ' ra Z‘Z‘FSEZ@ uﬁin%ﬁge%ﬁégrt@?%?@é? Ss%#%ﬁw' e A
facosyl f r ansf ganaaley-occlrfififlamlibddies.anot her aspect, the pr esent invention is
directed n ex ession vect IR n |soI cleic acid

conpri si n(g&giiseque s%"% 5&”% erof%g ﬁ“%ﬁi‘%% G %ﬁ% % L said fusion
pol ypepti de hmechMQmaw)ltauueﬁuwt@hdbm&mw aflcﬁnbhemwﬁlagmstl vity and
compri ses. t ey, GolOing! A6h) 13l bR Bpfloi Bl 2ufi!dihot SRUMCHAL PO! yPeptide. I

one gnbodi nent, the expression vector enc usi on polypeptide
conpri si ng thmefﬁwﬁﬂ-‘l)'tw mmrwmton@dwmﬁb@@pmwam| transferase Dl

and the Gol gi plyae@l [@dlek, Wkdggﬁlmn}r§M§‘§&W?Q4§mdobﬁwe%p consi sting of

the localization donmin manl osi dase | ocal i zati on domai n of PO

. 2) - N- acet yl gPdboS¥RaGF d s Fradded, 195(125195604P9 Sume 2R dBi n of
(1,2)- Nacetybﬂhip&%amsmlotataa&f@éa duggestttﬁheﬂteqeﬁtmzeécqﬁmﬂonal n of

mannosi dase | cal i 23 I n of al core_ finosyltransferase.
[0016] In anoPﬂ‘é *’5?5 Iy agsqeie 5#‘88‘%“[3 ?ft“?‘t}‘ﬁdﬁ"gerfﬁyr A& to an
expressi on veGt,ax a!:OBtpdid S9(HF56n57 Febrairg A00R)L| Thet simdy shosadtitat Si ng a sequence
encodi ng a fu5| {ftf.rﬁ 75 usforepgéﬂ&eﬁle‘}ﬂnabs grdref %gﬁleqo H%Etbo i de has

p(1, 4) - galact BEY BTasE 'l ses gi |ocalization
donei n of a Chétgozygesmtams 'ﬂ@hmmondeiedthntMpmwbmmsdue he expression
vect or encode I J t. o} ¢ domai n of
/3(1, 4)-galac osy%ﬁlﬁgﬁgg)g@gggﬁg%éwﬁﬁgq&%l oca%?gsg elzao'ﬁhéf)nal nis selected
fromthe group consisting of the |ocalization domain of mannosi dase 11, the

| ocal i zati on domain of 1.1(1,2)-Nacetylglucosam nyltransferase |, the
| ocal i zati on donmain of 13(1,2)-Nacetyl glucosam nyltransferase Il, the
| ocal i vati on domai n of mannosidase |, and the | ocalization domain of al-

core fucosyltransferase. [0017] 1 n another aspect, the present invention is
directed to a host cell conprising an above-described 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 polyp
eptide having 13(1,4)-Nacetyl glucosam nyltransferase Il ("anti") activity
|n an anDunt suff|0|ent to nDdlfy the ollgosaccharldes |n the Fc reglon of

1. .



-8- host cell is selected fromthe group consisting of a whole anti body

nol ecul e, an anti body fragnent containing the Pc region, and a fusion
protein that includes a region equivalent to the Fe region of an

i rnmunogl obulin. In one enbodi nent, the fusion pol ypeptide having &Till
activity conprises the catalytic domain of
13(1,4)-Nacetyl gl ucosam nyl transfense In and the Golgi |ocalization domain
of a heterol ogous Gol gi resident polxpeptide sel ected fromthe group
consisting of the localization domai'n of mannosidase |1, the localization
domain of 13(1,2)-Nacetyl glucosam nyltransferase 1, the |localization donain

19 ;( Tag;]ole_ gig?gﬂlcéq%@ﬁg@%ﬁbﬁfb&#@?e&ﬂg‘@ﬁrﬁ,ﬂgm,12112%19 PEERATI 0t i on domai n of

al -6 core fuc@phieryaoser ase. [0019] I n anot her aspect, the present

et o o B encodk ARSHADCS SRRy BE R R TS ores | oo O1°

, 4) - gal act osy liddn@nkfiadepsdettaliddt sigading \rieklyanisths aliut sagolaettargaifcBil ci ent to nodify

t he ol i gosacchar. des .in the Pc region.of a.pol.ypeplide produced by the host
cel |, wherei nsusf—gtliv%’%%brf?p °&qr8%athpblyg J&@&cﬁ@mwﬁ%ﬁesggﬁc % selected from
t he group consscstsitngrowth factarh dSederdkntN. b diy, /Ol dembe!. 22@): BAiBbody fragnent
containing th regi i it | S a region

equi val ent toﬁ@)'Pg@rcg%%ﬁr%&éﬁ:ﬁmgﬁg%%lﬁatﬁ.ﬂ%ﬁ(eﬁ% odi ment, the

f usi onpol ypepehawa thandupgcatplemeatmédidtadylygo apk Meteinduded insetioh pfi ¢ domai n

of (1, 4) - gal ac%@%&gmfaﬂﬁée Qﬂnﬁoﬁ@.,@l.,gﬁ'c{&%ﬁﬂu#&%f }?{?4-‘19@&' n of a

het er ol ogous resi dent _polypeptide selected fromthe group consisting

ofthg | ocal i vitdO8H)-dderaevist, the Rifurindhdndesadapentiesisoblymphopa eqllopot 8d¥mi n of
)

0(1, 2) - N acet yilgind e 8iFaRY promodslp Bk closs-prékenthtRs 8t lhgilolm@Bendonai n - of
mannosi dase | ., . the I%% lization domain

of : :
0( 1, 2) - Nacet yRgiVad Botess Ay peserssning dendritic celis(MQhdnduprs masation on  domai n of
al -6 core facospC|dnaaidwiasenerdiof) &R GloRllcyr Iyhptdoftal(QTL). ocal i zati on
domain is from mannosi dase 11 or 13(1, 2)-Nacetyl glucosanbriltransferase |
or, alternatively, galactosyltransferase. [0021] In another aspect, the
present invention is di (BRIFESUMMARY OF THR INVENDEIN | de havi ng
13(1, 4)-N-acetyl gl ucosam nyl transferase In activity and conprising the
Gol gi localization domain of a heterol ogous Gol gi resident polypeptide. In
one enbod[0fHht , t HRecbgnizirgnthe Gkmepdptsi thiespeaic dotratial rd entitiodias wolrpri se t he

catal ytic dongj g{?gg i f li. In another
enbodi nment , n%cgaa&? Eg&ég}%? %ﬁ%&%ﬁ%§%§%&%r%&g§1t@%?%%f romthe. group
consi sting of inveiters dexslopéd, atiethod deypeddncing suok prtibsdieserddel ihvoltene | ocal i zat i on
domai n of [ 3(lepddeeths the g%gﬁgﬁgg%gﬁgﬁgﬂﬁ%wfr%&?e I, the localization

i dase |7 the ' [

domai n of mannosi ;] localization domain o o
13(1, 2) - NI04B3t y| gl Thegeessnt inysntipnipaeadiyirectedio methpds fopglyoengiBpstiagt i on donmi n of
al -6 core fucasytdie dantr@ieadRosyaBHpRHIdL AT BRfe BB R@EHss plolife®r €Sent

invemtion is directed to a fusion polypeptjde havin

f3(1, 4) - gal actt¥IA P%ﬁﬁlf'egagéleg‘eﬁ%t{‘?mé{m?%&ﬁbg? E?eﬁé" preduced) gi

l(r)ﬂ(::)alji zation d&mph f'dﬂﬁ@inu‘aoii\ﬁb@thﬁi_omgwg%rﬁ;ll@opﬁﬂﬁdﬂifiﬁgﬁonp@icmpig@ti dﬁ. I n olne _
enbodi nent, the on.pol ypeptides of .the invent copprise the catalytic
domai n of 13( f?dﬁﬁe-'ds%ﬁ%%?%s%cﬁnatﬁ%?"@g%déeé‘. afenm?fﬁa{g?dn%gmg‘nﬁgc CHent, the Gal gi

| ocal i zati on clodfex incréasedsis|reeptenchifdingres & hesulyeithpmotifislighicosyitiaf. . t he

| ocal i zati on L. Of: i i [ Or L £ :0f

13(1,2)-N aceﬁ??@&%@n a(ffhg'gﬂ%%t% é&;%gf%%%%é tﬁ)@dﬁé%&g%%uﬁgg%%@nﬁdomi n of
mannosi dase | fhepdpentic redinentsafiumerdo patients. dh one embodiments, the host cells .

13(1, 2) - Nacet k@l HeaRagiE ML LbARRER S Fréds 2 ARRickAGmbRSM chbpinp On donei n of

al -6 core facosyltransferase. L L
afusion polypeptide with GnTIII catalytic activity or GalT catalytic activity. Ina

preferred embodiment, the fusion constructs are coexpressed with a nucleic acid

molecule encoding a polypeptide having human Man1l catalytic activity and/or a



[ 00231Preferably, the Golgi |ocalization domain is from mannosi dase It or
ii(l,2)-Nacetyl glucosam nyltransferase I ("GTIl") or, alternatively,

gal actosyl transferase ("Gl T"). [0024] 1 n another aspect, the present
invention is directed to a nethod for producing a fusion polypeptide having
] 3(1,4)-Nacetyl gl ucosam nyl transferase D activity conprising culturing a
host cell of the invention in a mediumunder conditions allow ng the
expression of the nucleic acid encoding the fusion polypeptide and
recovering the fusion polypeptide fromthe resultant culture. In one

enbodi ment, the fusion pol ypeptide éonprrses the catal ytic domai n of
13(1,4)- N-acetylglucosaninyltransferase 111. Preferably, the fusion

Post et pol JRBPE MICeRE e AsRv R or bt AEREREe BB ne | ocal i zati on

domai n of rraryraosnott&sembbduhéiﬁ mﬂlgg'&deﬁ@hd'e&ﬂ mtﬂes{)ﬁf the present

j 3(1,2)-Nacet.yl gl ucosanm t.r anst t.he | ization.domai n of

nmannosi dase I“\{ 8 ?B%W%gtqyo%ﬁﬁg alf ﬁly{i‘?engmeered P6%avE Hhercifha

f3(1, 2)- N—aceﬂxpfesyiommrﬁaami:lmylahdamud;e‘cuieamding,a molygeitide whithddin Hati on donai n of
al -6 core fucg&lﬁl g ferase -10- [0025] 1 n another aspect, the present

invention is ect’éldto a method for produci ng a fusion pol ypeptide having

Po , 4) - gil0adjt osy!| Acmr@fgbrmmmimmVnWWhiestbdigmmmedﬁun@ica host cel |l of

the i nventi orw Mo E‘r{gglgitaﬁe sr oo Cﬁ“’SﬁJ%&}P%%ggﬂthh@gmsﬁﬁﬁEW ession of the

nucl ei ¢ aci d encod and recovering t he fusion
pol ypept i de frobyneptifiehas é@ﬂ%mm@b@mylmfm%ﬁwnMWMt he fusion

pol ypeptide g nrﬁsféétﬂebfol CRLR Bh&o reLifidaf

gal act osyl trans ase. era e usr n_pol eptr e corrprr ses the

Gol gj |ocali 28 P’@PP%?F&*F (fFSIQil @r“é? ergenmisesdls gitalytissdogatmt ofpol ypept i de

sel ected fromihm%%ﬁmywmtmsmmmw%MI n of
mannosi dase gﬁ#lhe | gcal i zatr o% domai n

(3(1,2)-Nac HHoR A 15yrleet nfg%thgggmp copsisting ofcthg JosdEtsR donmi n of
lma?gozl) dal\tlze |dobie olfo&ahﬂozlaaseorl ?wamamhuon %ommﬁ olf B(1,2)-N- o f

i (1,2)-Nacet ucosanin ra an, e tion domain o
al -6 core fi t%?}gﬁ“?"ﬁ%ﬁ%r @ser}?dg:g@iﬁcépﬁ °°EaPﬂa° @I’J@?I ocal i zati on
domain is fr thyrrglrnmﬁmdﬂﬁmfeﬁswm ((rG2EH- ﬂreetoyéjgbﬁmoa@ﬂmmydft ransferase |,
or gal aetosyl transf eras . 0027] I n th r,aspect, t he
i nvention is P b‘{%& aflgthgk’% ad?‘%”’f“h%&%r“ﬁ?‘ﬁg‘ %583 Bation profile of
a pol ypept i deprgieroduaatshdimenta theomdlated Inhclg© rapidi :miquayce Mmmﬁcacrthug into the host

cell at |east Q&dngJeg{cgé%g @rFé@XEJ '3??160%"31?% e%f&?e | nventi on.

Preferably, (e or a fragnen containing the Fc
regi on of theenqbeﬂlyip@phma@atedlmclacmmwmgﬁpp@mndehhmﬁ@dr ment, the

pol ypepti de i gl Ol Rhueficel &th?%ro‘??fe@“ﬁ:%ﬂﬂeﬁﬂﬂﬁmﬁﬁ region of the

pol ypeptide. Alternatively, eptide is”a fusion protein that
includes a r e@rbeﬁme%ﬁrhvmlerﬁﬂuﬂac rorﬂese@enqeewéﬁ agplypertidpbaring G [ 0028] I n
anot her as peCe&mnddBﬁsédﬁMﬁ@iﬂléaﬁt 80 idehtichlit®dle hrfinfadiBeqiRfbelGMOduUCi NG a

pol ypeptide in gzt cell, conprising: (a) culturing a host cell
engi neer ed t&rgﬁ‘b s at Ieast one nucl eic acid encoding a fusion

pol ypept l[rdmrhaw ng1 Mﬁm&)mﬁhﬂcﬁcyﬁ\@ﬁﬁbﬁﬁﬁﬁf&ﬁ&’id m&s&armmcahdacti vity or,
alternatively 1,4)- gal act g’ﬁ% ansf ras gﬂ LVI ty, under
condi tions wH? Ejﬁn At %%CP Sb?’i‘ lglo’l ‘)’7’ ‘1 ected fromthe
group consi stmewﬂemmaoemmlbmyrmreﬂmmmMmmwyhef ragment

contal NG ! Mook BB Gr Aol SLARBL O S, Wk hickudes 2 reol on

equi valent to't re 1 on o an-irnmnu ereln 'said fusion
pol ypepti de ithe eﬁﬁP@sB@ﬂ)cWﬂeamomemtth%uf»aﬂﬁlmcerdpm@lo ebdPE@ - t he

ol i gosaccharrgﬁgt% ahélﬁ‘raéécm ﬁi‘ Mﬁg&%ﬁh@c@ﬁﬁg&ced by sai d host
cell; and (b) 1solating_ sai y eptr Preferab t he fusion

pol ypept i de ctbw&rabeeéonrwf%t"SM Byya further embodiment, the

0(1, 4) - N-acetgdgl ue&%&r&%ﬁﬁfuamsa‘eea@@%hﬂ ﬂer gr()\;p Yomsiddaef @ryl transferase

(" GaIT) and further conprises the CGolgi |ocalization domain of a

het er ol ogous lessfigition %’P%Himﬁt‘j‘P?‘fﬁé‘-’pE tH% logglizatiqneempin o B(h@Njr oup consi sti ng
of the localization donmain of marnosidase |1, the locali7ation domain of
[3(1, 2)-N-acetyl glucosam nyltransferase |, the localization domain of
mannosi dase |, the | ocalization domain of

[3(1, 2) - Nacetyl gl ucosam nyl transferase H, and the | ocalization domain of

al -6 core fucosyltransferase. In preferred enbodi nents, the pol ypeptide
produced by the host cell has increased effector function and/or increased
Fe receptor binding as a result of the nodification. In particularly
preferred enbodrnents t he |ncreased effector functron |s |ncreased

N 1 .. S o




[0029] I n anot her aspect, the invention is directed to pharnaceuti cal
conpositions conprising the antibody, antibody fragnent containing the Pc
region, or fusion polyp eptide containing the Pc region of an

i mmunogl obulin of the invention, and to the use of such a pharnmaceuti cal
conposition in the treatnent of tunors, such as cancers, or other

di sorders. In one enbodinent, the treatnent is B cell depletion by A
rimnistering a therapeutically effective anount of such a pharmaceuti cal
conposition to a patient, e.g. , Héan, in need thereof. In yet a
further aspect, the invention provides a host cell conprising an expression

://\Ect or corrp(rﬁé%i@é] ‘i?a nucl ei Bw%g:g%gg,g ((aﬂ;:etil e ,eg‘%)&*li n o?‘ﬁ{l%%—k(-)n pol ypepti de,
erein sai WW@ ’ 955"1‘?@- -%g-l ’

?Cet?/! gl upos&gﬁlquotdnﬂn?ﬁﬁaaﬁfa?@ mff i(‘_‘(gﬁm"l"),[)dh} mauwioﬁydmgl @@nprises the Golgi .
ocal i zation dongin_o i resident pol]ypeptide; and an expression
vect or conp™AEi% asﬁl’r?f]%&@géﬂ%m&dﬂ’ﬁ?’%e{ﬁééég%ﬁ Sﬂg“étae%‘?‘ypepti de, wherein
sai d pofogpspt i deinBdShefmpitg Hiegrsat ihtenfiddindhectadib avdxbigssioh Rechii €f r r ed

enbodi nents, the, fusio olégeg}(’kde caonprises the cat ab%li c domai n of

GnTill and CAEPEFEST [PHEAMPYEt PONCTBHE R ® FEMEETF ECPBLE 3 PSPt he group

consi sting @blypdptidd, ocahdraiat i el ddfosiénn qfolybbpide thes | pad-Nzat i on domai n of
GnTl, the locali,zati on.domai n .of TIl. the | ocaljzati.on domain of Mani,
and the | oc&f T8 é%ﬁ‘lgqﬁmﬁff]ﬁggt’%}%gndcc F@gﬁg‘Sgﬁﬁlﬁ%‘é&gPase. In one
enbodi nent , dvien lobs Golgk rdsidény poligseptideo rip rhs @sbodimenl freeswmesion vect or encodi ng a
pol ypepti de i [V L giidid ecul es encodi ng the
f usi on pol ya’gf# ieﬁ’g’?%a%loagﬁl&%¥%%¥?%%ﬂ%§§#%.ﬁk?ﬁrqn ag@}ﬂgﬁb ;g/]c and the

pol ypept i de arixigleysamityliransfemses Hpndthn Gelacihcabzatipmdozafrets selestedx pr essi on vectors
or the same SRPHE B Borkd B Ur the locelizaifn Q@ dF hh@B@ss28PREt the invention

is directed to a. [ conpri sing an expression vector conprising a
nucl ei ¢ aci docaretien domaig AERHPN-2eetyigladermminydrapsiapse . Bhe locdlik@ioai n sai d oi on

pol ypept i de dhasin bz 2SdhidchasilyitaishR ol Maltion dasddofi ty and conpri ses
the Golgi |ocalization domain of a ol PI resi dent_ polypeptide; and an

expr essi on \EERqsiased g thedorghzation demain of gl epreresdtpuste®at odi ng a

pol ypep{iotq, Whemehdihes aipkt,M@lpyes@ipinyahfonlia SirdiRd RS ExPRERNEcEMBN 11) activity.
In preferred enbodi mani%a trle. fuéi ongg.ol %pgﬁti de cg@ﬂngri ses the catalytic
domai n of GIPRPUIE LAY XLIGFP BEQFIZEETEA SHIFEF A af%Ped fromthe group
consi sti ng Qblybdpeidd, ddadeinzsaildi fmfondolypeptidohas N4 galattheylttaadabse zat i on domai n of
Gin the localization domai,n of, .GaTl.l .the |ocal i i on..domai n of ManT, and
the | ocali za?fa‘?v&tﬁ B PRISY B %lﬁﬁé‘(’)alfh%%bto cdg’g&mﬁc?faan??fglr 53’3‘_"& n one’

enbodi nent , polypeplidst Ircehd erhbudinivet, teoeapressws vater ergpdess fisionvect or encodi ng a

pol ypepti de i .| L. Mik: el I ul es encodi ng the
f usi on pol yd%l%ﬁpgge: c%lélémp%ﬁ{/ds%eﬁggl ?%"é“%%&?ﬁ?’ %ﬁcﬁ& g%%?f/%?%%and t he

pol ypept i de theaGplagloglizatipe domain\is sejected rfromm ig &l)@lpiqqn%'@papgthe expressi on
vectors or thessalPdGH 658 BudeCH Obe 10cARRYN dufinlodBlgIN-aspect , the

invention is directed to a host cell engineered to exPress at | east one
nucl ei ¢ aci ceaHe¥sHpndrmsires, [pdhs plepalization hdemaiy EnPU)Mhctivity and at

| east one nugltPblicRshidy@RERA Y R 1IRMMBSHoeiR ohAMinBEdaMINard T - 13- activity
in an anount_ sufficient to ify the oligosaccharides in the Pc region of
a pol ypepti &Ee%?%ﬁﬂe%@wgﬁgc%&mﬂ'&aﬁfg@ﬁ%rei n said pol ypeptide produced
by sai ddmgt cel in umtieehseitete fpraent tivenfignolsplieass tshibog @fl a whol e anti body
nol ecul e, an_anti.body fradgsrre!gt, and a fusion protein that includes a region
equi val ent t8EPHEEER PUEURKIEH HFRREEY obul i n, [0031]1n an additional
enbodi nmgdtg] t he Imnemetier espeqly the i mksent antvotidn Geditectehdp adwestectllt 0 express at

| east one nugl.ej i i i . i ing GnTl1l
activity, ategk'g‘%egetdqoﬁ’gﬁ%gg‘lqg%sc g&%&%%}c@%ﬁ%ﬂ%§ﬁ%ﬁ€§%ﬁﬁfﬁe havi ng Mann
activity anchagipg [Pt N-angiylghisesaminyltransifdase A8 o ' agtivitypapei de having GnT ||
activity in Rk fi.Gi ik i r,l des inthe Fe
region of a %gbf@p_ epttinﬁgJ &oﬁ%(@%&@o@%aﬁ!ﬁg&@%glgfl-?ﬁ%g}?.eai n said

pol ypept i de Robypentiderrodipedszyitey hag gqll, vérqmaaslpsbwe@e@@@dm%m% gr oup

consi sting of a whole antibody nol ecule, an anti body fragnment, and a fusion
protein that includes a region equivalent to the Pc region of an

i mmunogl obi n,




[0032]In a further aspect, the invention provides a host cell engineered to
express at | east one nucleic acid encoding a fusion polypeptide having Gal T
activity and at | east one nucleic acid encoding a pol ypeptide having Man 11
activity in an anount sufficient to nodify the oligosaccharides intimPc
regi on of a pol ypeptide produced by said host cell, wherein said

pol ypepti de produced by said host cell is selected fromthe group

consi sting of a whole antibody nol ecule, an anti body fragnment, and a fusion
protein that includes a region equfvalent to the Fc region of an

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

pol ypept i de beshealingseleptpdrivers the giongy congisting efawholprstibndy meleeulaétt d encodi ng a

pol ypepti de ! P I RYE : : Lc add encodi ng
apol ypepti dg&%g!\i/]{% €] Ic{)lhll éé%t?%/%?gﬁq?ﬁé%%%tﬁ?ﬁtsﬂg |eg':ient to nodify the .
ol i gosaccharsstfasiyyalenpie tedereganel apinmpnpgpiplia pkjogeemhogirreed by sai d host

cel I, wher e ssftindo DY BRI G ITQAHAS thaibhis At 198 dotfildosi S Sel ected from
t he group consisting Of a whole antibody nolecule, an antibody fragnment and :

a fusion pr8tléiicrRielposanipyEgstardy msibetnls ipstisrn fendnfa pe regi on of an
i mrunogl obi Beteroroéd’asGB@%AJ&%O%MEH&W&@&&M&W%Q”_ is directed to .
a nmethod for producjng a polypeptide in host_ cel | onprising culturing a
host cel |l efR§Ali& gy of msngesidass: Il theolo nﬁ‘%‘%i"@ﬁé@?' -encoding a fusion -
pol yg_ept i de a&i@y@mﬁia@g@ﬁ#ﬁg@&uj tivd lbdléﬁﬁdﬁd:tt@dmdjlﬁﬁﬁﬁaaﬁb’éﬂas% I.Smts! ei c 3}({:}! dh .
encodi ng a pol.ypeptide, hayi n activi nder_co i ons ich perm

t he proguct :?‘f?ﬂy%?dpnad%;?g@&%gg?ﬁy %mﬂy&%?#%egq'oﬁg Bnsi sting of IOa

whol e ant i bagtylizatdnaiomhia of @6 eipd fbagiitardisfegerent, and a fusi on protein that :

i nclude regi egui valent.to the.Pc reagion of, an_i npgl obul i n, wherein |
sai d fu@lloggA pol %e i geasp%cﬂeyﬁpﬁegeggéw%ﬁmgﬂs;&ﬁﬁ%ﬁ %sﬁﬂlpirgﬁe@nt to nodify the ‘
ol i gosaccharwngimsred (b exhmsRg leaggnomasic &l alcqipizyaeyt pdypprtdduced by said host |

cell; and i §9‘h§¢' g AL ' -gg;*iﬁ aaspect, the
invention is di Hég’?)e%mt:tgsq rre.?tﬁsgg or)E|'o°rElo1 uc%ﬂrllgn%g%o y{)g‘g?i de in a host
cel |, conpr imodifigythe aligosacehagdes inibe Fe waioh ofapplypeptide grofeseepthess at | east one
| b . . foe] . ) Uit 4 at
nucl ei ¢ aci %°§W%Q‘SP§§%%Q?”§’§”§%@ LiPnddceu REkiRAE fotl Vi ty and a

| east one a nucl éic acl po ypegtl e having Man 11 activity

under condi tgrauPeonsipting Rf kol antihod Empleeud, et andlbpdy Fagmeptrionipialsei de sel ected from
the group CeRSHcShdish)afi a RsitBbRInRE iddRE%S SBLECLHufaleNo ABFLDOdY fragnent,
and a fusion protein that includes a region equivalent to the Pc region of
an i munog| ST oh iREResidhuin Ttpne trabdrnepb by fEpR PdE R Y BBessed in an
P01 YDEpt | Q6 ol A e et el e e e patypept i do.
[0036]In an ﬂ%d@"ic’{?l 18??&?*8%3%‘5”(‘” o aﬁﬁﬁ?{?g"%g&lﬁr‘ﬁs&%ﬁ Wgypapqﬁ& ypepti de havi ng
increased Peeleedifdtrait g@iploodsiztingny the lasslizativnyloingin af teasdsidaell,, conpri si ng
enco ng - caltF Saten S S R Eptr e B B R b e
condi ti ons relidatigedvmiain ¢fhmenpesiddueck,itbnlocdlizatiop dlomppin @b PicPd2sel ect ed from t he
group consi std i Jl e i fragnment that
4 Bhuban b0l BB BAGKe %ﬁzﬁ?ﬂﬁ, dorfith B41-P Ll

i ncl uded the regl o an inmuno g erein the expression |evel
of one or bdudesyittangferaseT or Man 11 is sufficient to nodify the

ol i gosar{mmri deSpr bl B Golg HoAlath ®laf B Ho¥PmeRbLES: Ar@duced by said
host cell and wherein said polyp eptide has increased Pc-nedi ated cellul ar

cyt ot oxi ci t Plad-Nyacetyiglncpsapinyleapsderges tnrs gltemmetvely, eelapiepyivassfes®s- ng sai d po
&pept i depogvi Ng inksdtRREpEL Bepredit at@totiebitddleato aGitionbsligesddey. - 15- [0037] In
another - aspect, ke, R e3SL AINEILL 90 L Srfllgeg' ei 19, & TR hod (o

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

embodiment, the fusion polypeptides of the invention comprise the catalytic
domain of §(1,4)-N-acetylglucosaminylivansferase I, In another embodiment,



produci ng a pol ypeptide in a host cell, conprising: (a) culturing a host
cell engineered to express at |east one nucleic acid encoding a pol ypeptide
havi ng aMarnosi dase Il activity under conditions which permt the
production of a polyp eptide selected fromthe group consisting of a whole
anti body nol ecule, an antibody fragnent, and a fusion protein that includes
a region equivalent to the Fc region of an inmunogl obulin, wherein said

pol ypepti de havi ng a- Mannosi dase activity is expressed in an anount
sufficient to nodify the oligosacché?ides in the Pc region of said

pol ypepti de produced by said host cell; and (b) isolating said polypeptide
produced by said host cell. [0038]In another aspect, the present invention

is directed t6&osdecalizaion domgings aplerted: ome fisr Baw 9psistisg of e nucl ei ¢ aci d
encodi ng a poloy4liegioh demiia i MenroNBRR OS tdasalizatidn ddtainvéd p(1,pyader condi tions
whi ch permt, the productjon_of mgé%ﬁegti%e sel ected fromthe group

consi sting of 3&Y, semipyiransferse hifie zetion,domain of gypRPsidpss it | and a fusion
pr ot ei nI tgalt _ ioﬁﬁli\l:kiﬁéﬁsc_ioﬁtahegi ﬂm,zrﬂ%&ﬁglgﬁﬁsﬁﬁﬁy]&hﬁfeﬁﬁemm%@ﬁ%@f alnI o

i munogl obul i wherein.s pol ypept.i de.  havi ng ct- Mai nosi dase activity
i s expressed F’f?hﬁ?:‘"ﬁ gf‘é’ﬂﬁﬁ‘@if&‘f%ﬁ?aﬁs%ﬁrfy the ol i gosaccharides in the
Fe rﬁgi orfea2R] sai d Ipabipepietitte gresastieenti 'olﬂj/sdcﬁ-aiteﬁbdmmld '0rQﬁ1ybep[jﬁ)é)391ljn yet uced
anot her aspect, .t resent. i nvention i irect t 0..pO|. epti des produce
by such host %&%Eﬁ"ﬁ'&%&éﬂ%‘ v mﬂqﬁﬁi%@%ﬁﬁsﬂﬁﬂgﬂéﬁ% ef f ect or
functi on and/dmaimafradetewidgdic Golpt epitiat pdlypediideg inseazmbatmért, thf sai d nodifi ed

ol i gosacchari - . . E 0 FhG 1.

MALDI / TOF- M5 %%E%Frﬁ @ﬁ*%ggho foglzéia%@ﬁéél e mm%ﬂl le%ﬂl\’/%"d from
reconbi nant, eaRstedikdnsidragen drengthgreobaginert chedylgidovelizaBEiompigdl ant i body
proddced in Née!l%cte@ﬁ&&x&e\éﬁﬁ ohdi @5 bEAE Rdaidhion dGhil S AhndSHRE RS ST ON vect or

PETR1502. Anti body was purified ?rom cul ture nedi um and ol I gosacchari des

wer e prepar edthanigcairiog Ademaigsofy 86 e Nrsatylsicesamingbrensferass L 8% Met hods
section of Exppai;fiok domnit &f rdafdiddsE1Ghe 10ckBMidA dbolddn MB(BRagE rum of neutral

ol i gosaccharide m x derived _from reconbi nant, %I ycoengi neered anti-CD201gGL
ant i body pr odtfeRtelicesapppikansinisy ds 2aq) ts lorplizetion dpapie o &8¢ ®Hcoding wild type
("W n) GnTLI Bheélusfors.e co-transfected with anti body expression vector

pPETR1502 with El, expression,vector pETR1166. ti hody was purified
from cul t@ﬁg] medi u%ﬁlyo%éi%%ﬁﬁ?% 13 g pepos a‘i&ﬁﬁm?/inal yzed as
descri bed i n pihe)-Nekeaylglatsanindtrddefefaeds IS eCGaTr) obr, Eahemitively, [ 0042] FI G 3.
MALDI / TOE- M5 trumof ne | oligosaccharide m x derived from

reconbi nant, %goggﬁaﬁf%rg%e&e%&gﬁti -CD20 1gGlL anti body produced in BHK

engi neer d8024] t h a Imaudter espad, e presontl invgntwnfisi dirested po kyptipdifde (" 01- GITTII ")
W th &TM act i i b rodl I 16 i ;nagﬁgng Lon domain. Cells
were co-t ransgﬂéﬁ%‘@quﬁg?%ﬁ%ﬁh@%&%iaé‘%%‘g%"for p'_ETIg‘%%éZ) and with GhTEl
expressi on veB}ashviprpmpdsie, caliysing b beiy cakkes thsdnvontiondn a ediym uadet t ur e nedi um and

ol i gosaccht ui deindky foRing RY SfreaitA FHR Yh8tic 38id ¢RREinE BRudish t he Material s
and Met hods section of Exanple 1. [0043]FlG 4. MALDFTOE- M5_spectrum of
neutral olig oBelWreptideianfiregoyeing the fusion polypeéptide from the resultant culture. In

one embodiment, the fusion polypeplide comprises the catalytic domain of
B(1,4)-N-acetylglucosaminyltransferase Il. Preferably, the fusion polypeptide

comprises the Golgi localization domain of a beterologous Golgi resident
polypeptide selected from the group consisting of the localization domain of
mannosidase 11, the localization domain of  PB(1,2)-N-
acetylglucosaminyltransferase I, the localization domain of mannosidase I, the
localization domain of B(1,2)-N-acetylglucosaminyltransferase II, and the
localization domain of al-6 core fucosyltransferase.



derived from reconbi nant, glycoengi neered anti-CD20 | gGl anti body produced
in MK engineered with a nucleic acid encoding a fusion pol ypeptide ("M-
GhTIII") with GaTlIl activity and localized via a Gol gi

al phamannosi dasel | (Manl1)-CGol gi | ocalization domain. Cells were
co-transfected with anti body expression vector pETRL1502 and with G an
expression vector pETR1506. Antibody was purified fromculture nmedi um and
ol i gosacchari des were prepared and anal yzed as described in the Materials
and Met hods section of Exanple 1. [®®44]FIG 5. MALDI/ TOF- M5 spectrum of
neutral oligosaccharide m x derived fromreconbi nant, unnodified

(non- gjycoenglneered) anti-CD20 1EO1 anti bod produced i n BEK293- EBNA

cel I's. CA9928] wer eIt aunther aspecd dhewpressniimyenionls disepied tsh msthpéderor pETR1520.
Ant i body vas. gk Gt Buigitbbdd ovilk HLip @RReOld:ARsaE GRS ver e

prepared and ‘anal yzed as describ terials and Met'hods section of
Exanpl e 1. [oowsfismasuuringabot ceiat theinvspricatin amediem redst vaaditions gosacchar i de

m x derived fJiRgng e saamffhewumeiesa@wa&ﬁﬁ@ﬁa&ﬂpo (gfiab gfal anti body
produced -17- in BE 93- EBNA engi neered w a nuclei'c_acid encoding a

fusi on pol ypeptavers( thep -fesion pelyneptidet forori |resuliant icylture, alRdoncocal i zed via a
Gol gi  al phamegiegireRs@k kusivh Béileptda| cBinprisee Ak LA - HomaARBN;4)Cel | s wer e

co- transfectg&wth ant i bo%¥ E}hesm on vectaor pE@é‘egftf%%‘gthh GnT111
expressi on v YHE”F"%“% "é“‘;(b Rﬂg’g epbids PR | ture nmedi um
and ofi gosacmbaamtaﬁe@dmnﬁafamaaamﬂm@a@namdny eitide Skt edifoad i n the

Mat eri al s and, Met hods I 04 Fl G?. LDI / TOF- M5
spectra of nellt B™ o"lD 50 I"fﬁ? ﬁ?fg}(zﬁ@ g‘@?ﬂ% s Onbnant |

gl y(r:fengl nleerlechlmgndoﬁﬁaﬂﬂ:fB@@N?nmlyawyanrinﬁﬁnﬁegsem(meﬂﬁm&n:zﬁm _enﬁi gren_?_lr Ield
with’a nucleig¢_acid_.enc a . fusion polypeptide wi t
activity and lfc’oc i z a\llulqozﬁ'l}lgse“CSO1 g ?opr%law&g 0&3| daset N%&}EC}I}I p- Gol gi

| ocal i nti on deetglighicos@ainylgansterage Hpand tn dbcelizatich derdin afml—ﬁoasi;ﬂ expressi on

vect or pETR15g0, Qﬂgzs}@h%g] expression vector pETR1519. Antibody was purified
fromcul ture meatum ana ol | gosacchari des were prepared and anal yzed as

descri bed®2fl t he Reefesablyalths Goel lmhzmrsdm 1so?wnofnmmad¢sﬁé1 a (a)

A i gosacchari anﬁﬂ%gﬁ s with no
addlgtl onal engg :a%&%lgg%%rre Sm’re% I gosaccharl dagk'cic@é|1 e of
PNGaseFr d#®83ke ol #m@%wnﬂwgglvm#wéﬁweﬁdg@ﬂ :uﬁdlémm [ 0047] FI G 8.
(a) Schenati cyp@agddion ptddil &f a b&l?pe?ﬁﬂio%bcﬁﬁé@i:)‘a’ 7 @t Hefl @8 pi§in O

r

ollgosaccha2|des EndoH can dj id (and hybrid blsected), but not

conpl ex or coWB?dé‘Sim%‘F‘?é'&h@ﬂ“ﬂl W&H‘éﬂ?ﬁf@”’%ﬁ“@&“ﬁﬁ%ﬁ%w shi ng bet ween
conpl ex- and iﬂy@ﬁd)rdP&Ydﬁlﬁﬁbwaﬂg@&&,ﬁaﬁﬁ&ﬁh&b&f@me al lows to meke

ff’f[:]g;u:ﬁlthe gnmen to oI I @os CChf’bf“ﬁ%ﬁ’l efa"é%u"fni‘kh hlénhav tgﬁezggg rai z

tr eat ment . [ﬂﬂy@ﬂﬂudb?hﬂgm odrut frdpomnt- tﬂepx&"rudntmhmgelhel ¥d segios yof aieoxi ci ty ( ADCC)

f "GL - Cnill f ti-CD20
ghl meric | gGL ﬁ%@@%ﬁ?@%gﬁaﬁ%eﬁgﬁwg& ﬁ‘végn Ipr og}%l(t:e&g&?n %EKI cells.
Product i on anwgigh sauivslghtas thoFe negiof ¢fladwmbn Ige gl ycoengi nereed anti body is
d ted f . T t
epi ct ed fodyef 9. %&Bﬂé,ﬁ&é@mgfnmﬂng%@&a th &he Bl 1P Bilucify I~ O ar ge

cells (T) were SICCV6. 4 |'astoid:ce ector ceIIs (E) were

freshl y-i sol abdxpertidainn ioshgell, compising: (@t ¢udfudne aiwsteelhangingstsditd n a 4- hour

i ncubati on AD&Q;@ssasﬁmmaﬁa@lemeﬁmggm%wyﬂmdem@gm Aelydrogenase (LDH)

rel ease relative to a maxi -
acetylglucosaminyltrans erase IT.[ activity or, ealtematively, (({1.4)-

gelactosyltransferase (“GalT™) activity, under conditions which permit the
production of a polypeptide selected from the group consisting of a whole
antibody molecule, an antibody fragment containing the Fc region, and a fusion
protein that includes a region equivalent to the Fe region of an immunoglobulin,
wherein said fusion polypeptide is expressed in an amount sufficient to modify



rel ease (using a detergent instead of antibody) and a spontaneous rel ease
(culture mediuminstead of antibody) controls. Assay details are described
in Materials and Methods section of Exanple L [0049]FI G 10.

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

GhTlI1"-gl ycoengi neered vs. unnodified reconbi nant, anti-CD20 chineric 1gGl
anti bodi es. Both antibodi es were produced in HEK293-EBNA cells. Production
and gl ycosylation profile of the glicoenginereed antibody is depicted in
Fig. 6 and those of the unnodified - htibody in Fig. 5. Target cells (T)
were SKW6. 4 human | ynphobl astoid cells. Effector cells (E) were
freshly-isolated human PBMC. An E:T ratio of 25:1 was used in a 4-hour

i ncubat i on ADR%Pligesasspanqes By ths Fegeaigprab sadd palypentids profuced by saiddiesty dr ogenase ( LDH)

rel ease rel atdeMeaddQpisHRids il JoBpGRaE PN, HelBliG! PoYeplidast ead of
anti body) and a spontaneous rel ease (culturé nmedi uminstead of anti body)

controls. ASS%FPB@E@FF@WQO{H@%WK “WW@FWE‘%“RE%OQS. section of
ExwgnploﬁTi-E [Qflﬁm@a@_oﬂﬁtwﬁ?ﬁéebmvf?p&gg?ﬂ&eﬁﬁbﬁmﬁsﬁ_156"[@51%(' Ci t?/rb _(ADCtC) of
"M2- r- oengl neer VS, "W - 11" - gl ycoengi neered reconbi nant,
ant | D20 chi iefEtpRgsma s beeplogons Eaﬁ]%rea%wmmge §dseled BPBduced in BHK
cel E dPr oducthé %Fbuﬁd%nﬂhMEQﬁwhﬁudcgl&aﬁcﬁpﬁ&dufﬁ oF EﬁalﬂﬁggMBgeQI,TBiel- gl ycoengi ner ged
anti body is depi.cted,in,Fi 4 and those .of the -GnTl | | - gl ycoengi neere
2t body i 1 Hegieiet dorpinar B o NS R N RN b et of d

cel I s. Eff ectdomainel dfs ofdopositiesee If r ths hlloeslizatidnat dachataunsdn PARNIN- An E: T rati o of
25:1 was used i - ho i pcubat i on,, A .assay measur | ytotoxicity by

| actate dehyaarc%tgléjr‘i%és}saemflﬁmspefaé gagnedqtrhgl arrvent éoném%ﬁﬁfdﬁg%or%el ease (using a
det eggent i nsheayltrgiesnd. i JoorfEredembodinepislicpobpeptide redduasidyfheul t ur e medi um

i nst ead of an| : ' i in Materials and
Vot hods sect | oy IaisEBl i Sor AN33Y ol i Jodtsieela biif

"M2- GnTl O gl yevngihnmediSeption In partievlirly pefredashebimsatathe ispieapedCD20 chi meri ¢

I gGL ant i bodi @i QiGN THRBREAr L BEHIQE IR oo fld litreafi@liflargnt | bodi es were
produced in HEK293-EBNA cells. Production and g_l gjggosyl atiron profile of the
gl ycoengi ner e a%sHs, Bergyped bindingdp mpcaephpges.incgrased biatige O M9geSYl®: t he unnodifi ed
antibody in Fhgeasst binti icfsHoRBorRiSIeR YelMasrdaRh hikeReaidg @&z | bed in the

Mat erial s and Met hods sec¢tiqn of Exanple 1. Human MC cells expressing
FcgammaRf f | a W@?&%W%ﬁéﬁﬂéﬁ‘ﬁmﬁﬁpﬁﬁ oRpapdloriinggrese d pel PEIARG - 19- donor of
a genotype knehefkireakdd mrrwémﬂmaﬂmbih&ﬁwtaﬁm‘c@ﬁgﬁmg Eomézygous }‘Qlolr
a gene vari ant that contalil ang Ln-tranme stop.codgn. w.thin the Fcgarnm c
codi ng sequerﬁ‘f%"'}’{.‘?’r &gﬁ@ ?‘ip‘gﬁﬁegﬁfﬂb&o?’@%gﬁ@d‘? W&'g’hntéqgt’ﬁmﬁfélasur ed by FACS
usi ng an FI TGffettedfahdtien amirfvt incdaasadifc rbgflopbinditptsian shtitagpmatibody-ncr eases with

t he anount of i i h el ls.-Bi nding detected
inthis assayfn{gg1 %%tn%gjr% %B%ﬁ?gg%\e{uﬁ ?@&aeé&é&eer?gtﬁ% Fg égl(? . Bt;/a%use of a

conpet i ng Fcgammegldbukin sppdc ibis enaiincieprsdy pfopertiorerif  pondcoflaled 13) . 100521 FI G
13. Bindi ng 0Ofee (3 " l.ygoengi neered vs. unnodified reconbi nant,

anti - CD20 chi%?giygch&gd%inﬁ?%gyd@és to FcganmaRffla receptor on NK cells in
the presdf@8l of i Htraaeiberngspedndenigventionnis éireckd clonplarmergutiselt i FcgammaRl | a

ant i body fr agiRpbsiRek RohEoRhd @b iriBRE FEmWR centRhmgiead i n BEK293- EBNA
cells. Production and glycosylation profile of the gI%coen i hereed anti body

i s depicted iWeeR g ogoy & gonfpning {he Ketpmon of pupoupedebyiRot n Fig. 5. The
bi ndi ng assayth¥asrehf Qidne dhesse GE S6dhi D pihrhReitha Map&itionlis tand Met hods

section of Ex | e but co-incubat.i th ifie K cells with

r econbi nant a%%&b‘{}%ﬁ?g”éﬁmgs’fqrﬁ%?’dé%ﬁﬁfg'#P’éet@gﬂylﬁ‘f’nﬁ’gmug/ ml) and with
i ncreasi ng anteatnzent/it B gelbdepletimby adntinigeri(geaterageumipdly efffctcongeatt ng 3G3- Fab2
anti - Fcgamma ntibody fr t). Humpn NK cel | s. e i-ng Fcgamal tl| aa
receptor on t eSFC;%a?h&?ﬁ%@“ﬁgor%g‘glp%%fléﬁ?ng?n#’g'ﬁ’g%hgrnégiﬁe%&éenotype known
not to produce FcidmystaRinhe asmectetht mwention proyidésarost yelowmpfignga gene vari ant

t hat contai ns I - ] C WM L:RI ggﬁgrg .] ¢ codi ng
sequence) . Ge%xﬁ%fslrléﬁcwﬁgogﬁmﬁl%%fge%gg&n%%ma{nﬁtlgﬂéﬁ%y%i e su?r'e%d‘J nby FACS usi ng an
FI TG | abel | edpodypeptidiumavhetedG apiti bbdipnf r agypsptide | hey edB{b®-N t h t he anount

of reconbi nant anti body bound to the NK cells. 100531FI G 14. MALDI/ TOE- M5
spectra of neutral oligosaccharide m xtures derived fromreconbi nant, |gGlL
"L19" anti bodi es recogni zing ED-B+ i sof orm of fibronectin and produced in
HEI C293- EBNA cells. (a) Unnodified antibody produced in HEI C293-EBNA cells
transfected with anti body expression vector pETR1546. (b)

M2- GhTM gl ycoengi neered anti body produced in TIEI C293- EBNA cells
co-transfected with anti body expression vector pETR1546 and CnTEI
expression vector pETR1519. Both anti bodies were purified fromculture

medi um by protein A affinity chromat ography foll owed by size-excl usion

- o, o, o NN PN o, A 1 M




[0054] FI G 15. Binding of "M2-Cnill11"-glycoengi neered vs. unnodified

reconbi nant, anti-ED B+fibronectin IgGl anti bodi es to FcgammaRTI b recept or
on Raji human | ynphoma cells. Both antibodi es were produced in HEK293- EBNA
cells. Production and glycosylation profile of the glycoengi nereed anti body
is depicted in Fig. 14b and those of the unnodified antibody inFig. 14a.
The bi ndi ng assay was perfornmed as described in the Materials and Mt hods
section of Exanple 1. Geonetric nean fluorescence intensity, measured by
FACS using an FI TC-| abel | ed anti-hudn 1 gG anti body fragment, increases

wi th the anount of reconbi nant antlbody bound to the Raji B-cell |ynphoma
cells. [0055] FIG 16. Binding of "M-Cnlir-glycoengi neered vs. unnodified

reconmbi nant, A% ‘@%WWWEHMHHWW@&%GQ@W@? AAERDI a receptor on

NK cells frorﬂo@m&{u%ﬁ%mmdeﬁ@eah rémtun pa@f,epma%ﬁﬁauvebess%m&sﬁd i n HEK293-
EEI NA cells. Production and ycosyl ation profile of the gﬂé&;coengl ner eed
8

anti body is d@ﬁ%P&F@EialfﬁClFng‘C %ﬂ etm%n&)walamﬁ%dmeéu tibody in Fig.

5. The bi ndi nghy héé’%&nr&&"ﬂis@ﬂfm@nﬁﬁa SRSC td Jahel BrmbdaindMRltey | @l s and
Met hods section le 1. Human NK cell s expr essi %%chammRna receptor

on their surf%‘é‘@nwélm‘i‘ SOBPEYS theptalyin dpmain pf ol pnd Bown not to
produce Fcganwediaatiof A6RiiRls delect®d from IBDEMPUSEsidtiAE ofthg q6tAliMAGd ant t hat

contains an in- fra on,. wi t hi,n {t FcgammaRl | ¢ cadi pg sequence)

Two donors wef%® a?betgefﬂﬁg‘ﬁ Sogne ggq“g%@“i%%?\?n dpnEn e E affinity"

vari ant of thenﬁng&nmmhm doﬁﬁ&pifManI ethelobedibationdodgin of ¢-1,6er e genotyped as
158V/ F heteroz r .t he 158V-"hi.gher

158F-"1 ower - #gﬁ"wﬁmﬁ (i an{}”’“%‘fm'i 8%%%%&%‘:858?5(%&“ Geonetric nmean
1I‘I goges_@gnge exptessigi viestor qmmﬂaaubl)tpyptﬁé\ﬁﬁmgﬂnﬂ‘@ E&hﬂl‘:c_’?l TBe havitedd | ed ant i E)hgman
g nt i body gﬂ;ﬁ@‘h ant anti body
bound to the ﬁéﬂce I's r%l?ﬁl%%% 19%%{?‘?%&??&@%%;&335&&

FcgammaRBI a- s#riiwit, jaed @spdmh@hﬂamem ad@@?o@ﬁﬂeﬁa@obm@t te

FcganmmaRDI a- s%pegldncve@fggbmg ke eARIEDL vdeeee Fig. 13). [0056] FIG 17. FACS
anal ysi s oftruncat ed- Ch4 MWS exp re55| on of (a) MK- 1502-28 (wld type)

and, (b) clone BH@@@@@U@GL@Hmﬂlzmlvcrgpwélr@ﬁgtwéeﬁtéﬂ;cmm chineric

anti - CD20 | 9Gln aipbdpAdictdy QEiing aGlbibic labifl @fotechy Qﬁ&&ﬁ?@ﬁﬁtﬁn tCh4 is
operably-linked to M2-GnTI | expression via an PRES el enent in pETRL537

Tl 11 expr esBBHPtfechsreikiaid fm“%“”f' RAyReplifiedag Bd4)-gplactosylirmdierastt  mar ker for

GhTDI  expr fSS(@mm aé@ﬁﬂaﬂﬁﬁh:ﬂ%@f@éGb@lﬁ@Muéﬂdéﬁﬁﬁ%@@G@@ redideanSi ties were,
respectively,

[ 7.6.and 19.9 for the coengi neer ed d 4.7 and 4.1 for the
wild type cel ?‘%Yﬂ WO@S?T%%W"M S’Bg g H‘Pr]ieﬁ’ze neutr al
ol i gosacchari elmdﬂg(apﬂmepﬁde |Wﬂuﬁsﬁﬂ@b%pﬁﬁﬁ'ﬁhﬁ@h@ﬁﬁdﬂ9gﬂ@@iﬂﬂ reconbi nant,
anti - CD20 Chl i_b [OQUCeC Bl 150 8- cell line.
Cell line, anti bjgfiy&'9 ref??%g??%m%ﬁsdqlol ig jOs c(’:l%e%%}edceﬂ%rgpaﬂr}%tl on and
anal ysis are mmnmwmw&mmmmmmmmm of Exanple 1.

0058] FI G 19. g{%}@ Jel=leli Ug%m ﬁggﬂ[[g e m xture
E:Ienv!ad byP selF reI %@eeqoll aggtgacc ari des gﬁ?cfurtﬁ%ﬁghbgsti on with
EndoH, from W@W%%@W@&W@%ﬁ%ﬁlmaﬂ@ﬁ chinmeric IgGL

ant i bodypr oduggdiziok dbthdfn M?s@&eﬂw@ﬁ}aﬁsféﬂsee In &Rlelnbbdifent, the
anti bodypurification and ollﬁgosaccharl de pr g aration and anal ysis are

descri bed in pestoeryyTileT COMRIISSH B YRIeRRPG Yot cRcoBiRE APolpBERSIhaVI¥E [ 0059] FI G 20.
Bi ndi ng of " M2nTidotivity. Tgémﬁmeagmeamﬂsmmmmiohpagpepﬁ@gﬁml nant,

anti-CD20 chi r|c ti.podi es, od ce sta lines, to

Fcgar nmaRi aa P 45% %ﬁ%f‘"g"." ‘“@D%PC W’&ﬂ%ﬁ“‘ﬂﬁ f‘i[@':%w t he

gl ycoengi ner eea eaahthehmﬂgmdtse:@twsiwmieﬂoﬁbghesaﬁﬁe)q:nﬂsmﬁvecfbhe bi ndi ng assay was
performed as described in the Materials and Methods section of Exanple 1.

Human NEC cel | s expressing FcganmaRIfla receptor on their surface were
i sol at ed ﬂ)039in a ddme furthér aspegfethe inyentiok isdinertadde 2 hast phlougivereRdgammarl | ¢

recept or ; 1 an in-frame

S op codon i FRFE: e Batiaelor oRShfis  Abtof Rl gl B0 20 0

fl uorescence pativishaidtay leasions graleic iyd @neling s polypeptidetbayios Mapdl | ed ant i - human
| gG anti body fragnent, increases with the anount of reconbi nant anti body
bound to the NK cells. Binding detected in this assay is

FcgammaRI Cl a- speci fic as denonstrated by use of a conpeting

FcganunaRBI a- specific anti body fragnent (see Fig. 13). [0060] FI G 21.

Compl enent - medi ated lysis (CWM) of "M2-GnTlI1"- glycoengi neered vs.

unnodi fied reconbi nant, anti-CD20 chineric |gGlL



-22- antibodies. Both antibodi es were produced in HEK293- EBNA cel | s.
Production and glycosylation profile of the glycoengi nereed anti body is
depicted in Fig. 6 and those of the unnodified antibody in Fig. 5. Target
cells (T) were SKW5.4 human | ynphobl astoid cells. Human conpl enent was used
for the assay. Lysis was neasured by LDH rel ease. Assay details are
described in Materials and Met hods section of Exanple 1. [0061] FI G 22.
MALDUTOF- M5 spectra of neutral oligosaccharide m xtures derived from
reconbi nant, chimeric IgGlL "C225" an®i bodi es, recognizing human epi der nal
grow h factor receptor (EG-R), andproduced in 11EX293-EBNA cells. (a)
Unnodi fied anti body produced in BEEK293-EBNA cells transfected with

ant i body expr &§ibon avesonghsuf§cirs foagpdify iy pizoszetharides githedis easigh aer ed ant i body

produced in Fgﬁ -ﬁ@%a&%ﬁ@ﬁ%@ﬁéﬁﬁ&&ﬁ%%ﬁ% PhbBREY,eXPr essi on

vect or pETRURSI and” G1TLI T expression vector TR1519. Both anti bodi es
were purifi edsaidhoprcellis slpeted Fumfbamoronvttios af sabalerntitpdymelerrismat ogr aphy

fol | oned by sanzasﬁ&gagh@@ﬂ@ﬁ@{@%ﬁmmﬁa&%@naﬁu&twﬂéx200 matrix
(Amer sham exchangi n he buffer to phosphate buffered saline (PBS).

O i gosacchar i Bessigpefen papegleblitand anal yzed as described in the Materials

and Net hqggsipect | o aaf adEesm®! oabdambR 0B il &tias prodiabd ROKbYr dgpendent cel | ul ar
cytotoxicity (ADCC) . of "M2- GnT111"- gl ycoengi neenad vs. unnodified

recombi nant, S RIOR¥RIRTS Rilepst ofeqieglete @eid sncoding p Gisten #elyPeBEET, ant i bodi es
wer e pr oducedhdvibgoERP2HEBNG Iagtlohénuclicacld ehdodifig apslyrsbiideaswigt i on profile of

t he gl ycoengi r%% ntibody is depicted j.n Fig. 2 an se of the
unnodi fi ed an&e‘aﬁlﬁ V’ﬁ’@%ﬁ@“ﬁﬁﬁm ?EPCQ‘&“ gl@“?‘ﬁ“ ?véng%“%gfl) hunan
squaiﬁnous c ar adtimigynia acehdust s(HGAE hielify i O0beitharids tngldForegivabf s (E) were
freshly-isol a PB E: atia of. 25 1 sed in a 4-hour

i ncubati on A&%qggéﬁé@gﬁ%%xsﬁ@h@vg%ﬁg%rﬁ?@d%)??'pf%ég?grt e“cﬁ‘gwydrogenase ( LDH)
rel ease rel at saidhostoelis srteciedfrom the brogs@ngistng o whofettthodiondlecilest ead of

anti body) and h@%gﬁp r J i g%ggﬂ of anti body)
controls. Assggaﬂg_%?gl _ af%%%*@??‘%é%‘%ﬁ%‘?%??%ﬁ@ﬁ% VBt hods section of
Exanpl e 1. [ 0BeRgirt ¢fanymunpglebinycl ei ¢ aci d sequence and anmino acid

sequence, pg@ppect imlmepsﬁpw,%é\/ﬁmﬁ%ﬁgmeémm bdgirdettsd @ Pol ypepti de of
the invention. -23- [0064]FI'G 25. The nucleic acid sequence and am no

aci d sequenceSxPrESHdesst qpe mycleip pcig ppsodipgra fusion eatyrepiderhaving (B pol ypept i de of

the i nvent i ongc@P&] at Fat &6 nudd-RAFFHEEM SpSipRphdewavies Magut T al
ol i gosaccharide mx fromthe unnodifi (@’g ‘,reconb_l nant C2B8 anti - CD20
(4]

chimeric | gGLANY 1 gpppouutsyificient iaodify thy oligpsaophiapdes i thedicpeeioBPt s t r ansf ect ed
W th anti bodya potfepiids ipfdducéd By faid hpdt $R] wB&ein Sl podpeitidemSdRed by | ed from

“n the et er | BHORR 8 RETRGACOE LB Op B e TS S P RUBRRReG 27
MALDI / TOF- M5 Spatbady fragient) endtarfigion plotefyoBa inctodas  chgiomequivalent to the
Fc region of an immunoglobin,

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

Fc region of an immunoglobin.




derived fromreconbi nant, glycoengi neered C2138 anti-CD20 chineric |gGl
anti body ("Cbrt") produced in HEK293-1113NA cells co-transfected with

anti body expression vector pETRI 520 and fusion Cmllif pol ypeptide
expression vector (pETR1519). Antibody was purified fromculture nedi um and
ol i gosacchari des were prepared and anal yzed as described in the Materials
and Met hods section of Exanple 5. (A) digosaccharide profile of

PNGaseF-rel ease oligosaccharides with no additional enzymatic treatnent.

(B) Oigosaccharide profile of PNGaséFrel ease oligosaccharides further

di gested with EndoH [00671FI G 28. MALDIt TOF- M5 spectrum of neutra
ollgosaccharlde m x derived fromreconbi nant, e‘zcoenglneered C288

ant i - 00201083 rer i dn p roherssertyibepveations irpried d e Bethodforamedupioga EBNA cel | s
co-transf ect edoiphdhiidedns k2N, o@ﬁiﬁ{sﬁ.%lm&ﬁnymls%n BlsTiRbred(d exprétsi On (3=

pol ypepti de expressi on vector and mannosi dase 11 pol ypepti de

expressi on vedtlEast qus apgig a‘“%ﬁ‘ﬁ?%d}f“%@é’ﬁ %@W@ﬁ’réﬂlaﬁﬂt@ nmedi um and

ol i gosacchari dﬁﬁat\mﬁt%aésaadlﬁdacﬂ% |aé% Maf:ﬂaéﬂw he Materials
and Met hods secti on_of anpl e osaccharl e of

PI NIl GaseF-r el &% °°BF‘P€}5§’§E?BH%‘P’FH@§W?“H“ P&E’H‘?PPF%‘?QF"" Wﬁtl c treatnent.
i hest 305f”‘h’@‘E‘“ddﬁs‘@ﬁ%f“é’?e’ﬁ‘fiﬁzﬁmﬁngﬁé*ﬁb’mﬁm&yg‘@mﬂ‘ﬁ? Byt ot oxi

i gested with EndoH., | ] tibo e nt_ce ar cytotoxicity
(AD00) e at SRy Bt BOikR 15 €890 ANHEOIPAE SFyESTE Ahieer o by
expression i niﬂﬂEiﬁRw@IBbu]ﬁBM@erﬁﬁlsdﬁﬁﬂi‘bn@ol&p@hﬂ e eﬁﬂ-esdedaﬂmﬂdjna@ta ManTI - G1TI f f

fusion pol ypept whe L1Ll, cat ticC. i.s localized via
t heMann Gol gi oca %% ‘L%tﬁeo Chan ﬁé'rnetﬁ? e HPFBB@? %encodl ng nucl ei c

acid s expr e:ps:é@heébymhmﬂtasdmlmnng(sadlpalmmﬂe(:brt) or co-expressed in the

ti Hod Manl E
oot 151 nRIE o e aps b tentld el S bRERRE 1T, Ot Fboy
( ow ") produ@ddp@hdq%m@ﬂmmmgl@mﬂ&h@fﬁé@ﬂWﬁtoamfﬁbody expressi on

"vector pETRléﬁQastﬁéwel%m%éo&ngaﬁm%&ﬁy eDRA hhvind BB ididbySm@nd Met hods
section of Exanple 1 FcganmmaRBl a_recept or "bi ndi ng of

chineric anti a@ﬁﬂ)"nﬁHPF%%%}?%@@?%G@HQPW%%WBMBEM‘%@WB‘?‘FI i n BEK293- EBNA

cells of a nu%ﬂltﬁanﬁ%&;ﬁﬁﬁﬂﬂéﬂ&iuahd%Nbo@}@pddbledé%HﬁBml&ﬁ'gbbﬁﬁpt| de, where
the Gnl Tl catalétlc dorralnlslwflllze via_the Mann ol | ocal i zati on

domai n, wher e PHETESFCHPIa 3oL Fwgteqye. o @ptiody Fegmpnp andg ’Qgsed ei ther on
its onn (ant L@aﬁgﬁl lﬁftﬁﬂcludév’arégihﬁﬁd ﬁ{éﬂ@sa(ﬂwﬂaﬁgt@om{mﬁmﬂ:}g@mﬂum ng_ fel ljs
together wt nucl.ei.c. aci.d e 0|n unnodi fi ed,

r ecombi nant e’&ﬁ?‘ﬁﬁﬁﬂﬂﬁcﬂ@ﬁ’ i %‘p%&gme?ﬂg’?‘g%ﬁf/“%m 'i‘,\,\fm’?‘c’l’égf?’oduced in
BEK293- EBNA c dhd digtspahsidecin éat Poadglon afaidpotypeptidppredsedy ssidhbssr pETR1520. The
bi ndi ng assay g ﬁ%‘ﬂﬁ%@&"ﬁf@’i@ﬁ?c” bed in the Materials and Met hods

section of Exanpl 1s expressing FcganmaRDI a receptor on
their sur {8 wer eliasafiditiesg] fspesinaancthod dor roddueing e polypapedddsing not to produce

FoganunaR! | ¢ GREARHEE wolini sol AL IG Bt SCRABINAY diliHg kD2l contains an

in-frame stop codon wthin the FCgammaRl [ ¢ codi ng gjence . Geonetric nean
f1 uor escence ibAf &ptkogipeersdey sxpreg)at Pch%rsqaﬁglea?PdErz #ed anti-human

| gG anti body fi¢as0dH8 Hueleik Q&B%ﬂ&ﬁ&gw&hﬂtuh&r%ﬁmﬁ&zs Qfmch%ﬂbth@ant ant i body
bound to the NK ce|ls. B%I ﬁ tetedlnthls ass, fe

FcgammaRi f | a- FFEHEGIOR ©f 2PolyBrRYAS oleq J‘°B’ythﬁ§é°“8f°°¥‘85'6¥rﬁ § Whgle

FcgamaRl f | a- &ﬁﬂfbﬂi lumleanﬂé i dnQilyibolly dggremt n{asmelu&'ddgthe F3YegidnOide@] FI G 31.

Conpl enent - nedji at e XL.CLty of .c | c ant odi es

gl ycoengi neer d2UBRF g E h‘ X’ﬁ’ Rﬁf’rbg{hl g%?oaﬂtmuigl eic acid
encodi ng a Maridsficiet th moﬂxﬁ',s&l@ohgpsabqhmamdkmmfsmépmﬁda catal ytic
domain is |oc t ' where the
Montt G na- encgalcrid ﬁ%grﬁfc 'ejiﬂégta%ﬁ%}“li é%‘lzer%hr%ggﬁh%’@%g% %ﬁ@iﬁ%d;'F%m (anti body
Cbrt) or co- empnd@wedlulancmwmatmsafeﬁdgtotﬂmam@iﬁqgw@eanﬂmh@g@mﬁer with a
nucleic acid 80haYR0 F § a8 itf i ed, reconbi nant C2B8
anti - CD20 chi %&P‘% I gGllbﬁ‘gntmi(e c%d&fﬁpro uceg 5|‘;n HEK293- EBNA cel | s
transfected with anti body expr eSS| on vector pETR1520. -25- [0071JFI G
32(A-C). Expression vectors pCLF9 (A), pETR1842 (B), and pB1R1843 (C).




[0072] FI G 33 (A and B). Expression vectors for fusion protein Manll-Gl T (A
and Gal T (B). [0073]FI G 34.digosaccharide profile of an anti-CD20

nonocl onal anti body produced in the presence of a-Mannosidase Il and

rel ati ve percentages of the structures found associated to the Pc portion
of the antibody. [0074] FIG 35 (A and B). digosaccharide profile of an
anti - CD20 nonocl onal anti body produced in the presence of the fusion
protein Manll-Gal T and rel ative percentages of the structures found
associated to the Pc portion of thelémtibody. O igosacchetride profile*
after PNGaseF (A) and EndoH (B) digestion. [0075]FI G 36. Anti body produced
in the presence of a-Mannosi dase (Mann) binds to the FCyRBI A receptor with
hi gher aflf®3dl ty t Ffnpnothse asppqtothe prssent fnvenbiew isedirectpd tpy s ppethad for

37. Anti body- t 5 Aar o kidie: | coengi neer ed
chimeric ant ?ﬁg%i%%@@lgg Al E%Dﬁ&%&%g%%h%{g q@%%ﬁ?‘%%ké[nw??] Terms are
used herein a@sgemeltarpiessitleet pns nugleic agidencoding aRolyRsPYishayingd-def i ned as

fol lows. [O070kMAesilsed REVIBI dhder BRdikiSs WM deRMIEihe pPodubdangtad to incl ude
whol e anti body nol ecul es, includi ng nonocl onal, polyclonal and

mul ti speci fi cPY¥peRjideselpetedfiom fhe gsoup, consipisa piagrhols anthefy moleenlenan hody fr agment s
havi ng t he PcCantiBgiy@iagraene afd sFision pitah Bhtieluidategion eduivdRntdo theli on equi val ent
to the Pc region of an i nqgl qbul i n, Al so,.enco sed, are hunmani zed and
chimeric anti B8t &%W’O@@ﬁmﬁﬂﬁﬁlwmﬁ%mﬁnﬁ'ﬁws%' nis intended
to refer to aacGvityds expreskd 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 produced by said host cell.

[0038] In another aspect, the present invention is directed to a host cell
engineered to express at least one nucleje acid encoding a polypeptide having o-
Mannosidase II activity under conditions which permit the production of a
polypeptide selected from the group consisting of a whole antibody molecule, an
antibody fragment, and a fusion protein that inchides a region equivalent to the Fc
region of' an immunoglobulin, wherein said polypeptide having a-Mammnosidase Il
activity is expressed in an amount sufficient to modify the oligosaccharides in the
Fe region of said polypeptide produced by said host ceil

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

oligosaccharides.
BRIEF DESCRIPTION OF THE FIGURES

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



region of an 1gG heavy chain. Although the boundaries of the Fc region of
an 1 gG heavy chain mght vary slightly, the human | gG heavy chain Pc region
is usually defined to stretch fromthe am no acid residue at position
Cys226 to the carboxyl-term nus. -26- [0080)As used herein, the term
region equivalent to the Fc region of an inununoglobulin is intended to
include naturally occurring allelic variants of the Pc region of an

i mnunogJobulin as well as variants having alterations which produce
substitutions, additions, or deleti-Bhs but which do not decrease
substantially the ability of the i mmunogJobulin to nedi ate effector

function such as_anti body dependent cel|ul ar cytotoxicity). For exanple,
one or ni'}oéllam' noF&:?dMﬁ@B@IW?%Fﬁ“FHeDWSF@%ﬁdﬁWM C-ternai nus

ofthe Pc r egid%ﬂv@f&oﬁ@ecbﬂﬁﬁﬂﬁ%ly@&ﬂzﬁh&ré@aﬁtbgtﬁﬂlggbﬁti%ﬁﬂp?dduéeﬂsS of bi ol ogi cal
function. Such \é%lr’fl ants can be selected according to general rules known in
the art so astP é%’%eeﬁflﬁi‘thﬁPm@Wé'éPncﬁﬂm&E’tlilWPet(y‘:"fI@gn,- €ells. | Bowie, J. U

et | at, tS_CidenG&ﬁer%7ti'a§§&§sdf | (ll;gthéﬂt%s&a%ex?mj{sﬁﬁ%}mml ?mnb]@ftﬁ‘@ﬂrmﬁ/l futs! O_nt
pol ypeptide "havin - Nacet, ucosamn ransferase activity"
refers to fustBF IVWIQBT%H&@%@%W“E%F%&%‘BG@%%W“c“ﬂe addition of a
N- a. cet yl gl ucsligesatcheridesabNAeparddand sHiBzédhs desdritlel HicBERateald 8@ it - | i nked

naat naosi de O%F}E‘ e tri n&gngédl core of N-linked oligosaccharides. This

i ncl udes fusi FV@%“p FAEPEYhi biting enzymatic activity similar to, but
not necedtid?]i | y | BEh8i QdALDUTOBNSaspbetmint yf ndutral oligosaccharide mix

0(1, 4)-Nacety m nyd L ransf er.as | . no

asl13-1, 4- nannci)egﬁd%gﬁly%cg%?%%né’igﬁmf eee%g?ﬁ 5@2?@95 3‘\9@%’%“%‘9 -transferase (EC
2.4.1.144), dod&sKdengipedrel withea NesleiovsidatngedineCofusivn palypepddet(@l-1 nt er nat i onal

Uni oh of Bi Oc@xf’l‘ﬁl’t W 8RRk Nedti b[,{gj\/]u@]g- a measured in a
particular bio ogi%c‘gllﬂj assawh%@?%aé?%b%%?@gé epen etﬁ%y. In the case
where dose defserstte fels wrerens-tearifepted with apiihedy expressina veelerPETRE102t 0 t hat

of 13(1, 4) - N- am@ tith Ab1E@ SAFs:SWA VEARDEERARS. AitlbodPihs puiiBeEoauUbSt antial Iy
simlar to the dose-dependence in a given activity as conpared to the

15(1, 4) - N acé‘t‘WﬁP’ﬁ‘@B‘g%ﬁ%ﬁ%ﬁ%?%ﬂ“ﬂd.@ﬂ@%é“@%ﬂdat e pol ypepti de
wi |l exhibit géRalsds A8 MetolidseQion BExatipled, t han about 25-fold | ess and,

pr ef er abl

not t han enfold | ess actjvity, .and, nost preferably,
not nore ﬁqﬁn abo {éﬁh:}g@"ﬁ&f@ Pecivm ﬁ??“ae?hé ﬁa?)%arfdg Kite P Y
f13( 1,4)- Nfacetqefigédlfmﬁh&m:namhﬁt,lrgmﬁnl 4@&@%@?@52(} Itgel uﬁi?ddﬂpecrd&i:dai_ a t
zt st onpo e e "havi nag. 1) - gal act asyl t.r ansf erase, ivity" or
"havi nngaIyEIJ' ¢ vf‘fg?‘“?‘{e]%étl‘%’g'i"&“%ﬁgiie@ﬁo Iagy/%“é%li?"z%’gpq%ﬁ?tﬁ%re abl>/e to

catal yze t he @GdllY)i ovithofGrAIlahdicit smdr dehlized fiaorm PR3 galphet ose to t he non-

reducing term - ﬁ%@g@ : Brabbd d d?qf ' EF@{' . This includes
-27- fusion E%%%%%%I es %Bn{églf) I NQg e% |c{vgr§§c|§§/| y téggﬁl&l ar to, but not
necessari |y i#ébadycebression veetorapETRIS93, anst wil GndTI gupireseion ¥gdierr ansf er ase, al so
known as UDPGRiTe@ssiNAGthodPds 8GRl A AREY B dskhafiaes?. 4. 1. 38)

according to the Nonenc|ature Commttee of the International Union of

Bi ocheni st ry HHePRRred & anplyzsy 8 dssgyibednthe Mploryls and Meadssertioniof n a particul ar
bi ol ogi cal asgaplewi th or w thout dose dependency. In the case where dose
dependenc oes exist, it _n t be ideptical o that, of.

p(1, 4) -gzﬁoég][ osylﬁ%ﬂsf%@ﬁgf)’% PRSP} © ﬂ%&aﬁ’c@ﬁﬂ%“%i T ar to the

dose- dependendsgivédirom @ionbihaCinimedifiyd @sn-glocoengiteered )ant 1920 IgG1 _

[3(1, 4)-galact | transf.er I t C i_dat | ypepti de will exhibit
greater acti m@*&#@g‘fﬁnﬁmﬁ%ﬁ@%s@%"‘a"fT gglgg%ﬁ%‘g;‘g ref erably, not
nmor e t han aboantibedy refkpresiioh osgorgi¥TRY $20y Antindy mes purjiied fiomabiltyre not nore t han
about three-f I Y] ' E?E :

13(1, 4)-N—ac§§y g %cﬁgogg%éﬁyﬁ#sa‘%%g%g%% a}’ﬁl . cdt?)";Odl&%sg]rﬂ)%{ymélhenucI eic acid or
pol ynucl eot i dMateaalq and Mathadsseddion pikramplglence at | east, for exanple, 95%
"identicaloszi O a reﬂ{;g [Wef-IR=yS nt invention, it
is i ntenggtgs{ hat tF e%'nuc .gmtgﬁ%encegg?&ﬁﬁe&%gfgﬁﬁf%ﬁ de is identical
to the refer effeiedfronresseanast ehyseenginesredant-Chaf Iehl antbadi rieduesdquence may
include up to five point nutations per each 100 nucl eoti des of the
reference nucl eoti de sequence. In other words, to obtain a polynucl eotide
havi ng a nucl eoti de sequence at |east 95%identical to a reference

nucl eoti de sequence, up to 5% of the nucleotides in the reference sequence
may be del eted or substituted with another nucl eotide, or a nunber of

nucl eotides up to 5% of the total nucleotides in the reference sequence nmay
be inserted into the reference sequence. The query sequence nmay be the

entire sequence shown in either FIG 24 or FIG 25. [0084] As a practi cal
matter, whether any particular nucleic acid nolecule or




pol ypeptide is at |east 80% 85% 90% 95% 96% 97% 98% or 99% i denti cal
to a nucl eoti de sequence or pol ypeptide sequence of the presence invention
can be determ ned conventionally using known conputer prograns. A preferred
met hod for determ ning the best overall match between a query sequence (a
sequence of the present invention) and a subject sequence, also referred to
as a gl obal sequence alignnent, can be determ ned using the FASTDB conputer
program based on the algorithmof Brutlag et al., Conp. App. Bioxi.

6: 237-245 (1990). In -28- a sequened-alignnent the query and subj ect
sequences are both DNA sequences. An RNA sequence can be conpared by
converting Us to T's. The result of said gl obal sequence alignnment is in

percent ident h%@ﬁ@ﬁgﬁﬁedﬂv@wﬁbﬂwim@dn@ﬂinaaﬁ#i@impalﬁﬂgnnent of DNA

sequences to C i i k-t upl e=4,
M smat ch Pena?ty 1, J |§’|ﬂ§1g e]rI\a?éﬁoittlrl pla 36 Eaﬁﬁzo%gt%edﬁ%% Lengt h=0,
Cut of f Scor e= pmﬂwmlwtenﬂ@n@eﬁallqw@omfwm Si ze=500 or
the Length of ahddaihkatidn VMG GRTRM0SAEUARCEHTINLERRNAS ydoftr ShOT LT

[ 0085] I f the subject "sequence i's shorter than t uery sequence because of

5 or 3' del ePF 19#@@%@@%@@@%?@‘1%1@@@@14 igesaceharidghual correction
nust be nade %reb&ﬁar&?a’iﬂbﬂaﬁmed-ragﬁe%cdb%dEm&afs%‘dﬁéh%-ﬁgﬁctﬂfn%ram does not
account for 5'_ and 3" truncations of the subject sequence when cal cul ati ng
per cent ident ﬁ‘?ﬂpqﬂor subj ect sequences truncated at the 5 or 3' ends,

relative fooad) he quUEGY. SRADETOR-MI Jp6etid 6f Hefitd ofi g3H0EHati¥e rhik dGived €Ct ed by

cal cul ating the nunb%r of g,ses of theﬁ%ﬁg %% uence th%g are 5 and 3' of
t he subject s&JRHERH i ERcospEnesEst gl d ﬂéﬁ’@ﬁYP’a’Q“ #&rcent of the

t ot aé bases ot—tEKtm WAmw&manNMMmmdmngfm&dﬂ@pmdmtChed/ al i gned
i s determ ned Ihts. t FASTDB uence_.al i Thi s percent age
is then subtré@%{zé@?ﬁﬂgm G"b‘@tﬁc iq? CEPCTJ%daIW t he above
FASTDB programmbﬂgeﬂ%nﬁ}ﬁmgﬂocdﬂamﬂm@e&swﬁmﬁmEdMa final percent
identity scor Gatibo %‘,1?&9 egéc%g %ﬁiﬁos&gg’t@t‘g{l ug(ﬁ%s%o%r ethF pur poses of

t he present inven Fes out B5ses of the
subj ect sequemB’&ilSé%ﬁmhbqﬂyaxaedmiﬁpdtﬁhmcmﬁﬂ'ﬁﬂima@niEmaochwiﬁeeh are not

mat ched/ al i gn ! Qost he purposes of
manual | y adj u?tj'f \#BH}P:} ent %entl y seﬁ%%éﬁ%%uB‘%or exarrpl e, a 90 base
subj ect sequeﬁeﬁeﬂn 1. ) Ok eﬂﬁchasd@mﬁmfbﬁ‘@%ﬁqwm okigespgehatides wth det er mi ne

percent i dent inh Ya4iddA&) ln%l:%a?m&ﬁc("df Oﬁéosﬁc@ﬁ‘anﬁc pRBR HPNdigrsubj ect sequence

and therefore, the FASé%% al i gnnent " doeS not _show a mat ched/ al i gnnent of
the first 10 BAwesoligpsacphardepfuriigdisoted &Rl bases represent 10% of the

Eequence gogwroer CFIGQa¥©$cﬂénahbﬂes§é}m@ﬁ‘5’ftﬁe Eﬂﬂﬂ%aﬁ@?ed@ée%ﬁdﬂ ot al t nu(rjrbe[_ ?f
ases in e r ue 0 ro ercent identity
score cal cul aggﬂ’ %ﬁlt ABAEA ?iht’f’%ﬂ"fi @‘Fﬁi;ﬁﬁj@ﬁd’i‘ ﬁcg] ' HWhses were
perfef:t ly mat @Eﬁﬂeﬂ&i&oﬁ:})l&ﬁhseﬁﬂﬂﬁﬁg’b&acbtdﬁﬂﬁsj (byBy\ﬁkﬁdéulhlﬁué?&%eeﬂB n -29- another
exanpl e, a 90 ba ue W t 00, base query
sequence. Thi §°It1 Cﬁ!ﬁ'a‘i glbgr? C%”ﬁg?;@g?%raq“%ﬁaﬁl%s that there are
no bases on ttstm&ﬁiral@amg&henm‘toblimmdiapdaspeakﬂhmm&lcwmdzan@mot

mat ched/ al i gn t jdentity

cal cul ated by %W%#S%%ﬁﬁp%%mggﬁemﬁ%g n, only bases 5'
and 3' of lﬂpﬂﬂi subj et 2. séqub?ﬂdéemhﬂ@hcellpbr nﬁotommﬁétﬂial fi'fgfﬁ‘éd. with the query
sequence are mRAHRLAN, gfnees&e%ﬁetﬁedmoﬂmet aﬂmyﬁtchmﬁagetl ons are to

made for the purposes o resent invention. [Q087] By a pol ypept| de

havi ng an ani §8ibadiey B%th@é%éle%tﬁeﬂee’aﬂlcedflbrm@&#ﬁt erodydignandientical " to a
query am no a@ﬁo@ﬁw@mesﬁthsélﬁooafgﬁﬁeedaﬂumnédeeiawdmlge etumtended that the

am no acid sequence o ept| IS entical to the query
sequence exceglt°st9fgte“’£"ﬁ@4§‘ﬁﬁf@8$}'$@}gyb reetgelis{D, d[%‘-‘r?%é" Bcl ude up to

fi vg ani no aCllﬂn@bﬁlﬁo&iﬂeMﬁéﬁ@ﬁrcﬁﬁQﬂ)vﬂe@éﬁa@lﬂ?B?l@@]htﬂﬁléﬂﬁhﬁﬁhﬂnquery am no .
aci d sequence n .ot wor ds tai.n a _po ti de havi ng an am no aci
sequence at ga]léfat@?? e"ﬁfluﬁﬁllmt °“abf€}"3?“§’m“%§ By BENTERce, up to 5%
of t he ami no a&ytdtomew,thtub&atbmh)hﬁgedmj(enmwmﬁvmw fsxirmser t ed, del et ed,
or substituted with another am no acid. These alterations of the reference
sequence may occur at the am no or carboxy term nal positions of the

ref erence am no- aci d sequence or anywhere between those term nal positions,
interspersed either individually anong residues in the reference sequence
or in one or nore contiguous groups within the reference sequence. [0088]As
a practical matter, whether any particular polypeptide is at | east 80%
85% 90% 95% 96% 97% 98% or 99% identical to a reference pol ypeptide
can be determ ned conventionally using known conputer prograns. A preferred
rret hod for det erm ni ng the best over aII match bet ween a query sequence (a

o Y oy o " o o o

SI-




-30- Wndow Si ze=sequence |l ength, Gap Penal ty=5, Gap Size Penal ty=0. 05,

W ndow Si ze=500 or the |length of the subject am no acid sequence, whichever
is shorter. [0089] If the subject sequence is shorter than the query
sequence due to N or Ctermnal deletions, not because of internal

del etions, a manual correction nust be nmade to the results. This is because
t he FASTDB program does not account for N- and C-term nal truncations of

t he subj ect sequence when cal cul ati ng gl obal percent identity. For subject
sequences truncated at the N and C-termni, relative to the query
sequence, the percent identity is chrect ed by cal cul ati ng the nunber of
resi dues of the query sequence that are NN and Cterm nal of the subject
sequence, which are not matched/aligned "with a correspondi ng subject
residue, as JCHWF QSRS Glersepdnsiead ofentipadWandaspontameigEsiepsedediience. Whet her a
resi due i s nahehgtihatdd 9PREHATY) Satel. HsBH s fEdtibed BMARaASTDB sequence
al i gnnment . Thiﬁp{g%racent gge is then subtracted fromthe percent identity,

cal cul at ed by*™ fisgordremPls logr am usi ng the specified parameters, to

arrive afooag)f i nal FIERIE eBitibogedpbidéntSEIMIE. cyolixRity (ABCCPEagnt i dentity score
is what is used.for the, ptuposes @f the present _inventiop. Only residues to
the N and C-FET-HycogRBues ?dﬁf”@@‘ﬁ%éﬁﬁ'gﬂ%mwpg e mat ched/ al i gned
Wijt h the qua:mpti&ﬂitkl@”bﬂﬂgﬁlﬂ)ﬂﬁsﬂ&ﬁﬂod&éﬁdﬁMH—MN&rﬂﬂﬁ(ﬁ@ﬁcﬁbﬁ: magual |y
adjusting the percent.identity score., T [.S,,.only query residue positions
out si de t he f%&ﬁ{i{‘é"g{’hﬁﬁ?%{’% (@{'{e@?yﬁ?%mrf%tsﬁnhw&‘s%?%gm Pect sequence.
[ 0090] For excauthese i tHe @umaeiified antitiody indfd. U Fargetlogllz ¢T) veeBiEW6d i s aligned with
a 100 resid n t i < 1 itv. The deletion
gl B SRR, Al Sl BFwRE RN B b

occurs at the e su sequence -an e, the FASTDB
al i gnment docRBMGt AsFolwatio nhi2T hivaytised immdrberr inshbatibe ADICCsassay0 r esi dues at

e e e

(nunmber of resi t he - rmni_not matche nunber of
residues in tinEinuerdeateciivne doterent 1984 of antivadyland acperteneishe per cent
identity scorgesgl Gl Ry ilstis bARIHBE T BN Akday 1314 @RI ni ng 90

resi dues were perfectly matched the final percent identity would be 90% In
anot her exanplegerived inMafedys sddMatlinds egtionof Fxamiel i s conpared with a 100

resi due qeost)y SequRNCE. Adibody-ddpBRichin@nele Sldaisy aaBcenbermval del etions so
there are no idues at th N;P or .C-{ennini of&ythe sub sequence whi ch
h

I ] | ect
are not match -Byreersmrrieh vy -G iRy slypasnginseed pegorpbs ta’ﬂﬂe‘rcent - 31-
identity cal cObtciinelyIgBARTBBdEsS Bott antibodiealvtry pROECERIBHK cdlce again, only
Sequence. - as repidyala oty Gl o
mta';]ched/ al i Pmedbphtdilipmmeammsyofmmm-?lymmmaﬂhr;tib@dyﬁﬂﬁg.t ;aﬁ for. Not
ot her manua e presen
i nvention. [O%Srf{g%%h:lfg@i%reﬁ(e‘%ﬁ?g%m@c PgP@&§E$°§H¥#§?8&E§E?$)di zes under
stringent cormdére freshly*isolated JumudiBMC. sePd rgpgpd@htwaukedine4ihawrent i on, refers
to a pol ynucl gafile Aﬁj&{a}s@yﬁé d%%ﬁgﬂoﬁg@éy%é{eﬁéﬁ%ﬁ}k%én&gm)l on at 42 Cin a

sol ution conprising 50% for mam X 50 Cl, 75 M sodi um
citrate), 50 %elopss e pmedmnardeasq{ppimg aipterpest insierdrd prttbody) 818 uti on, 10%

dextra.n sul f akRnta@iReh #fdasd Yiltre AR [9Ead SHRANRY) RBkRAsSREr M DNA,
foll owed by washing the filters in SC at__about 65C. [0092] As used

_ 0.1x.S
herein, the t &3 epAgribeddfiatonalsisgMaBadsisertirnpidiaplg 1 he anino acid
sequence [gi51p Col GIiG nesisiriig pOMNMPERTIEISshingledd ¥safasgfidd e for anchoring

b ooy R o P SR ST b AL o o™

t erm ef f ect or NKueist Bath atibbdiessvetepréduogidn HEKNPBHBNA cefle tRrodubtians at t ri but abl e
to the Fe regjgn tive.s ence Pc regi L. am ne. acl d sequence

vari ant Fc re%nl(aﬁ%#oa%ﬁg%ﬁ“gﬁrlﬁ cl’etg%o%r/i“%%?gjr?ﬁ%géﬂg? ésn(%P]ﬁto i/na%k% ector functions
i ncl ude, but ad¢hosatf the iumiqdifigd tsibodsun Fig e Fharindirigastaywes afrforméd v

ant i body- depe . . b s Vet ARG ti pendent

cel lul ar phag%%%%gcﬁgh P‘E\B@?&X%’%@E‘Fﬁ% Sgcg_ér et on?lg{im%uﬁ%g%{ggﬁpl ex- nmedi at ed
ant i gen upt akesllbexpeentinegfisganpra@didanecaptpr or thieis surfhosirere isgatedfiomn® of cel | surface
receptors, etc.



[0094] As used herein, the terns engi neer, engineered, engineering and

gl yc, osyl ati on engi neering are considered to include any mani pul ati on of
the glycosylation pattern of a naturally occurring polypeptide or fragnent
t hereof . d yeosyl ati on engi neering includes netabolic engineering of the
gl ycosyl ation machinery of a cell, including genetic manipul ations of the
ol i gosacchari de synthesis pathways to achieve altered gl ycosyl ati on of

gl ycoproteins expressed in cells. Furthernore, glycosyiation engineering
includes the effects of nutations ar@-cell environment on glycosyl ation.
-32- [0095] As used herein, the termhost cell covers any kind of cellular
system whi ch can be englneered to generate nodified glycoforns of proteins,
protein fragmemes, ofor g@ébw dmawnofot |t tnegduca FodamolaRH¢ megertont (bodi es, ant i body

fragnents, anggf, E;fmma Qb&ﬁﬁ%fm-i‘éﬁ Jod&%%@:?@ve been

mani pul ated to ex ess m zed | eve Host S include

cul tured cel | $egammgRile pequemcdu| Gepraehic aiehs fluagesednea inta@rity, cel | s, EEC
cell's, NSO CeltegmrcdBokAcS Glidetho IO HRLPIHR 16k o SXAFsdmYge myel om cell s,
PER cel | s, PER CGurce%:s or gsdgr Pi?érra cel %gtﬂﬁce S, | nsect cells, and
pl ant cells, t@fﬁﬁﬁﬁ“@ﬁhe}/ﬂfﬁo“ﬂbw eqymbmaqltsegtﬂa,qglmbgut@dmﬁq Nedgellgyithin a

transgeni ¢ anigiiing dble@RNHBNS: E?é'gﬁmﬂERﬁIHJ dilRds RbRMraRi byaRt Ml tissue.
[ 0096] As used heregi n, the ter ﬁ]ﬂFc di at eéls cel lul ar cyt Ot)ﬁd)%l city includes

ant i body- deperdasrmncing GBWW&%@WP@P%#G%@F fsenBig- 18t ot oxi city nedi ated
by a sol gosg Fc-fHs pn Bmtugldr “SLNGAIM-QPcorndhlRA vECuhRgifed. It is an

“Ruman | mune EPPEGEbAREGPFL Sk it anfhoristd rarmB e IR e of f o0t or

cel | s are a PNIputiRtin dre péseice Wk Grichsim: dohﬁﬁltrﬁﬂoﬁ#)bﬁg/cﬁﬁpeﬁ@aﬁt- ors on their

B oes on o odepifiEu N Bl oS RS et oo on ay

i ncl ude, but (HEK?83-EBNAI tcells. toProquatmphad aglydmlsglambnnpnﬁbuof ehe cells (PBIVC)

and/ or nat ur al T n r ed cells" are

cells bound b %e anfédbl\&é ep]ﬁ{eg%?%l g%n%ﬁio%ee? ns. mﬁ%ﬁé\tl bodi es or Fc

fiision-prot eiantbody fiFigoS+ éihgémdmelasssy wias perfremest st desaribghint thil-t ermi nal to

the Fc region.g, &aqpedi at ed

cel | ul ar cyt ot oxgﬁﬁy I'S g él ngﬁfogg'{%?t elrn&g(?lm:c%ﬂgr as€ I n the nunber of
"anti body-tar geiﬂserdﬂmc@pmbman@nmbodau(féwms@@nalmmegmmfﬁwml) aad a given

concentrati on of ;Adak QMVT&EE%EC‘% at{OHSS 'kra%f’&fg#tﬂqg tﬁ sredi um

surroundi ng the target” cel anl smo | ated cel |l ul ar
cytotcodcity d@ﬂf%@m%m/eaﬂ“bqﬁd/ (ﬁﬁﬁglaenﬁ)edﬁéﬁlﬂbrﬂﬁncflhe cEBERE@At r at i on of

anti body, OF Qfopfindritl B leRicaura:bvdrbRoiREHoH{R B bupacipat he tar get

ceIIs required to achieve the lysis of a given nunber of
"anti body-t ar JOPBH IRLP Produce; Fﬁg’ﬁ’"&%ﬁ“i’ﬂ’tﬁ’e 1. PORPRIENE (e of Fe

-nedi at ed cel |vatigi tHaddogladX kiint fiame AP coddt Wehifethd FeghBmiratt catiggl cel | ul ar
cytotoxicity i S relftdeglgeto the cellul.ar

tric mean Huorescence mtemlty,?ﬁ?easured by FACS nsingan
FITC-labelled anti-human IgG antibody fragment, increases with the antount of
recombinant antibody bound to the NK cells.

[0053] FIG 14. MALDYTOF-MS spectra of neutral oligosaccharide mixtures
derived from recombinant, IgG1 “L19” antibodies recognizing ED-B+ isoform. of
fibronectin and produced in HEK293-EBNA cells. {2) Unmodified antibody
produced in HEK293-EBNA cells transfected with antibody expression vector
pETR1546. (b) M2-GnTII-glycoengineered antibody produced in HEK293-
EBNA cells co-transfected with antibody expression vector pETR1546 and
GnTIN expression vector pETR1519. Both antibodies were purified from culture
medium by protein A affinity chromatography followed by size-exclusion



cytotoxicity nediated by the same anti body, or Fc-fusion protein, produced
by the sanme type of host cells, using the sanme standard production,
purification, formulation and storage nethods, which are known to those
slfilled in the art, but that has not been produced by host cells

engi neered to express the glycosyltransferase CnifDl by the nethods

descri bed herein. [0100] By anti body havi ng i ncreased anti body dependent
cellular cytotoxicity (AD CC) is meant an anti body having increased ADCC as
determ néd by any suitable nethod kf®@wn to those of ordinary skill in the
art. One accepted in vitro ADCC assay is as foll ows; 1) the assay
uses target cells that are known to express the target antigen recognized
by the anti gechrdmatogitaplyy stepgorom Seferdekiz00amtrixo@ayersham) exchfping ie assay uses

human peri phebuil 4 éﬁ;%gg@@é}gdcsla&aer@ﬁeéﬁ%)gm%gﬁﬁgswﬁespgepgrt§ from bl ood of a

randonly chosen onor the assay is
carried out ambzedlmsmbedmlﬂhMterglspnd)Mmls section of Examnpleil) t he PBMCs are

| SoLat e (R0, 950 R b oo USROG Mg 2 ¢ suspended
cells are gromnmnamghti@rmﬁbr@setalg@ mubcnélemmm&%rmamred fromthe
exponential ¢ uEQ? th QQSE swashed in RPM
cell culture érng% %Elgmrzé%ceg\?t%a? %{%s% rcllutg%ﬁg , washed tw ce

with cell cul EBN& Gﬁlbdl Ern@ucﬁmmdeg!mwmwmﬁﬂp efethe ebupegingresdedi um at a
density of 10gy Eﬁg ed in Fig, 14bandﬁmseofthelaﬁﬁodl‘ﬁé‘cfaﬂﬁﬂohfmlgomt he final target

cel | suspension ove are transferred to each well mcrotiter

pl ate; i v)t he Thnbipdegapsaysvas pefosrmed asdieseribeddn the dfataipliaus Metiedst 0 0. 04 ng/m i n
cell culture mhtmaaﬂﬁhéi) Eﬂe&ﬁ%& ﬁ;%smfesaeh@ ihigst), trhdagurétlyl body sol utions
are alddedtot etargﬁ%ﬁg h 6-well nkrotiter plate, testing in
triplicate val?ot ipeﬁ?ﬁlr?&'é a&@%?’?@@é’\ﬁéﬂ‘ﬁ‘b%% e concentration
range above;  the Zflount offcoBbiid kiRibs® totndao the Rajd Brell BitpBoriieRy. gent (Noni det ,
Sigma, St ui s) .4 nst d of so) uti,on i v above);
vi) for t[meslsgpont gﬁéégg gg%@rﬁ%ﬁ rgincesed &Sdlgg’r“?)

recombinant, ann-CDZO chimeric IgG1 antibodies to FegarnmaRIT]a 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 inFig. 5. The

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

of Bxample 1. Human NK cells expressing FcgammaRIlIa receptor on their
surface were isolated from donors of a genmotype kmown mot to produce
FcgammaRIIc receptor (i.e., homozygous for a gene variant that contains an in-
frame stop codon within the FcgammaRTc coding sequeﬁce). Two donors were
genotyped as homozygous for the 158V-“higher-affinity” variant of the
FcgammaRIIa receptor. The other two donors were genotyped as 158V/F
heterozygous for the 158V-“higher-affinity” and 158F-“lower-affinity” variants
of the FegammaR la 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 FcgammaRTla-specific as demonstrated by use of a
competing FcgammaRIlIz-specific antibody fragment (see Fig. 13).

[0054] FIG 17, FACS analysis of truncated-CD4 (tCD4) expression of (2) BHK-
1502-28 (wild type) and, (b) clone BHK-1502-28-11 (M2-GnTHI-



wells in the plate containing the | abelled target cells; receive 50
mcroliters of RPM cell culture nediuminstead of the anti body sol ution
(point iv above); vii) the 96-well mcrotiterplate is then
centrifuged at 50 x g for 1 minute and incubated for 1 hour at 4C,

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;

ix) the cell-free supernatant from®hch well is harvested and the
experinmentally rel eased radioactivity (ER) is quantified using a ganma ;
counter; . X) .the percentage of specific |ysis_is calculated for :
each ant i body8lseainseiedstable chiseds aind’2p G pubpdr proAuang RINY) / (MR- SR) x 100, |

where ER is thgrael SOEDE &lipeasl el Yo MIARINH bfestist@a ROTHHS | X above) for
t hat anti body concentration, MR is the average radioactivity quantified

(see point i xSIEgBEY & PEIRISTHETNR %ﬁ’c“PBlvéct‘(’saé‘glsp@Pfﬁ@m\/“s%ﬁ/@), and SR is the

average radi O@girdeyindr¥er G M & Ebssi %O BieROIND keometrRBRMEAkREentdIe SR control s
(see point vi, abqve); 4)"increas D%Cf? fined as either an increase
o

ed A i s _de
in the maxi miMPERSITeagRedyelsdbend 1o Afpdhestysprgingered apf 473 t he anti body
concentrati on4 I &g WwiksyRdeabeye, and/or a reduction in the concentration
of antib equir, jeve one half_ of e maxi mum per cent age of
speci fi colg'i//sgf S obggﬁg%wiﬁf#?ﬁépﬁmﬁmﬁgﬁ@éﬁwqIﬁ‘ﬁmf"ange t est ed
above. The i nédivesd from MARCOTTGych @ightératcretantidagt, AMCSCD20reldmericed Wi th t he
above assay, iﬂ%@ﬁ"% b t&gbs%g iztgg‘gy u%gdaqlefd bXn J;Dh&e sane type of
host cells, using eyééﬁa 4 [ &%Fo ctron pari &PPBh, formul ation
and ﬁt or age npirfiod®p awholighsaasheriderpoaparation anth esadysslerd desmfibednintttee art, but t hat
has Aot been ; i neered to overexpress the
gIycosyltransP%%gggﬁgﬁﬁﬁppgéﬁﬁﬁgg%%gﬁﬁgéd herein, the termanti-CD20
ant i body [P858] nt endd@ 13- MABRWI GirM3rpéchiwm pf nehtrad hligopaschatiflomixige r ecogni zes a
cel | surface aanedbyneGulrlfihe ongSicaRlifs ROBROIGI SR IBR0 Dal i ons,

IgG1

typically designated as the human B [ynphocyte restricted fferentiation
ant i gen Bp35, frew B o) L-glyeepeineered repembingny, anti-CD20 chimeric
antibody produced by BHK-1502-28-11 cell line, Cell line, antibody purification

and oligosaccharide preparation and analysis are described in the Materials and
Methods section of Example 1.

[0059] FIG 20. Binding of “M2-GnTII"-glycoengineered vs. unmodified
recombinant, anti-CD20 chimeric IgG1 antibodies, produced by stable cell lines,
to FegammaRIJa receptor on NK cells. Glycosylation profile of the
glycoenginereed antibody is shown in Figs. 18 and 19. The binding assay was
performed as described in the Materials and Methods section of Example 1.
Human NEK. cells expressing FcpgammaRIITa receptor on their surface were
isolated from a donor of a genotype known not to produce FcgammaRIIc receptor
(i.e., homozygous for a gene variant that contains an in-frame stop codon within
the FegammaRJIc coding sequence). (Geometric mean fluorescence intensity,
measured by FACS using an FITC-labelled anti-human IgG antibody fragment,
increases with the amount of recombinant antibody bound to the NK cells,
Binding detected in this assay is FegammaRIIla-specific as demonstrated by use
of a competing FegammaRIa-specific antibody fragment (see Fig. 13).

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



[01021The present invention is based on the discovery that engineering
anti body- producing cells to express a novel fusion polypeptide having
[3(1, 4)-Nacetyl gl ucosam nyl transfera.se DI (GhTELI) activity or
alternatively, 5(1,4)- galactosyltransferase ("GalT") activity, and
conprising the Golgi localization domain of a Golgi resident polypeptide
results in antibodies with increased Fe receptor binding affinity and

i ncreased effector function. Alternatively, antibodies with increased
effector function and/or increased-E: receptor binding can be obtai ned by
engi neering the antibody-producing cells to have increased expression of a
nucl ei ¢ acid nol ecul e encodi ng a pol ypepti de havi ng aMannosi dase |

cat al yti c actantipodies. Both gntieddess werd prodivodin MEKL83-EBNA céllssProduciivonst r uct s havi ng

GhTI CE or Gal Ml ' =l el [ | ecul es

encodi ng NbdiBE%?&%%{%[P&%%%@%@Eg%%M#ﬁbdgxgéﬂgh%tgg?lr?g%t%? t he present

i nvention is i fhesetaod thetvomedifi¢dstitmiieih Fngi &1 TargetzellsdTrwerpBE®¥iodg a sequence

encodi ng a fusi YREBL ’H‘ﬂ{‘ﬂﬁf i i geﬂ{ de has

[3(1,4)-I\|-acg?§}]?g1y%g%sam fg;{:?‘%&r ans ec?%@%&%ﬂw&ﬁ%% t S?Sty and conpri ses

the Gol gi | ockdsimeasuredrbyddphhiralcasst Assacdeteils aroddserend ipMppadptidde. I1n a

preferred e i : Lpn pol ypeptide conprises the catal ytic domain
hAeh 88 Motiord S Exleisid P

of 13(1, 43 - N-acetéll | ucosamnyltransferase |IIl and the Golgi |ocalization
domai n i 49%He | ockIY ZatORDUEWEMS spfctiainiveisi ghgsaceharide mixiuresyr t her
enbodi ment ,  t RQvddPlothiredoRSRhilt 2R A H PABLEY ahSbdifag rd Ra@hdnon domai n of

Gal T. [0104) Preferabl %gt the isolated nucleic acid has the nucleotide
sequence shoviRderrabgresvthmgtorzeeppiopBGFR). JdprrguoedinEEPRIEBNA edlls 1 ed enbodi nent ,

t1 28 L ;JS:\lgn poltay}waﬁbdﬁﬂex_ M}a@yips@?ceahwﬂsmlzwﬁz%mﬁangflﬁg@{d withl i on doma

, 4) - Nacety cosam,nyltra I t he i, l.ocalization donain
is the |ocal ia?glﬁ asW%MW‘B?Pﬁ‘rf%@%@%ﬁ%@%ﬁ%ﬁ?ﬂ“ﬁvﬁ& ransferase |
(GnTl) . Pref epradabedin HAE293EBNA @llspibensftaied whieantibely eatdsden s@guence shown in
FIG 25 and S 1 1 ternative I l.ocalization domain of
anot her ol giIJ rggggggtm%g? p@ﬁTﬁggn‘ﬁ#fyg%fﬂt}géﬂ%%ﬁ% iﬁ(gvrmpr eferred
enbodi nent , triweicfgi cubiare aledipaby poted draffinity clrometo geghy dolowedhyt he gr oup

consi sting of et d -36- i .

of 13(1, 2)-N aséztg%gflgsl%&g%sam&dﬁﬂ gﬁ"?%??ﬁé&?ﬂ%ﬁ%&a I zelés%]?%)n domai n of
mannosi dase |exchenging the bifikr4¢ phosphiatsrbufferedisaline (PEF). Ofgesencharides

fucosyl t r anst a5 Epads Gdalkiyhed aPROLDES B FuRERIE S GRRRML BB of L e PT eSEN
invention is directed to an 1solated nucleic acid conprising a sequence

t hat encodes Bxap8leypepti de having the am no acid sequence shown in FIG 24
and SEQ IBdedO 15 1G b3 GAnREydsebeRER deRiNQytolidciy TADRTS $£MIR] nvent i on al so

enconpasses an iﬁ,g)l at ed nucl eic acid conprisin % sequence_ that hybridi zes
under st ri ngeWRTTE GRkroengRrered B wpmqdified rerom ‘P%ﬁn‘g‘ﬁ BRe¥merclgfd eoti de sequence
of whi ch consi@Rs’ afibddre. Bukla@ilcidewse givanze is HeWRo3 EBIA &lls24 and SEQ NO 14

or FIG 25 a | D r 12... The_ jnvention i.s further.directed to an

i sol at ed nucrgrf‘g‘%g ﬂdg{gﬁ?@ﬁrﬁﬁ%%‘gﬁﬂgﬁw%&ﬁﬁéyéﬁ%ﬁ % 90% 95%
96% 91% 98%ndig. 9B4nd tend ¢ftlkd untrodifibianiibraly doFigd2as Eqeerdl (Bhown in FIG 24
and SEQ I D 14 EI % FQ | odi ment, the

i nvention i's\lqﬁfr? ‘é‘g{lél osqg%l@ggaf%sﬁiogﬁ c@ﬁ&%‘%@c %‘é.%é@d@g‘?%ﬁﬁs“’?‘% a sequence

t hat encodes e¢elip@) yere fedblyeisdiated myaphBMEH Ak Aoty of¥glessceedita | east 80% 85%
90% 95% 96% Af% 9 vtk - ?m Ld.sequence FIG 24
and SEQ ID Ng%gléé?u%?@ﬁﬁz%@%r{%l%EQ I%‘%ﬁgﬁ%&}bﬁ e |dr%85éc?1%on al so
enconpasses aftDES arlerse delatiye tep coagiae relstp nsiiang defergedy instted of hat encodes a
pol ypepti de havibél) biEa 3FntRedRS irdleaie® RHRDE She@fumMinttead?dF AlsbapFQ NO 15 or FI G
25 and SEQ NGO 13, with copservative anino, ac%lg s%]%)stl tytiops. [0106]1In
anot her embodfREelE:, AsH d51a8s B deserbad ip Materials A MERE s¢HoLAf expr essi on

vector whi ch ga@pldises an isolated nucleic acid of the invention, such as

t hose descri bed abgye,. [Q1071ln a further enbodi.nent., the present invention
is di rect@g"’?o a %ﬁgl %h %eyﬁ’él&’t"i %T‘édJ g 2ne amwo acid sequende,

| 3( 1, 4) - N- ac efeyegrively ot tigiMeyihdsidase -amAFeffibn ptypepide yf thinveatidner nat i vel y,

] 3(1,4)-gal actosyltransferase ("Gll") activity, and conprising the ol gi

| ocal i zati on donmai n of a heterol ogous CGol gi resident polypeptide. In
preferred enbodi nents, the fusion pol ypeptides of the invention conprise
the catalytic domain of (3(1,4)-Nacetylglucosam nyltransferase DI. In a
particularly preferred enbodi nent, the fusion polypeptides further conprise
the Golgi localization domain of nmannosi dase |
orp(1,2)-Nacetyl glucosam nyltransferase I (GhTl). In an alternative

enbodi ment, the Golgi localization domain ii selected -37-




fromthe group consisting of the |localization domain of nmannosidase |, the
| ocal i zati on domain of 8(1,2)-Nacetylglucosam nyltransferase If, and the
| ocal i zation donmain of al -6 core fucosyltransferase. The fusion
pol ypepti des of the present invention may be prepared by culturing the host
cells of the present invention in a nediumunder conditions allow ng the
expression of the nucleic acid encoding said fusion pol ypeptide and
recovering said fusion polypeptide fromthe resultant. culture. [0108] The
present invention is further direct€#% to a nethod for nodifying the
gl ycosyl ation profile of a polypeptide produced by a host cell, conprising
introducing into said host cell a nucleic acid or vector of the invention.
Pr ef er abl {064t he ndFdE.f 2%ed Thel yapleist 4citie séquenie) Gnd raminof acidysequenceher eof
conprising th : O o NBS T B d . . tide is IgG 1l or a
x%g@ﬁtgfe QUL oy Gﬂ%fpﬁ fﬁ%égxl%gﬁm%ﬁe%ﬁ@ lﬁ%ﬂ&&l.

f
fragment ther onprising the Pc I'n” another preferred enbodi nent,
t he nodi fIMEE] pol yFl@Ht MALDISTGE-KE specimupefotusizioliptsaachiridemirxdom a regi on

equi val ent togk t@’:ﬁh“’ﬁ%&gﬁf’%Cﬁmzbgﬁﬁ%‘[ﬁﬁg}“m&ﬁ“ t invention is

further directe ost ¢ S conprisin cl el c "aci ds” and expression

vectors of t hexodusedindiEEa3-FRNS wellsdmbfrsiodwith antibhdy grpeesionveptaention is
directed to ayRaskd Aty D palfRf £bA caMRY RfurRindlBgcthecBRfieuC! €1 ¢ acid

encodi ng a fusion pol ypeptide having N1, 4)-Nacetyl gfucosam nyl transferase
U activity oPerepicpaseddnd nelyred as desqribedin the Materials g e%}oé'ifé'ﬁt@ﬂa%e ("Gal )
activity, in gpmpent sufficient to nodify the oligosaccharides in the Pc
regi on of a pol ypeptide praoduced by said host cell, wherein said

pol ypeptilﬂgﬁﬁrs self&eéd QieMyreptrR Y apw] pliposrechandhBi% ant i body

nol egu: e, an advedash récbﬁanmﬂ,}fglycaﬁgineerm:fmgmfircﬂzeicnixﬁelﬁatrgmncI uges a region
equi val ent to_the Fc regian an, .l obul i In. eferre

enbodi ment , tﬁ@%fﬁ?&&%{%&“ﬁ%@ﬁ%gwgﬂ#?ﬁ"tﬁﬂ&g@tﬁégﬂﬁﬂﬁ@‘%}’g@ or a fragnent
t her eof . Most expreafiarabibypETRIE20m0d fhgien GeTIE polypeptideckphegsiqpiectonost cel |l is
IgGl or a fra reof, Alterpat. vel th oly i de..produced by said
host cell is &ﬁggﬁlgﬂgﬁtﬁgﬁrﬁs% fﬁoﬁlc u %%ecgmr?ae”éiiogg&écﬁg?n\?a ent to the Fe
regi on of a hweeprepgéd andanglyzedlagdaiscribpdii 1o MelvaalrmdiMdtipds etioppEpt | des pr oduced

by the host ¢ - b O F Rk L pt or bi ndi ng
affinity and/ gjr‘g’ﬂﬁ’%% é&s@é@%@éﬁ%&‘ﬁéﬁfcﬁ%ﬂﬁw {é%‘-%%gg“g‘%?‘ie@gﬁet of the
nmodi fi cat i on. withedadditibrialenzyrhatic freptment §B Plifsacckacideproftle ofiPhidiasel- af finity is

i ncreased bi ng‘&&°h9°5§°°fﬁ%{?%ect gyﬂggs@g“&tgﬁg&mr, such as the FciRIIla

receptor. The 1 ncreased unction Is preferably an _increase in one

or nore oif%7he f olH@EANJMALIETEME Frestumal drputad plaserepharide M| ar
cytotoxicity, diriied B&R stoRRhiROftodgReRGENIRCRk A RcniRe gyt 0si s (ADCP) ,

i ncreased cytokjne secretion,. | rgased [ ne-c rrp: e_g{-agtg;dl ated antigen

upt ake by ant F’ﬁ’@ﬂ%ﬁ%‘%éﬁ?fi‘f*fﬁd’&ﬁg}?%é é?i“@éf- oLe| | ul ar

cyt ot o>r<]i city, eiﬂ%%ﬁ@ﬁﬁ?fbr l@-'E"éinﬂlg, fusiodNIGnTHEt bcﬁypebﬁular@pﬁssﬁbn:)&eeﬁf ng ;o .
macr ophages, | i nding ta. po i, phonucl ear ce PMNs), increase
bi nding to mﬁ@%’?@?? "‘P‘E(’f‘?"‘ﬂlﬁ’é e?‘?é@@%ﬁﬁ%ﬁ’@’%ﬁ?‘br"ﬁ%‘f‘- %’ggﬁ% ant i bodi es,

i ncreased di r datibody gmplutifig fioaculhirangedapopiioigosacchandeseasptbpaeddriti c cel |

mat uration, and, ipncreased T cell -prim A.011111.n artjcularly preferred
enbodi nent, tﬁgd aﬁ%ﬁ%ﬁgse%lsm-g?&ﬁ% Iﬁ%@@ﬁ?ﬁ %%ld{elﬁgd%e%gfc%@%ieg' BHK cell, a NSO
cel |, a SP210(#&ePligosmchaBdenpuifitnef B¥GiseF-wl@@xXeBosmodeadeanmifbonm cel |, a PER
cell, a PER CQsff ELIe&Ep ; j 0@?0- gt iidg. produced by
said host cell 1s an n??{%%_dgﬁ{én ggﬁ%}w}%ag%ﬂrg@e@%lgg Tn anot her
preferred enbeisosseharidesfetheiyligestedyith Brgohe chi neric and- human EOM

monocl onajgpgdpt | DO GEE 2hntibb nlidht eighed dyRRxicy QA nilid@a By nucl ei ¢ aci d
encodi ng a fumpn_p%ﬁy(g%otl le of the invéntion, the host cells of the
q] -

i nventi on may ShigeR Pofutigedies ielycesginesaicby sxRFreRn B Pei ¢ aci d

Encodi ng an aEBNthl_}éomhtaléiélaad@@M@%Tmmw;wéﬁa@w&alg a funct ihongl
e region, or a fusjon protein that inc e regi.on_equivalent to the Pc
regi on of an i Eﬁgﬂa@l&'@??‘W.‘mllﬁlﬁ?ﬁg?eérﬁwﬂg@ﬁ}wag@m‘f%@% | east one
transect ed nughet theadinll-GATIBEGSdiBE mlkid acfdR Oxpidddet Ritieky on ithewic hi mer i c

anti - human neur obl ast oma nonocl onal anti body chCE7, the chineric anti-human
renal cell carcinoma nonocl onal antibody ch@50, the chineric anti-human
colon, lung, and breast carcinoma nonocl onal antibody ING 1, the hunanized
anti-human 17-1A anti gen nonocl onal antibody 3622W94, the humani zed

anti human col orectal tunor antibody A33, the anti-human nel anoma anti body
directed agai nst D3 ganglioside R24, the chineric anti-human squanous-cel |
carci noma nonocl onal antibody SF-25, an anti-hunman EGER anti body, an

anti human EGFRvTi | anti body, an anti-human PSMA anti body, an anti-hunan
PSCA anti body, an anti-human 022 anti body, an anti-human CD30 anti body, an




-39- TAGr72 anti body, an anti-high nol ecul ar wei ght nel anoma associ at ed
antigen (BIVIWAA) antibody, an anti-GD3 gangli oside anti body, an anti-GD2
gangl i osi de anti body, an anti-6M2 gangliosi de anti body, an anti-human
gangl i osi de anti body, an anti-EGFRvII| antibody, an anti-integrin antibody,
an anti-CD80 antibody, an anti-LeY antibody, an anti-mucin antibody, an
anti MJCl 8 anti body, an anti-human CD33 anti body, an anti-human CD38

anti body, an anti-human CD40 anti.body, an anti-hunan CD45 anti body, an
anti-human CD52 anti body, an anti - n CD 138 anti body, an anti-hunan
HLA- DRvari ant anti body, an anti-human EpCAM anti body, an anti-human CEA
anti body, an anti-human MJC1 anti body, an ant,-hyman MJCl core protein
anti body, an (%bP‘b’mﬁﬁﬁWﬁéﬂW?e t@’ﬁ‘?i’ﬂ"l’d&?’%%lc gethEswithady, an anti body
agai nf]t humm%%ibama%&%gmam R’ .s%mﬂﬂlah:ﬁﬁdmiea,h@aoﬁan&tmnai n, | or gn |
anti - human HE ant i body. . 13] The present invention is also directe
to a method f“Bﬁ"Cﬁﬁgﬂlﬂ’E‘F‘Wd@éy ?féé t &’é’r&"}ce& i HEK2BHENL 6781 i si ng (a)

cul tg_ri ng af hagdfectsd| Wit AgibRICdp@ssion exp FBIR1320. | aa?%pldem; aycl e Ic aci d]c
encodi ng a sl an nol ypent | avi ng, P 4) - Nacet yl gl ucost uni nyl transf erase
111 activi ty%ﬁ?’,n eé‘l‘?&%‘r‘?ﬁ f?f’g;i@a °éisf‘%li’?§’%%%’lﬁgﬁosyl transferase ("Gall")
activi tyJooe9jder CcBEIEIBO.I OFcgannhaRItia pedeftort bindieg [of afiinehc aati@iD2a pol ypepti de
sel ected fromthe. gr.oup consisting of . tiho l.ecul e, an

ant i body fra&%ﬁ?ﬁ‘%%ﬁ?ﬁ‘?’?&“ﬁ%ﬁﬁ Bk @3%%%?1838 g%d‘gglelfusi on protein

t hat i ncl udescid enavging B MaylliGrEIIE fisioh polfieptidecwheargyihe GBI @nalitiomunogl obul i n,
wherein said §1sd | e I [ 'E}ﬁ . gl ternatively,
Gl T activi tydofﬁgj!ngg}ﬁ%ie%ésée ?]itlenl.gqn ax%lﬁ;b% Su Efdl‘)%g%’n%ﬂ_ 0 eﬁr}gﬁy t he

ol i gs)sacchar | @gEIerpodingmiclricragdiionpiofsedeither opdts ppm Gptitiedie Cptloduced by sai d
host “cel | ; and (el S8l 8 luibod? poRHeYREPIdstifer With & R GESd enodi ment,

the fusion polypeptide conprises the catalytic donmain o
[ 3( 1, 4) - Nacetproging Ml ()| ©rtan e apmedified; reeqmpingnt a8 a0y preferred
embodi ment,  tdinefib! RIANRNRRLY PERI feddckt ih R 20RABITA SaR thilecfsrl 9i | ocal i zation

dormain of a Gol gi .resident polyp_eptide. Preferably, the Golgi |ocalization

domai n is t he¥ifigRihody RPresTPiIEHA PRI 20rdtinbiadingssay Yis peformed as

P(1, 2) - N- acetdeibeann 58 Mafiihik ransdiRuastio of Kiakblke1. Alh@iMRatdNel y, the Col gi
| ocal i zation domain_is se ted fromthe group co |sthcglghpgf: t he
| ocal i zat i on UBTEMEF E5CEpYR gn fheir fpface wspedgo BA in of 13(1,2)-

-40- N-acet ylapentgeanownot ib plodiceFaaemRTaedpibhge.| nmoLypaatiran domai n of a

1-6 core fucosyltransferase. The polyp eptides.produced t he net hods of
the present (SUbHPRG R st & £488 e BhoncbRal H HERRler i (y and or
i ncreased ef feodinpseqhanra)t GoometiRrmadas fladyésyened inenditpnoncemsedy&ALCEct or function is

one or nore . LG w1 ye Nl E%ﬂl s r cytotoxicity
(including i ﬂ{?‘ﬁ%g‘gg alh%’%%y_hﬁ@%%@éeﬁﬁhoggi& a?_ﬁng%f‘%?%%#g?t y), increased
ant i b;)_dy- depM@?W@%@%{Wﬁ%@;@%@ﬁsgyt ol ci ne
Secretlon, I Nfsda§a3 Gf gt AR G THEH k611 2 Udd y

anti gen- presenta?ng cg-l l's, i n%?eased bi ndi ng tﬁ}g MC cgl I gﬁ i r%creased bi ndi ng
t o macr ophageZsaphdilysnesifipatibedydregmentisroigtlds, i ncreased binding to

pol yrrcapgmupl ear FRebl.s Conpmen sediadi toslxising BRtHimgic G209 apopt osi s,

i ncrease cross.{)i nki ng of, target-bound ﬁﬂ% |.es, Jn reals.ed dendritic cell
maturation, JFUPNET SyEqspeRestefl Py exprersin iy ! - &8 atE BEEICe cept or  bi ndi ng
affinity is pickfeacalgy Madk-GAIE dusivn peliypatide) whae &etUnTHI cardyticecept or s such as
[0114] I n anot her. enpodi nent h r.esent_.nvention is,di ted to a

pol ypepti de p?ogﬁéggc%ﬁe haeth%?rﬁ{) %lg%?ca{iﬁ%he %@gﬁt\‘r}%eﬁe%% has an increased
propor tion of GifilEectodulg ovdgosEice xaressié sitienont itve wh éantllegly Gbrtpdr sai d

pol ypepti de. Jo&xﬁé&e@ﬂph@%ﬁ&ﬁﬁgﬁﬁﬂﬁr gageg%i'?x%re@@ YRR udg REaduced by the

met hods of the 1nvention has a oportion of nonfacosyl ated

ol i gosacchar i aresliigMafe(CRo. Cwlgh 81 wimodifivde sgorbigst S2BEIanti{d?20i cati on. The
nonf ucosyl at eg: ol i : 3 Il saapl ex type. In a
particul arl y%@#gﬁgﬁgﬁn@ggﬁ%?@{%ﬁg %%Eggtﬁ%e*%ro uced by the host

cel | s and netWowstibgdy expeessipn estor BTRIAX. an i ncreased proportion of bisected,
nonf ucosyl ated ol i gosaccharides in the Fe region. The bisected,

nonf ucosyl at ed ol i gosacchari des may be either hybrid or conpl ex.
Specifically, the nethods of the present invention nay 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

| east 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% nore
preferably at |east 75% nore preferably at |east 80% nore preferably at

o, ~r—nzs Y o, ~ NN g, ~ N




i ncreased effector function is one or nore of the follow ng: increased Fe-
-42- nediated cellular cytotoxicity (including increased anti body-dependent
cellular cytotoxicity), increased antibody-dependent cellul ar phagocytosis
(ADCP), increased cytokine secretion, increased inmune-conpl ex-nedi ated
antigen uptake by antigen-presenting cells, increased binding to I4K cells,
i ncreased binding to macrophages, increased binding to nonocytes, increased
bi ndi ng to pol ynor phomr ear cells, increased direct signaling inducing
apoptosis, increased crosslinking of_ target-bound anti bodi es, increased
dendritic cell maturation, or increased T cell primng. In a preferred
enbodi nent, the increased Fe receptor binding affinity is increased binding
to an Pc ?ctivatin receptor, nost preferably FeyRI|lla. The invention is
further diP&ted t Géﬁ@?ﬁ%dyBHPﬁﬂﬁbﬂF@“Uﬁﬁﬁaﬂﬁ%ﬁéTBHEZﬁELﬁéﬁion and fusion
proteins that pemRigagdecya regi on equivalent to the Fc region of an

i mmunogl obulin. Such anti bo fragnments and fusion proteins exhibit

g S
i ncr eased [ ecepflFid3 b Aed aFxurssFIen vestans £ fusion erolsMale®d B ct or f uncti on.
[0116] The preapabGanv@ntion is further directed to pharnaceutical

conpositigns conprising the antihodjes, antibody fignments retaining the Fe
regi on, agﬂ?ﬁ]usi onh%raﬁt ei nsOIF’?ﬁW“R“@“‘% pefle o %qﬁi/‘@zgrﬂm’t"&b‘ﬁie Fe region of
an i mmunogl obuhiibadProduded if B $fdncd dfv Munhd3Mas IChnd repifiod pepebdes cal | y
acceptabl e carrjer. 10117] The present_inventi.gn i urther directed to the
use of such pﬁgb’ﬁﬂﬁ’@ siﬁlﬁ?f%%%ﬁ?gﬁﬁ%pqwnt%@eﬁﬁiﬂ d of treatnent of
cancer. Spwad]f i cal FIg,35t((AandBe s e Oligdsavviantie oprofile hifr eat edti-C26 net hod for the
treat ment of L. CORPrii S inisteri a. t her apeut. ly effective
amount of ¢ he SRR oA BeRisE os e ok PRIBAEASLGAT o7 ) e
present i nventzpdulatics pailcentagds ofdctsontnre fambssiciapdidtheFonptionsifthg an expr essi on

vector conpri s ¢ G I I ol ypepti de,
wherein the f%‘?‘%ﬁﬁggﬁég%g%ﬁ‘% %ﬁg%%f%g?gﬁ@%ﬁ%ﬁ@g%%ﬁ%’% transferase DI
(Gni 111) W98%i vi t yFIERE conpiatibedy nredaceddn §p pregsed 9f 2d¥quapsi in of a Gofi

resi dent pol ygmm%smemmfﬁ&mx&ﬁ&wm&éma ghucl ei c acid

nol ecul e encodi ng ‘a pol ypepti de, erein the ypepti de ‘'has mannosi dase
1 (Man I1) aé?@%@?%. In preferred enbodi nents, the nucleic acid nol ecul e
encodi ng fdeef usi onGRgl YP eRitive®-@pdatnd Reliiie | §lokxidly thelRe@GY! € encoding the
pol ypepti de hayi ng mannosj dgse 11 activity are on the same or separate

expr essi on ved§pPagnsee e X401 r ed enmbodi nent, the -43- fusion

pol ypepti de conprises the catalytic domain of GhT 1.11 In an additi onal
preferred enbodi nent the Golgi |ocalization domain is the |ocalization-

domain of Man Il, P3(1,2)-Nacetyl glucosam nyltransferase I,

0(1, 2) - Nacet yl gl ucosabDEmTOLETANESERIAEION OF THRINMANTIONe | or a ,6-N core
fucosyltransferase. In a further preferred enbodi ment, the host cell is
selected fromthe group consisting of a mammalian cell, a yeast cell, an

i nsect celi®73nd a Prantrecwstd herfp @f pameblly used frethh @et undest pthérwisea CHO cel |, a
BHK cell, a N%Qﬁ&gléfou SP2/0 cell, a YO nyelonma cell, a P3X63 nouse
a PER cel |,

nyel oma cel |, " a PER C6 cell, or a hybridoma cell.
[0078] As used herein, the term antibody is intended to include whole antibody

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

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

carboxyl-terminus.



(0119] The invention further provides a host cell conprising an expression
vector conprising a nucleic acid nol ecule encoding a fusion polyp eptide
having P(1,4)- N-acetylglucosam nyltransferase DI (G1T D) activity and
conprises the Golgi localization domain of a Goli resident polypeptide, an
expression vector conprising a nucleic acid nolecul e encoding a polyp

epti de, wherein the pol ypeptide has mannosidase Il (Man It) activity, and
an expression vector conprising a nucleic acid nolecule encoding a

pol ypepti de, wherein the pol ypepti de6has

R1, 2) - N-acetyl gl ucosam nyl -transferase Il (CGnT Il) activity. In preferred
enbodi nents, the nucleic acid nol ecul e encoding a fusion pol ypeptide, the
nucl ei ¢ d8088] nol el wedchrau)i thy team predigrpepivabie: athe g Jamnaéf activity and the

nuct et ¢ act d_ ol £0598h00, RROIRRRY LSBT Lnpct VI LY are on

the sane or se € expression vect erre hat the nucleic
aci d nol ecul eFergiodphap m@mmmw@ammlmmalmm@m on vector,
and, the nucl i L&C I i i.hg Man 1|1
activity and %cﬁﬁc%ﬁg ac?&dfhmﬁ{]ecu(?eemg%c |‘¥nlgm:% 1.’Igypep I'de having G1T 11

activity are @hst@ﬂﬂdl}s‘@ﬁeblbtxwf@@smnmg@mm rmd@tﬁ efipdign s t hat t he
nucleic aci d aRlSE W 91!:19:9 c@rlu?@%étoﬁlﬁ DL &S5 vector, and the
nucl eic acid nolecule encoding a fusion peptl e and the nucleic acid
mol ecul e enco#iagackds b felgied ﬁ%‘w tma&wvﬁtha?caqg@neﬁ t he sane
expressi on Vegdiimundghbaihiiht seitneh TR biobRita fldioh | SukBvathtone expressi on

vector, and the nucleic acid nol ecul e encoding a fusion pola‘gpeptl de and the

nucl ei ¢ aci d FEtReeHieted gsrorinaiReeaery sHcs ke i e prh oA 45 b besoirimalict i vity are on
the same expr gﬁc‘étdh&ctg@t?/t Fee, ﬁg’ aemelulowzau rscaﬁbeadxilstosqomg@spect t he

i nventio irected t ost ce risi n.exp on vector
conpr|5|ggﬁilnuclé?c'§ dgﬂﬁFecﬁlémgﬁcdgy fu Y8R d%?iggptlde wher ei n
t he fusion pohopp(gmcoﬁmrdybzansjr‘e%@kHﬂémgai"mmﬂsionaﬂsﬁe@ﬁmma(&n) activity and
conprises the Io al n of .a pol ypepti de;
and an express?c))iﬂ9 rw% inggﬁngnig °3F%?% 89 %Q%Te encodi ng a

pol ypepti de, mﬂmgeetmﬂieh&lmﬂymmbmcﬂeoﬂﬁﬂ:s mmnms;,llcbameoﬁm(mm 1) activity.
In preferred embodi,nent lel ul e encodi a fusion

pol ypept i de aﬁﬂgﬁﬁdmﬂﬂﬁsg? g@?%&ﬁﬁP% %eg%@%ﬁm mmgm%%ﬁgﬁggtide havi ng
mannosi dase | siméat koyi buy mtenmam—ilbe 1@11@1 etx,praess:hury wécR(b#)Nr separate
expression ve Pr ef ra SIO XE e conprises the

catal ytic donawﬁ&%l%ms@ a% | ona ABOAI ﬁ%%’fmp? rrB'Gol gi

| ocal i zati on UMHTanetylglumamhﬂmahafembl @ cﬁactﬂal%) ofdvbmding| to the

13(1, 2)-N-ace f

N-acetyl gl ucogg%gdny rans %}Qe@ ?rﬁ'f% ﬁl{eﬁ%ﬁé}%&%‘]ﬁse IBmhemlfu% core

f ucosyl t r ansf W@s@ﬂﬂiﬁoﬂ(yﬂﬂwmﬁmmcﬁlﬁ@lﬂ%@ e is selected

fromthe grouaqtﬁmmaﬁt'awadaim&nsgamméamh@ﬁlaaed@pex&aaldoa%ﬁ an insect cell
or a plant cell. Preferably, the host cell is a CHO ¢ a BITK cel |,

0.117180 cel | 1"“%84“@2?"6“&9@“[’thatafﬁnfb“}ﬁ}@?@ﬂﬂ“@éﬁmnyW?R%ﬂﬁrﬁb‘ﬁse nyel oma
cell, a PER ceiler s@bsBﬂBusZ@wa} o tHRI doBe- he,saraeﬁterm « Bivin adu%ﬁusl n an

addi ti onal aspect, tion.is directe h t C conprising an
expression ve&?”ﬂ?mééﬁtg?b@ ﬁ%ﬁ%’&%ﬁmﬂE °FF5EI Litiv ﬂ?t?lg a fusion

pol ypepti de, ypblgsepiids wilhexhibiteteater @ﬁhwmﬁﬁm trdﬁ: tllimabohez(slfom)less and,

gal act osyl trans n r| ses, t I | ocal i zati on
donmai n of a & e’%?téfl a"‘m yﬁ\e{m%&i%i? 5 ghd dé'??ﬁ? rgggﬁago ’g’éct or conprising
a nucl eic aci mormltmulabouenmfmig h:sqocﬂcslpbrptreleteie whethei P(1LERY- pol ypepti de has
mannosi dase | &ln; ﬁ;ﬁ;!;ﬁ nd an expression vector conprising a
nucleic acid hcoﬁhe@(bloe encodi ng a ype ti de, wherein the polypeptide has
po , 2)- N-He8 y| gl Jesaswlbensipl afurieonps V'GM‘F)‘&@!?C‘@E!WWEW’G Preferably,
each nucl ei ¢ agllyiss ARk Eara e%ﬁﬁgﬂsﬁﬂpéﬂgﬁ:}éﬁ% thhhrFbRAPAT at €

enbodi nent, each "nucleic acid Hﬁ?ecu 'S on eparate vector. The

i nvention furPﬁ@ﬂer}hbﬂdﬂ’@%‘f’f f gtlactase residug Eore B Eﬁﬁ‘?’ﬁ'ﬁee’@dlleen@ncodl ng a fusion
pol ypept i de i geqfdn BARES fihd VeI Iked JRBEhadchRiaBY Ot ifc1ades d ol ecul e
encodi ng a pol ypeptide having Mani' activity and the nucleic acid nol ecul e
encodi ng a pol ypeptide -45- having Cnil U activity are on the sane
expression vector. The invention also provides that the nucleic acid

nol ecul e encoding a Mara is on one expression vector, and the nucleic acid
nol ecul e encodi ng a fusion pol ypeptide and the nucleic acid nol ecul e
encodi ng a pol ypeptide having G1T Il activity are on the sane expression
vector. The invention also provides that the nucleic acid nol ecul e encodi ng
the GaT Uis on one expression vector, and the nucleic acid nol ecul e
encodlng a fu5|on polypeptlde and the nuclelc aC|d nDIecuIe encodi ng a




vector. In a preferred enbodi nent, the fusion pol ypeptide conprises the
catalytic domain of Gl T. In a further preferred enbodi nent, the Col gi

| ocalization donmain is the loca lintion domain of Man I, f1(I,2)-N
acetyl glucosam nyltransferase I, R 2)-Nacetyl glucosam nyl transferase
mannosi dase | or a 1,6-N core fucosyltransferase. [0122] The invention
further provides a host cell engineered to express at |east one nucleic
acid encoding a fusion pol ypeptide having Carr fli activity and at | east
one nucl ei c acid encodi ng a pol ypeptl-de having Man U activity in an anount

sufficient to nodify the oligosaccharides in the Fc region of a pol ypeptide :

produced by the host cell, wherein the pol ypeptide produced by the host

cell is sel echsich olypeptitidsexigvitngencymasic stivizgsioilar b, Wodteeamtilgody nol ecul e, an

anti body fr agpRnig Fof:lg% ﬂghgfﬁﬁﬁ,@@ﬁgéﬁ%ﬁ%ﬁl th tﬁ%&% ﬁ%% 2 tﬁf}gi on equi val ent

to the Pc region o Irn e 1nventiton al so provides a

host cell endiahCGleiNad B-0,4ealactesyBramdferhse aEC. ahe1.BR)C heoglimgctod thencodi ng a fusi on

pol ypepti de ving .Cml111..actjyvi t l.east opne. nucl.eic gcid encoding a
pol ypept i de Rﬁ%%"%n{:%ﬁ%? ?ft%f z’gtg?gb@ﬂﬂeﬁrﬂ%q 8?@10%61%9 n adi ng a
plo! ypept i ﬂe Mthmy:B}pleygiC-HmMB)’,w?éasguahnapnﬁw_héhiufogicgimﬁ, Lo [rﬁdi Ly Ehe
ol i gosacchari ges regi o a e uced by the hos
cell, wherei nvz;i °él”{;§‘%ﬂt“€%’5%‘fel’%“§ 6¥'(r)]:5ﬁ188 °§§‘4r¥‘ﬁ’é i%%lﬁﬁ%g?qes?xésgsel ected from
t he group coritinedi 1oty bofidenticehdd dhabof iPhlotgalnaibspitralséerasanbu methdsody f r agnent
and a fusion | [ 1,.QJ | he Pc region of
st 15%9?} t%h%%ﬁ%égggﬁaﬂcggl a%&{eﬁ%*w S%Bﬁnﬂgﬁt& 9

an i nmunogl obi n. I nve on additio provi des a host

cel | engi neertbt| Pl f)-ealpotospltrangferape st teneandidale eplzpepideawiingdiitng a f usi on

pol ypept i de hasteRghtitie) of né Eote\han Wb RPE5-Rid 12! pr@B 1y HGthidheGhafCi d encoding a
pol ypeptide having Man la -46- activity in an anmount sufficient to nodify

t he ol i gosaccReigidd kess aptiydty,ppd meg peirrably sotgwre fragbew @ussrfdlduced by the host
cel |, wher ei Neds BRIvAPILRGNH HRISMNOHMeHEIRYatihiaRskas6Bl) 1S selected from
the gr oug ﬂgﬁnm stgn% olﬁﬁa .\rii\hol E’aant |.E dy. nol ecul e, an anltl body fragnent,
and a fudi%H pr ot BY ArYeifigacid praofygudecy ‘g’d ApglsPRfgreanTetdl®the Fc region of
an i mmunogl olfbrexahfld 5%l "ienticale pod refefencucidstide squent e thye&emt | nvention al so
provi des a hast cell .engi r to.express at Jeast one _.pucleic acid
roodi ng o JEieEioh b B F s RGBS 3 5en R or ey IR, “one muc ef ¢
aci d encodi ngdeatipdiofizapiiente stynericegkcdi thal the mhduddotilecagten@meynucl ei ¢ aci d
encoding a p i | j Vi | ficient to

nodi fy the Oﬁ%ﬁ{eﬁ%gﬂ?Fn?@é@t%ﬁ%ﬂ%ﬁ%&c}ﬁé&)?S%ergﬁ&g%gg}%géfg% "de pr oducedby

t he host cel |ouclpptise stquenche Ipothypwptds,de gbtabda pelihulpotidechanioge cel | is
selected fro : i §do "ﬁ)&q‘% lgcul e, an

ant i body frag#elgﬁdggﬁg&g‘f?il}gﬁt%%Aﬂ%h?giﬁﬁar%%%&innc Edes gﬁ?ra’eusi on equi val ent
to the Fe redp 8% obthemiclaotidesivdey refbrence smperce paybageleled er sgbtipisdpt i de pr oduced
by the host cgkl adilet RiclestideN6F £a8B6kr 6§ ni@S%BMGH tBIsHAbNGe Athii Nity as a
result of the npdjfication, In an additionall p,refﬁrred enmbodi nent, the
pol ypept i de Mﬂﬂ@@%%?etrﬁ@%sﬁeq‘@éﬂ may ke d; igtor Be JEFeRYf ect or functi on
as a result ofeqiche. ThebublyGafutbmomaybethesntaRlsstuerdch shoivh &1 BG@IG.ef f ect or
function is one I gg)re of increased Fcnedi ated cellular cytotoxicity,

i ncreased bi .°ﬁ§‘% ‘MC cells, increased binding to macrophages,

i ncr eased®isdldi ng the apoicyoabmitien mbethecany patitwar nidlde sddmdlebilfich ng to

nonocyt es, | . qi 0, Sd ol Qo1 4:S .. hCcr eased
dendritic Ce%ﬁ;ﬁ%ﬁ?gﬂl%aﬁtfﬁbg,h%%{b,ﬁgﬁé%g%gﬁg9?‘%?3 9%"?‘?%1“%%{3 [0126] I n an
addi ti onal enbwdieotish sequenneoripniypaptidesmaqiencedf the pressucetinyentiomsatsd f or pr oduci ng

a pol ypepti dedﬁmmﬁ&mﬁé{ymiﬁmg%ggﬁgtgﬁ%%j ‘ng&ngﬁﬁ%ﬁloqel | engi neered

to express at | east one nucleic ac ng a fusion p yfpepti de havi ng
Gl U acti vi ioydmmthcéess@ve@ii@a&hhew@iaa}l%seauf@#_c(eaqqhgwao pol ypept i de
having Man | fmaglebeht inverdtiBiieind GORdielt LRRNUNbISH redpfetd o R@IdBEIOUCt i ON Of a
pol ypepti de selected from'the group consisting of a whole anti body

nol ecul e, an BAtePBRligmRent gHdsdetergrred Ising e BASHYR EUmnyter ARE™2MNnc| udes a regi on
equi val ent tObaEJH%nﬁ?ﬁaIg&%tﬁBfEiﬁtla%@t&LUUMﬂQ&éf;@BtUJoi R23ndas(®be). he fusion

pol ypeptide is expressed in an amount sufficient to nodify the

ol i gosaccharides in the Pc region of the pol ypeptide produced by the host
cell; and isolating the polypeptide. Preferably,

[

H
i



-47- the host cell is further engineered to express at |east one nucleic
acid encoding a polyp eptide having G1T Il activity. In an additionally
preferred enbodi nent, the fusion polypeptide conprises the catal ytic donain
of Cil DI. In a further preferred enbodi ment, the fusion pol ypeptide
further conprises the Golgi |ocalization domain of a heterol ogous Col gi

resi dent pol ypeptide. Preferably, the Golgi |ocalization domain is the

| ocal i zati on donai n of mannosidase Il, [13(1,2)-
N-acetyl gl ucosam nyl transferase |, f#nnosi dase 1,
(1, 2)- Nacetyl gl ucosam nyl transferase Il or al-6 core fucosyltransferase.

Preferably, the pol ypeptide has increased effector function as a result of
the above nodpfdquate alignminOth@Fiery ddeibjechremtnceard WHIINA brgmendésr ected to a

nmet hod for pr gg@r g culturing a
host cel | eng%ﬂ%@r %q@u&%@@%@%ﬁ%%b?easfﬂﬂéesﬁoﬁfc% el?lg a dk%ha;odr ng a fusion
pol ypepti de halﬁbaig%qmq'almnmtnsmypemldmhfke%tsﬁﬂr@rpemawmmedmca acid encoding a

pol ypeptide h Ejrifa ennit the

producti on of %X'S teilndggs %étﬁe%g%r om t {egé oup con ing of a whole

anti body nol eM}h@‘Uutmankrhmdﬂ'ﬁl fMisgatelnt Penaltyerla mesngor?eipﬁtm@r n that includes

a region equi al®RizaéR EB& E&g%—@'%@éco%l' gigiherein the
I'n_an amount su | Ci ent to nodi fy the

fusi on pol ypcgtl de 1s ex{gr esse
ol i gosacchar i §englty 03, Wandow Sizg73i08 Ar thy lengthof fig pupirstioplentidpsegitsitéed by t he host
cell; and isom{chmlgh@naol ypeptide. In an additional enbodinent, the host
cell is f her en red to express at | east one nucleic acid encodrng a
pol ypept i qlnaw n T’F°FtF%WFVF%W“W§e@P%¥W“mF%W oAt pol ypept i de
corrpbl ses the3mareainy,mbﬂaeehawmteﬁfa1@h3ns, sHh:0a] pirb@innast Hesnalihrat t he fusion
pol ypepti de f he rrses t‘g Gl gi Iocsr7at|on inolif a
het er ol ogous g?o"f’ ‘?h%%ef %%Apﬁ (PO &P mm?ﬁ’n?'@‘} gi localization
dorrai nis the 31tﬂmadubmaifltm13ubjmaqnem wﬁamhmlaﬂmrderht idédfity. For

, 2)-N-acetyl gl.u n SEn OO i.dase 1. 1
N—acetyl gl ucogué) b a'}ans?&ufagesdzai 3 F')' qum? et%tqggc%ﬁ/eﬂlfegéaehsff erase.
Preferably, thercqnbidymptswdeectﬁdsb}'lcﬂiclﬂmeht mwhberoif brses otbt pemy as a resul t of
t he above nodi clfil &a ket r nt, the
pol ypepti de pr%h%%éec}&gyar?ﬁﬁg ih%lsg. o )61 hﬂ% &ﬁ%{% egglg nQ‘?gir?g‘ratr on of
bi sect ed, nonﬂ@@b@iﬂﬂlmeédsqufm@i@eWb?d@@fﬁhﬁqqueﬂcp ‘Qﬁﬂﬂrﬁbf t he
pol ypepti de. Bﬁ&éoﬁﬁé%hhe&rﬁ@gm@dﬁ@&éﬁﬁcdmgsfuﬂé:&fﬁiélf'ﬁs?ﬂBQthﬂlgéaCChar' des are

hybrid. Even npre preferably, the bisect’ed, nonfucosyl ated ol i gosacchari des
are conpl ex. PRhgnmen; oThip rl’é‘de”é%ﬁdﬂﬁ?%ﬁt‘bmatﬁd femsthe pergent el about 10%t o

95% of the ol lcﬂamaromﬁé 3% FASTDE rE’&thﬁhQﬂre ecHiBE pRGhRERS | de are

bi sect ed, nonfupo %cr aI referred i.s t ategg t 20% 25% 30%
35% 40% 45%“%6 wcfs@é% BseRre. 85, comes g sogtsdh WhsEig s 5}5 95% of t he

ol i gosacchari dﬁ@omﬂﬂke@r&mgivmomfOﬂheas@ﬂcmmmngrsr@es'eﬁsepoﬂy@epti des of the
present invention are hisec on n additional ly
preferred enbg'H)PeCt se[qu Q'ﬁe ‘#s@g Ednbrirlrl\g/m ‘rg“‘%}'L“g he anti bodi es
engi neer ed accwtcbiedadigted mﬂlehﬂmetbowqueme hﬂe@alprﬂs@fwt therwfpnses@ﬁ have i ncreased
ef fector functiaong L‘g‘]ﬁ%g%,l_hg Snadd s&ﬂ@' enbodi ment, the invention further
provi des pharnaceu¥ osI tron onprising the antrbodres engi neer ed
accor di nglQ#1t he nitor esenpleod Qh?eeqbee@wencweh@p@malpﬂéiseEWy t he

phar maceut i calg u&@%%ﬂeﬁx%b%rc@ﬁtﬂeﬂﬁiy.p’fﬁ‘eﬁﬁﬁﬁods@m&@@'é?n@HPthéSe a
phar maceuti cal I y acceptabl e carrier. Lﬁ 30] The invention further provides a

met hod for th&"ecksaHeSE aﬂﬁ therefas 1ty § m%raggl’é‘@ﬁtpﬁi‘?eérnﬁbs@d’ni‘ nistering a

t her apeut i cal lmatcBédifighrhene of e Uit 1ofba§ebet BheadMerhe UDi pdireg ®ageOSi t i ons of the
present invention td gdﬁa&ﬁ)ent In ne tfhereof %pgﬁﬁ, The invention is
further direct®F e 3 ) g‘f"‘d A heses 2he FERYi ng i ncreased
Fc- medi at ed  C eladiédabtaliibobéroXbasestinythe quesy sbqedce)ad 0% isaaymactedsrarg cul turing a
host cell engineered.to.express.at., |l ea nucl e aci d .encoding Gal T and
at |east one MTEFE 1d§€q °§ﬁ%8§8’il‘ﬁ€&bw§’ﬁ%ﬁ§9§ﬁ8&§m@%@r O™ hi ch pernit the
producti on of 98 bed were pérfedity matbled tiedinkl roctthdentiy oplddbe¥8¥estth ng of a whol e
anti body nol ecul e, an anti body fragnent that included the Fc region of an

i munogl obul i n, wherein the expression | evel of one or both of Gal T or Man
11 is sufficient to nodify the ofi gosaecharides in the Fc region of the

pol ypepti de producedby the host cell and wherein the pol ypepiide has

i ncreasedFc-nedi ated cellular cytotndcity as a result of the nodification;
and isolating the pol ypeptide having increased Fe-nedi ated cel |l ul ar
cytotoxicity. In an additionally preferred enbodi nent, the expression |evel

of Gal T produces an anti body nol ecul e or anti body fragnent that includes
the Pb regr on of an i rrrrunogl obr n havr ng | ncr eased Fc- nmedi at ed ceI I uI ar

.. A PN A NN A T - Y o - o




havi ng i ncreased Pc-nedi ated cellular cytotoxicity in a host cell,
conprising -49- culturing a host cell engineered to express at |east one
nucleic acid encoding GalT and at | east one nucleic acid encoding Man It
under conditions which permt the production of a polypeplide selected from
the group consisting of a whole antibody nol ecul e, an anti body fragnent

that included the Pc region of an irosnunoglobulin, wherein the expression

| evel of one or both of GalT or Man LI is sufficient to nodify the

ol i gosaccharides in the Fc regi on of2%t he pol ypepti de produced by the host
cell and wherein the pol ypeptide has increased Pc-nedi ated cel |l ul ar
cytotoxicity as a result of the nodification; and isolating the polypeptide

havi ng i ncr easwwﬂﬁﬂﬂlaéﬂéﬁewlepup%ﬂ%wwwwloﬂhasaq%ﬂEf erred

enmbodi ment , tEﬁuﬁ@@%shﬂ%&m@&éﬂm@d&é&ﬁ%&d%ﬁﬁf&?ﬁkétﬁﬁ&@&a{e%@ﬁése&”e nucl ei ¢ acid
encodi ng GnT wher ej n s ex&reesse in an anount sufficient to

nodi fy the ol P’g@gé(ﬂt’ﬁh‘?ﬁ@éﬁblf%sm P B9t owsfchedidizped| Withdbst | de produced by
the host cell qapd mmr@se%aﬂa&eﬂ@ddﬁ?emmmﬁmmnm@ﬂafmwedl at ed

cellular cytotcodeity as a result the nodification. Prefeerably, the
expr essi on | eG¥festst: £, GRfyrbasey ' ardyy' of thehbieof seghenegWhichfTe 1Pl sufficient to

f or m bi sect ednﬁich@ﬁ!i@ﬁ&h/ﬁhthdq&ry&qﬁelﬂeed?&mmmﬂﬂrr&iedtf&}eNa@{h)ﬁpept i de. Even
nor e preferablgﬂy ‘B‘I B@Qﬁrt:ﬂﬁa iof bi secte ol i gosaccharl des in the Pc
region to tot g R madeiof the pirposes o fbégf T PRELPD | east  about 25, 35,
45, 55, 60875, 7(By a/folyp&flide Rbving 30 amrnoaadmmemt leaEi[ﬂaf' efampley, the
proportion of 89%’ l%gn %,, oI| g&g&&ﬁa&hgg‘ﬁlﬁcngﬁl g‘ﬁ”ﬁ& %gn t.o. tot al

ol i gosacchari 'S afféent. In a

pr ef zrred errbmﬂandtdrtha,ttbtelammblaséeaqedlcmﬁthﬁmhmpdvpeﬂm1sa:||demmltml ex of hybrid.
Preferably, t gtg;?aej: an insect cell
or a plant ce %r%écgttﬁaftera {p%ﬂ'ﬁéﬁhéseg %?a%mﬁ%% ant cell.

[0133] I n anot FFEﬁVEa@J@etedﬂteﬁéovmmmlmmﬂw@mﬂhsqmmwldo a met hod for

Produci ng a PRl UBERtH §lfer wbrdd t8\h¥in £fkypeptia Ok & Ao acid sequéce CUl LUriNg a
host cell engineered to express at Ieast one nucleic acid encoding a

pol ypepti de hailfasid>%-idomtinale p ausseamino agidssapencss uptoderofths gaing fhs whi ch pernit

the producti ofesifiesan 20 sithRPichEkRcesBALhd iRdnid, Qstbd) 6r SbSiMReCwSI Sting of a
whol e antibody npl ecul e, an anti hody_fragment, and a fusiop protein that

i ncl udes a r ed o Ty i g?ﬂ“%“@“f‘?fﬁ%e@elF E?ﬁewncﬁﬁmi’?ﬁ"rﬁﬁﬁbﬁ obul i n, wherein
sai d pOH/pept hﬂﬁohﬁﬁt{j@%r&n%hﬁlrﬁaﬁhdﬁ%thbﬁef&%gbmy abIﬁ seppice ss ed inf an a:jmunt
-50- sufficien i t he o osaccharides in..t chr i on of sai
pol ypepti de pra%"&l‘ H;DW‘”! trgipat pagions, dﬂtﬁrs%em%] ithen Frdg? §1§?d pol ypepti de
produced by samdnﬁrm@matﬂeref{:r&icaééqihmmmsxmirmommﬁgumgro&pal so directed to
pol ypepti des, Eﬁ qghbé bodi es, having increased effector function

C recep or

ancVor i ncreaseé I'nding as a result of said nodified
ol i gosacc¥@dflles asAsppracticabmatisn whethes any nacticklenpalypeptifieis atdsapd8Y:t i ons to treat

di sor ders, parss%%baaédms 9450894 49 oléh&aﬁwfefeﬁcﬂst pSEPgh@lchPn Of Nucleic
Aci ds Encodl n Protein %or /o(/\hl/%i 9\91 § fication The d ycosyl ati on

Pattern Is DegP %m@m%ﬂ%é‘?@ﬁ@%ﬁ%ﬁw@wfﬁw degreffgehods for the
generati on anguette ffdBedining the best overall match between a query sequence (a

sequence of the present invention) and a subject sequence, also referredto 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, Joining Penalty=20, Randomization Group Length==0, Cutoff Score=1,



cell systens for the production of glycoforns of antibodies, antibody
fragnments containing the Fe region, and fusion proteins which a region

equi valent to the Pc region, having increased Fc receptor binding affinity,
preferably Pc activating receptors, and/or having increased effector
functions, including antibody-dependent cellular cytotoxicity.

I dentification of target epitopes and generation of antibodi es having
potential therapeutic value, for which nodification of the glycosylation
pattern is desired, and isol ation oflt hei r respective coding nucleic acid
sequence is within the scope of the invention. [01361Various procedures
known in the agrt . may be used for t E:gloroductlon of anti bodies to target

epi topes of i WiwPwSize=seqnerre length i Pereltyiiamdre baplvaPe5, 1o nited to

pol ycl onal , nuReshEs@e.lengihioMBE iub; tmIaelagsauenwkvhwmmon&l ngle chain, Fab
fragment s and fra%nt S, produce é_fan ScFv, Fab, VI| ﬁG expressi on
library. [98¢h ant iByRisctseAnense 16 plgey fhan tl-:leguefy ?fguet‘}f""a‘&‘r‘?é% & or therapeutic

agents. fAs tgext@md Mde&u%@%tmauwtnte&mdeleﬂgnsadmanbﬂdbxe&uoﬂmlllsa, Ithose whi fch
conpete for n th_a a or adapter nolecule, are o
especial l'y pr ?’B?‘{;g"o“',’\%‘ﬁf“étf ett\‘sq Fﬁi@?#‘?g‘é‘gﬁgp %8? TSNt i bodi es,
vari ous host I o Nraihé Caﬁmmmmdgbmelsﬁmegtqucmhéh taliv@lati®y get protei n of
interest inc ted to, ra rat.s, etc.
Pol ycl onal %Pdtbﬂggﬁkcggtlﬁ?é‘g b%m' %téaqﬁa?feﬁﬂmﬁﬁ?dtsg%ﬁ]nﬁq%ﬁ SIS e ut aneous
(3_e) orti n{/ t amhnvdtoﬂeqﬁerxzeqm)cnaer;}:ﬁmmcmﬁ?y1stcbtmcteéb3e;§u1anmha geln and Fm
adj uvant . arhvﬂ%l: Ha{‘t%%: fstggg%/ &gﬁéu?e Qrd cg&aéq he) deunol ogi ca

I'ng on [ 9

response, depen cres, inc not Timted to
Fr eugd' s ( conpibizticsequmate) mwwgytchwahmedmtgelcmwﬂma@mem num

hydr exi de, Sufcﬁlafeeasaa‘bkﬂcéiﬁoﬁh@ﬁéﬁa&?ﬁftﬁ Qy@&uk&éuﬁ%&h&gbﬁm&)' utoni c

pol yol s, pol yani ons, ' peptid saponi n, enul si ons eyhol e | i npet

henocyani n, dlsmaﬁh@ﬁha?éﬁde@ﬁﬂﬂeébf@ﬁﬁsaﬁlﬁsﬂugs’@ﬂﬁﬂqwmtuvants such as
BCG (baci | e GalstpR@irt e (Ui sMra@BDndeR ik PEBEE faetty ARG theANi Mal s are

i mmuni zed agai nst_the antigen, i mmunogeni c COI’]] ugates, or_derivatives by
combi ni ng, e. ove FHBEPR progiag: ‘ﬁ?ﬂgtﬂl‘k@ﬁ‘?‘@tdd?aﬁmé g b“d‘té%r rabbits or

M ce, respect petgehliflentitytsBors méwfa@ﬁ t {Ren@tEdors isGaipls abd f@dheivant and
injecting the sol uti nlnt{aderrra at, rrultl&l(ag&htes rmnthlater,
|

the ani mals aPBPY5ERHS s gresqnt Rverfion. Cpiivipsidyes if the of peptide or
conj ugat e i n hibfeotrdquen@hyiisteans ndama&héamu‘gx&ﬂeﬁuhshdq‘mm@équene,aﬁe mul tiple sites.

Seven, to 14 da t he ani r ser um is assayed for
ant i body titef® n&iﬁe&%fé‘ “%O%’?) gﬁ 313’ %ﬁsm{gﬁhe ?er?enppae’?%sc s. Preferably,
the ani mal i sThadsoeyd query hesidhepasisiopsuguside thé fapthest Harmd Srttringsh, but

conj ugat ed torcgi'd{mfsgftﬁg@ub t%cﬁ:eﬂb and/ or through a different cross-1inking

r eagent. %uga es can pe made in reconbinant cell culture as protein
fusi ons. [0PPB81 NﬁWﬁ’@Pﬂ&lﬂame‘dﬂwﬂwbﬂmsﬂmﬂg@ﬁﬂmﬁW est may be
prepar edu5| ”91@5%31&@&&%‘5%[&%&%&%’&&&%&1&9 TecRigduGtdapn of antibody
nol equl es by continuous cell lines in culture. These_include, but are not
linited to, tEeMNigwmirdshiesdissregiracesnd derkrs (heddSTPBrUEIPt Kohl er and

Ml stein, Natdsenet3RowDRatBhing/Ai@hibdnt oﬁtheﬁrbcumlcﬁemtﬂemwbﬁm&orm t echni que

(1 Cosbor et al, |mrunology Toda [ 83 te et L Proc. Natl. Acad.
Set USA. 80: 2%% %Paefféﬁg‘jes Ugﬁﬂh@é‘%’é“ g }da‘i?é‘t(ml e et at,
Monocl onal Anthehd}dmisCatedmﬁiaﬁmeﬁatc’Ethvoapyuﬂﬂef Qﬁre(sﬂhemnﬂhe bwesys, | nc. 1985)) :

I n addi ti on, technl u uct i of ..ahjmeric

anti bodi es” ( P g?lﬁg/lss Ez%% efceﬁA&n%%cgmc H*‘téd'%f‘ﬂ%l 6851- 55
(1984); NeubeF48TDRprogram. N&Em@womﬂuﬁsae(ermﬂymaﬂa&&d&mbt at., Nature
314:452-54 ”ﬁé’é&m% 'vdo@h%% dobe ﬂe&h&eﬁéx%aé 996'%& ALY @&ﬂy mol ecul e of
appropriate ahtigen specificit toget her Wi enes from uman anti body
nmol ecul e of amﬂﬂwlﬁmﬂwa@ﬂtﬂtbg{Q93¢Slda€1qwswﬂ@&?ﬂmmelcﬁph%se t echni ques
can be used tQﬁﬂ{t&ﬁiﬂ'@e@eﬁﬁgsH%fe&e%@%xa@ghﬁ&mrtérﬁﬁﬁioﬁﬁes@ﬁ ecNt i body

nol ecul e of ot manmal s as wel Al'ternatively, techniques described for
t he product i opequfnceyhich ase rohaptehedislignedwitisige quarysIn thigcwathe RICenl 946, 778) can
be adapted -52- to produce single chain antibodies having a desired
specificity. The invention is further directed to humani zed anti bodi es t hat
have been gl ycoengi neered according to the nmethods of the present

i nvention. Techni ques for generating humani zed anti bodi es are discl osed,
for exanple, in U S Pat. No. 6,180,320 to Queen et al., the entire
contents of which are incorporated herein in their entirety. [0139]

Ant i body fragnments which contain specific binding sites of the target
protein of interest nmay be generated by known techni ques. For exanple, such
fragnents incl ude, but are not limted to F(abs)2 fragrrents V\/mch can be
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[0141] The present invention provides host cell expression systens for the
generation of proteins having nodified glycosylation patterns. hi
particular, the present invention provides host cell systens for the
generation of glycoforins of proteins having an inproved therapeutic val ue.
Therefore, in one aspect, the invention provides host cell expression
systens sel ected or engineered to express, e.g., a fusion polypeptide
having f3(1,4)-Nacetyl gl ucosam nyltransferase IIl (Gifl1ll) activity and
conprising the Golgi |ocalization daditrmin of a heterol ogous Go | gi resident
pol ypeptide. Specifically, such host cell expression systens may be

engi neered to conprise a reconbinant nucleic acid nol ecul e encodi ng such
fusi on pol ypepentitesalajnedayi RASTDBIi$ mit evnially aorcoted.t 'Ohutdgem, cmty regul at ed
pronot er syst i ent invention
provi des a hoge%]due[eq%glﬂ%[% @mﬁase%g%%cfeth@l%ggeﬁggweﬁgﬁ | east one

nucl ei ¢ aci d dipgud ighaFASEND alignmb8, wipdl qpeqlmadaeedv‘@mmdguﬂl the
O(l,4)-Nacetyl " e (Qéjl 4y and

conpri sing thé e%o% gM%oca %ﬁllzlaalf ?%?1& O?I’o?al ﬁl)ééfber ezhgér} %&%ﬁgk Gol gi resident
pol ypepti de. bmm@rmmpﬁ@emmmhﬁom s engineered with a nucleic acid
nol ecul el\[@wrl Si ']ﬁu?etdhlu%i%ﬁ{nuﬂ%a %BE%&QI%& éﬂ&ﬁdﬁ&gypeptl de havi ng

13(1, 4) acetyl gl ucosam nyl transferase GnTI L Ivity and conprising
the Gol gi | ocHl# Beplgicoeridigagignee of the inyertiop.orHoas wﬂgﬂﬁqﬁé%tbdent pol ypepti de.

[0143] Gener ahnfidiz& ¥ a{;ﬂép&mﬁg uﬁ:%a'ﬁb&[ ad;zeellﬁ Isbm@on%ﬁp%g%@d as a

background to ‘engi neer st cell lines of the present invention. In a

preferred enbé&ansmfe 5xESO (830 mf Nagy, I?le‘éé?q“@ﬁ&@ehéi)@d sy 0 cells, YO
nyel Qna cel | thdgﬁ%éﬁzpﬂwfsxm&m{moﬁﬁAd $0%E&Ba&ﬁﬂﬁt§ anlP B gL cel |'s or

hybri/doma cel ot her manmal i an st ce | s, |n$ect cells, or plant

cells are useﬂe”é’é‘mfi*fgeaﬁe&léﬁlapﬁmﬁﬂ’l@@ﬂfql? %ﬁ’é}’“ﬁ’é‘%@%ﬁl {he&l%ngi neered host

cells of the kpwenbi@Bscg See Ma, J. ICGC, et al., Nature Genetics

4:794- 805 ﬁOctober 2003) and refer&1 es C|ted t herei n) (the entire contents
S

of which @Ml heredy s oo Godet fost/izgrion damain reses A R ent i on i s
contenpl at ed b&d @QMMSGOI@H&&@H@bMﬁ@AMﬁ&SimWIﬁcBf(éﬂﬁlﬂﬁﬁg ng a fusion

Dot Vi Ty and Romgreboh g ERBCHIE hunidh T Dbtk BOMET RGPSt or of ogous

CGol gi resi denbomlsg/mm tedﬁnaﬂStaﬂheranedzyner ein. [0145] One or several nucleic

N acety | ol A toPBRay BE B Pet i) *ds Bty bl Bhmpr  sing the
Col gi locali za@twmesalmmlﬂetgtheachebe&amto'gwsen@ol‘cgpgwresmmamqool ypepti de may
be expressed )‘%&@S{cc %Qﬁn{:ﬁ’é‘}eé@ﬁ) oganm"’ 3E5$tﬁa'ﬂ'p'le\é 595&%%1 Sfoftf» 2l ternately,

a regul ated expressi on syst € regu expressi on systens
i ncl ude, but élﬂleﬂ%tndlﬂil%bl!té@ npldimitgd toeFe @W@F bln@DE dhutvatndibodgx pr essi on

system an ecdyRApAr | Rk Qg,emea&ggeé@@@ Sﬁgg@xde?enhai@ Safudeh expression
n e

system a glucocorticaoid-i ci bl'e expr.ession

t enper at ur e- i RERSEFYRISIS (BPER PRFINE seqreding, ‘EWH“%""FP@%I‘%T“F“'S{&W &ntigrth
net al - i nduci blugtalebp eRfEsh-prs eﬁmtcamdofm@@wﬁcaiofsbufswae&epm,etcel c acids

encodi ng on po] ypept, des aving 13(1,4 | ucosam nyl transf er ase
11t e 15h 00, oA Bl R e feeph gredtedh e b A atS 617 ot 1 of

het er ol ogous @h@ylaﬁaasangmﬁnnpeﬂewpﬁpmedeo hmhda:mypﬁmﬂum M‘rthm t he host cell
system sone e constitutive
pronoter, whi Ig{gcosg}ﬁtec’rnsp “ﬁ?"é“&%ﬁ%@ﬁ% E&ec%r%l%n ‘fnk afraegul ated -54-
pronot er. The Ghersytatibn emmnmhdww@bonosnmsnﬂdﬂwmsmom he hi ghest

possi bl e | evel gﬁmﬁ gfé Calf %‘“%é%%%‘?%ﬁhﬁ?ﬂgﬁgf &géhgﬂ&ﬁgﬁ%&e does not have a

significant adverse ect on c det erm ned

usi ng rout i ne swiseip patrrysicpedieve giepd elyesdnion efedjcapreteins edpresstdit ned by net hods
general |y knowgyl Pu:ﬁx@ﬁnaﬁ‘é %}ycds Gl dh e oS hBTds b OfecR BAhYSicRs USI NG an

anti body specific for the po ypeptlde having Cml1l1l.1 activity or an

ant i body spec@#“i@llﬁfb‘ﬁmamﬁ’éﬁqglﬁé’sﬂﬁﬁﬂ*f used to the pol ypeptide having GhTlI |
activity, Northern blot analysis using a nucleic acid probe specific for

t he gene encodi ng the pol ypeptide having GaTlll activity or a nucleic acid
probe specific for a nucleic acid encoding a peptide tag fused to the

pol ypeptide having GhTI Il activity, or measurenment of GhTElI activity.
Alternatively, a teeth' may be enpl oyed which binds to biosynthetic
products of the G1TlIIl, for exanple, El-PHA lectin. Alternatively, a
functional assay which neasures the increased Fc receptor binding or

i ncreased effector function nediated by anti bodi es produced by the cells
engi neered with the nucleic acid encoding a polypeptide with WM activity,
may be used. In a further alternatlve the nuclelc aC|d may be operatlvely

. o e o Y
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-55- separate nessenger RNA (roRNA) nol ecul es; one of the resulting nmRNAs
is translated into the reporter protein, and the other is translated into
the fusion polypeptide [0146]1f several different nucleic adds encoding a
fusi on pol ypeptide having (1,4)-N acetylglacosam nyltransferase IIl (Gana)
activity and conprising the Golgi |ocalization domain of a heterol ogous
Gol gi resident polypeptide are expressed, they may be arranged in such way
that they are transcribed as one or as several nRNA nolecules. If they are
transcri bed as a single nRNA nol ecut3&, their respective codi ng sequences
may be linked either by an internal ribosone entry site (TRES) or by a
cap-i ndependent translati on enhancer (CITE). They may be transcribed froma
single pr@fs er i rﬁmahhﬂmthﬂibmkﬂsécempw iny kindtadcplduldar syt spl i ced into
several separghfy IBESS are each

r DECMS&E@@O&,@@A ?ﬁ&bk&ﬁs omijtg%sé%% es

translated into the| r e enco SIon [0141] In
ot her enbodi nﬁ’nﬂ@eﬂtstqnewpd%s@ntereﬁtm@mmﬁlmdwwmdeWSIalld expr essi on

systens for tRhe ogg)?oq Gl 1 8picaly, {h@% tlﬁa% %Bn?ﬁﬂhﬁt%d kg increased Pc

receptor bindin to Pc activating receptors,

I nit art | cu
and incr easedOEfﬂléQ‘,itl@’Plspi/ﬁféI moﬁ{osﬁcﬂlél dhgﬂwpﬁbdﬁy@mt cel lul ar

cytottodcity, cul%eaecreﬁd e & Tidhedts, sak! ceﬁé(ﬂfs%S&ﬂQ%P%SJemd‘ave been
engi neered and/or selécted to express nucleic acids_encoding the anti body

for which theTyrlsanctlsoRPX%E %?%walo’aw&l&ﬁ EFReeellss PHBGG &lfs ol ong with at
|3 ?is 2 ) ORf nUChﬁdrilaoﬁﬁcteﬂs @meusrﬁgse?t céwaﬁalqalaﬂmﬂg;]ﬁ%%id@ﬂﬁmwn@t g

, 4) - N-acet cosam rapsferase ctjvity an
conpri si ng théjs%iﬂﬂﬁ‘fm!pﬂf?a%'é‘ﬁ?ﬁﬁﬁ WW%%BWPEQ%ﬁPX%I gi resident
pol yp)epti de. braniitiettimadodi ment, the host cell system is transfected with at
| east/ one |l eic Cld ncod n ept.ide.  Typically, the
transfect@%el | s ar'és gfr%%’t eaq?%l |Cd'é'e'ifula§?fc Blor XJE'%’F%?‘% n(l:cih(l) s that stably
express the fumibodw-@tnﬁmmmldmmoxichﬂandmmpwouﬁQW]amyyzt ype of cultured
cell line can e. i nes of the

8&1&1%\9%%& g %&aw%%%gﬁ%l 2 ?@%ﬂoﬁ’t lshhﬁ.

pr esent i nventi on erred S, ceIIs 1480
cells, 8P2/0 mhaysmie@lm@femw@ém@bod?mgdnﬁl;”by‘Hny@mmueel I's, PER cells,
PER. C6 ceIIs Qfred¥ Bl iBrespe! | S, other nmammalian cells, yeast cell's, insect
cells, Blant celI's 'may be used. Tﬂgtcally, such ceII lines are

engi neer e[? 9%t ur t Fhe Tumsimpmans effecter sallst ats g @opulatian pllekeertes it ei ¢ aci d
?ECOgI ng a - lay\ift%&pt&%ht%ﬂélgéﬁlrf@wﬂ&@dﬂﬁlncﬁﬂmﬁmdQQ%)Fc-frégt&ﬁfdi?nt Cfnéal ni ng
e Fc region obul i n usjon protein i ncludes a

regi on equi vaI"-‘é‘:ﬂ’f’&t""?)"r?‘;fq:g:n i ptEhe ord @%Wrﬁ%‘?? F%ﬁ’ﬁ pically such
anti body pr odp6jul#tion @y} ihchide,MaEs fidt Bmilaito, paq:hérmrrﬂoﬁhiaﬂzﬁﬁclﬁutetﬂium ng and
secreting the t1.po a L gh ific productivities in the range between
20 to 120 pg/ @}Y‘{’f"&%?ﬂ‘?ﬂmﬂg‘ﬁf@?ﬁ%#‘ﬁau ve enbodi nent, a hybridoma cell
l'ine expr@%ing a 'ﬂar‘hﬂﬁbmyaargacdieﬁsi‘dayewﬂsbmébgﬁie sinbodiseor s backgr ound
cell line to tAR i I tion. 101491In
one enbodi mn%@h@%ﬁ%f@?c ach§£E§§g§8§{ 3&3&’%& %,g‘g%tﬁ?body f ragnent
or Fe-fusion poigmeasN-tsanind o th¢ Fareglot.nt o antl body- expressi on vectors and
then are tdws?sf eCt gehskdteteid, hfetémﬁcr&eéd&.,m:&%i:uw&aa%cw ith high and

|

stabl e specific antibody productivity are selected and screened for. Such

sel ected cl ond&finsd as sithaan iopradse fthe Wby of Faogibedy dyededeells” lgbats yi ng
gl ycosl ytr ansfige@sea gx&rﬁﬁéhp@gwaﬁ&dﬂemmtoalaﬁmgy Y6k BE-fusiasi ds encodi ng,

17 N acat ol opibEbeb e abeR bR BF pic (R temrbram o () fusi on

pol ypepti de w:ﬁdﬂlatmt(&llmaﬂe)gaéﬂnityo@ﬁhw alﬁwéeml&e d Gaihxaf)onamt thewity, or (c)a

pol ypeptide wth das act | or (d) a
fusi on pol ypefPi* %&Pzﬁ{%@%q@rmoﬁl VI ?Ii/pr&el ‘%“ pol y Jéptl de witla
Mardi acti vi tyarg@cellé,eéquaedﬁmahmw ﬂmiysyqﬁpgwdmumberbf ‘Gau‘tibdmgmdt y and a

further polypept.li en sel ected and
screened for s@kﬁﬁ%a xpresélon o%: %?éﬁﬁ%é?%ﬁ%ﬁ%ﬂ@%ﬁéﬂggge es at |evels

| eadi ng to hi ghe mqawomﬁcsyé@teﬁlceﬂl@armmcw is elativeatedtheicellvlast abl e
expression of the glycoprotein-nodifying glycosyltransferase genes at
expression levels leading to nodification of the Fc region glycosylation
pattern, including an increase in the fraction of nonfucosyl ated

ol i gosacchari des which nay be either bisected or non-bisected and which
further may be of conplex or hybrid type, which is associated wth an
increase in Fc receptor binding, particularly an increase in Fc-FeyR!|

bi nding affinity, and an increase in Pc receptor nedi ated effector

. functions, including but not limted to Fc-dependent cellular cytotoxicity.
Selectlon and screenlng nethods are descrlbed be|OM/ (01501In another

R Y B " o Y M




-57- nodi fying glycosyltransferase expression vectors transfection, is

reversed, i.e., host cells are first transfected with the

gl ycoprot ei n-nodi fiying gl ycosyltransferase expression vectors and then

with the anti body expression vectors. In such approach the clones fromthe

first transfection nmay be screened for adequate stable expression |evels of

the gl ycosyl transferase genes by any of the nethods described further

bel ow, or alternatively by transiently transfecting replicates of such

clones with anti body expression vectidrs and then applying the screening

met hods described further below in order to identify clones wth stable

expression | evel of the glycosyltransferase genes at levels that lead to a

nodi fi cati on oftotbiieityRaediated by the ghrycantiyddg) dr Berfusiah petein, produckdbyan. i ncrease in

Fc receptor, {ncludin cyRL]1  r.eceptors i ndi .affinity and an increase

in Fc receptop?ﬁ%%? %85% ‘ﬁc,3?“%%ﬁé??ﬁ%%?mfﬁgﬁgﬁ?hBmﬂ£@¥39pendent

cel I ul ar cyt ofcomiletidnyand fiddgs ifethndsawhicir drdileowevitteods dritled in thelag, bant | body- encodi ng

genes and the&ﬁ{ %89%{ tb%%”@&ﬁ@c%éebyg%&‘?sceﬂ %néiﬁe%r%ﬁfﬁ%yga%sé qg«ft her in a

single transfection step, elther 1'’n a single expression vector or in

separ at e vect glysesylp@sEpisaGniIHal khe meghiodd desesibeddweinnucl ei ¢ acid in the host

cell syst ncod ; i I, j . .
@g(}ﬂz &Hi?l#l? Fk%: %‘Xﬂ%%n'n?%{ D?Jé*xﬂgt cll?tmu ?toggcr,c:ty

, 4)-N-ace | ucosam ny ansferase m actrvit al ter natli vely,
13(1 , 4) - gal aéA¥eg)is maant freaibedydevipg inexpaseh ABCE angetroineg by ey Gol gi

| ocal i zati on dapBik e@baihoRflotonl GoRitn/TRl #ind £ bieRbeRAlRRPL i de or,
alternatively, 1t encodes a pol ypeptide wth Gol gi a-nmannosi dase |1
activity. 10DBEC ssisgs fdleEral nucl eic acids encoding a fusion

pol ypeptide of thepyi nvaglasayuiBiirgdCoeaX BhQSSIBGwH Bfiiprebd 8e a3t rol of a
constlitutive pronoter, or alternately, a, regttd‘[}g:ltﬁsd expressi on system

Sui t abl er equl ARHEER BRysPIReLYShe whEeRe AERq odffe not limted to, a
tetracycline-reguldt edthe X435 Sk RurfiyhS b&ipherslNblesid ubidi@cledn ielid bl € expression
system a | ac-sw f.ch ex SSi.0 stem | ycq, corticoig-inducible ‘
expr essi on sy%{:ﬁfﬁﬁ%ﬁlfﬂﬁﬁgﬁﬂ%ﬁ%%gﬂ%ﬁmg?“%ﬁ%?ﬂgﬁt?r and a

met al | ot hi onekdllsjret al - i nduci bl e expression system |f several different
nucl ei ¢ aci ds encagi ng,a _fusion.pol ypept.i de vin .

, 4) - Nacet yl gl ucosgﬂi ny&ﬁgﬁg%’@%%%%Yﬂgc‘%%ﬁ#ﬁﬁ%“’ggg%‘i"% and conprising the
Gol gi localization domji n afie &BMEserapd degpdeirsl @Geihg)i standariiddewsitypol ypepti de are
conprised within. s;gm 6 g?{% pressed under
t he control OP&nﬁmﬁé&@g@ﬁg%&ﬁ% :;tn&'?%{eve prd(‘)a&no e’?,% \X/&i‘i&ﬁg 0 {eag;cagre expressed
under the contwvitie médium;r equl at ed pronoter. The maxi mal expression level is

considered to be the highesf. RRISLML Gud EUGL b9 standRP it WaiheD POl ypeptide

expression that does not have a significant_ adverse effect on cell growh
rate, and wi| PueBedsbanessisd Fag Tesppencrlisl ere phasp #ith awinbBity kgher Expr essi on

| evel s are detiahbionSfhshad i FHMIREISCuH @ Blediluh Yabé A Withi1 00 hidR-@ides | NCl uding
Western bl ot angl an anti body spe for the pol ypeptide

sis using.e.q., ific
havi ng Gunn alti -W@S%‘B?W%Fﬁ%ghﬁqﬁﬁwe%@w ef“éﬁ’cngedé’ébeﬂlicﬂlgmt ag fused to the
pol ypepti de haaeiig =63 dnsigGifil¢ickl¥s/miNor t hern bl ot anal ysis using a nucleic
acid probe specific for,e.d.._ the ge ncodi ng the polypepti de havi ng
GhTDl activity or a nubPei g%@f@%&ﬁ@°§ﬁ?@ﬂ‘ﬁ*@%’%@§“ﬁ%§? fc acid encoding
a pepti de t ag thasfend tocathhveellpdh §Ppepl miteotiteaplateg G aTE activity, or
measur enent of GhTIT1 zy i ML o V. , ectin may be
enpl oyed whi ch bi nds tgﬂbi (%%ﬁh@??gcs\é%%%(%@%iﬁ%ﬁgéggﬂngjlh?i,m 'BJF exanpl e,
Ea- PHA | ect i nag/ailtiecelb tiltues medium fauh 69 imuerelitersof thy rodultinh antitedyir es t he
increased Fc rag&nt oL o fUtHQtaféEtJ Wik 8RR R LESGHS H1dd RetdGn nedi at ed by
anti bodi es prggu_ced by teﬁe cel I's g%gi neer_ede WEh the nucl gic acid encodi ng
a pol ypept i de tlicste Gaivmanthody spneeptratigys cpveripathayvholeongentighiqus@ige ol t er nat i ve,
the nucl ei c agpgemay be operatively linked to a reporter gene; the
expression | evels of the fusion polypeptide of the inventign are determ ned

by measuring a signal &brrdpdberprdmirelesse MBIspRbels; Ipddiampvellds t he reporter
gene. The repe) {heplaBebfaifRY the fabbilaRSEdt cd)B8 JedeRe 60 Reolitdrs bF 429 nucl ei ¢

aci d(s) encoding said glycoprotein-nodifying glycosyl transferase as a
single ni RNA Mol ecule; their respective codi ng sequences may be |inked
either by an internal ribosonme entry site (IR ES) or by a cap-independent
transl ati on enhancer (CITE). The reporter gene may be transl ated together
with at | east one nucleic acid encoding a fusion polypeptide having

R1, 4) - N-acetyl glucosarnirtyltransferase 11l ((mill) activity and
conprising the Golgi localization donain of a heterol ogous Gol gi resident
pol ypeptide such that a single polypeptide chain is formed. The nucleic
acid encodi ng the fusion pol ypeptide may be operatively linked to the

e o e o e g, I




(1,4)-Nacetyl gl ucosam nyltransferase 111 (GhTfa) activity and conpri sing
the Golgi localization domain of a heterol ogous Gol gi resident pol ypeptide
are expressed, they may be arranged in such way that they are transcri bed
as one or as several ni RNA nolecules. If they are transcribed as single
MRNA nol ecul e, their respective codi ng sequences may be |inked either by an
internal ribosone entry site (IRES) or by a cap-independent translation
enhancer (CITE). They may be transcribed froma single pronoter into an RNA
nmol ecul e which is alternatively spl#8ed into several separate nmessenger RNA
(mMRNA) nol ecul es, which then are each translated into their respective
encoded fusion pol ypeptides. Expression Systens [0155] Met hods which are
wel | known t o({/Nbseuessisisplutien pfmontienicadetergeah (Nopidgs Sibntao St dawis)y uct expr essi on
vectors cont ain&%ﬂ%flh@?utﬁ%’}é&ﬂ;ﬁﬁ& uen ghog@.the protein of interest and the
codi ng sequence of a fusion po ygepti e faving

[ 1(1, 4) - Nacet yl gl ucosavi ny farrthmspprtmngaus relpase (FR)| cPEtyoln Staddienal and conpri si ng
the Gol gi | 0cqbiciatd 3ilRfiRihie Ble ithelRlifE A LARONEENHich BB PN POI ypept | de

along with appropriate franscriptionallfranslational control signals. These
met hods i ncl ugBME pelhepityremedivn istopind the priikodveeofution (Reint ivebewehet i ¢ t echni ques
and in vivo reconbi nat};§n/ ¢RREIe miRstBrke fitleR Pentrif %gdaig@f gxanple, the

t echni ques descri bed i ngl\/ani ati se et alL, Mol ecul ar oni nggA Laborat ory

Manual , Col d bp¥itipnippedsied fosddpwebt™ys N Y. (1989) and Ausubel et al .,
Current Protocols in MalipcybalcrdBitdd 576 PRIACREH s Bloik Nb&\d) s Soci at es and

Wley Interscience, N VY (1989). [0156 vari ety of host-expression vector
syst ens mybea‘fﬁf‘gpieﬁd’e{l&3@5?)?%%@“?%%8@%@g@aﬁéﬂ%@eﬂfmﬁ’i"e protein of

i nt ehtefst ang b?@dﬁgfﬂﬂﬂgbﬁﬁqﬂiﬁ_ﬂsﬁGﬁzlﬂ?ﬁwpﬁeﬂﬁi@ﬂcmmﬁgﬁﬂti deI of thte pr esent
invention. Preferably,, i cells are use . hos el| systens
transfected with recon® na °°5‘?§WW%‘?“‘E%€&’%‘?HW%%‘* essi on vectors
cont ai ni ng t héecephringntsiyoskened rafioattdvity (ER) i8iqgnamiffied ntiey 2gémmand t he codi ng
sequence of the {G}gsi on pol ypeptide. Mst preferably, CEIO cells, -60- BI3K

cell's, NSO ceff%8'3pP2/0 cells, YO nyel oma cells, P3X63 nouse mnyel oma cells,
PER cel | s, PER C6 cel |® or theyerdentegreofopécific, lysit esalautaiedbi ach cel | s, yeast

cells, insect .S &8l stem Sone
exanpl es of eﬁédgi?ogﬁgnggigggn%o@#dés%{ %c @gmﬁﬁm %lge’! h@gcri bed in the
fol | owi ng ref whanERds the Atkrage fasioertivity quanbiied; (fee pBIE txrrbeve) &I thaBj ot echnol

Bi oen. 71,( 4): 2@1@1‘03@&: 'tigi?,%istﬂerav Hﬁfoaﬁfvit?%lumtiﬁed (see point ix

Arzneintittel forschung/ Drug Res. 48(8):870-80 (1998), |?| Ander sen and
Krumen, Curt 2bowp). fopitlsy MRnepatrols Jsee ppint 3ibopploynd SR Erbedavemdel Chano-w, Cunt
Op. Bi Ot eChnOksgiohdivitPGuoh@iba (PR Qs xaB6Ye) for Bkl ARSols (46 hoint@p. Bi ot echnol .
12: 450-454 (2001). In alternate enbodi nents, other eul caryotic host cell
systens nmay b&bxy nt enpl at ed, including, yeast cells transformed with
reconbi nant yeast 8XxprdaGéaeed KBCCOIS defied aks nvithg idhécradi ingtheequence of the
protein of interest and the.codi ng. sequence.of the .fusion polypeptide of
Phe vent | on K EmEReAE Sisg s s PR B R F PR ORI o1 r s

expt essi on vecdngs iest{dabgye, aniacareduciionis jhe conotranatiomyf attivedycegliad) sequence of
the protein of_j r ' [:on pol ypepti de
of the invent if[oodr?i;ﬁlépOgﬁﬂ%gﬁf&%ggﬁégs&%ﬁ%%%ﬁ%l%O%Je&%g&nﬂﬁr’l]gnt Vi rus
expressi on vetieeribodycopcentratigntangd tested rbove SHie incxepseirsADCE INLlative bacco npsai ¢
virus, TW) Ok, i ABBECHEEHNiDimt SRR ANLdiRA Thakf¥ Rit®SE), On vectors
(e.g.. Ti plasmd) containing the coding sequence of the protein of
interest and PREuEd Y Ry syagphefdogicelishesine by wamesrdasbpedugdonsf t he
invention; or paffcaRdn, SRhdlatidy Sld@Bagt MEBEds SehioM atd knbs RMkYsé\Rilled Vi I US _
expressi on vegtors ge.g., adenovirus,. vaccinia virys) including cell |ines
engi neer ed t o BHEH PVt Har pat Besp rofured by hogtee! EHESHYRGRHE protein of
interest and whgeeditagfsageanoe of the fusion pol ypeptide of the invention
ei ther st anplfie dhfr) o stably anpl.ifjed in double-mnute
chr om)son@g'!uﬁe. g. ,‘Adrﬁf#h%e‘?:’e%‘?gf‘f‘ﬁ@%‘?‘g)bj‘{]@és}%’éﬁrm@f"ﬂé hﬁ?ﬁ%&‘é of this

i nvention, st afdbedexhichs specificdlly espaized hycdllr efrfits amniglycdsylaredi ent expressi on
because it typically achieves nore reproducible results and also is nore
anenable to |large scale production, i.e., production of the glycoengi neered
anti bodi es of the present invention in production scale cell l|ines. Rather
t han using expression vectors which contain viral origins of replication,
host cells can be transformed with the respective codi ng nucl eic acids
controll ed by appropriate expression control elenents (e.g., pronoter,
enhancer, sequences, -61- transcription term nators, polyadenyl ation
sites, etc.), and a selectable marker. Follow ng the introduction of
foreign DNA, engineered cells may be allowed to grow for 1-2 days in an

. o o —— - T T




-62- ldentification O Transfectants O Transformants . That Express The
Protein Having A Moudified dycosylation Pattern [0159] The host cells which
contain the codi ng sequence and whi ch express the biologically active gene
products nay be identified by at |east four general approaches; (a) DNA- DNA
or DNA-RNA hybridization; (13) the presence or absence of "marker" gene
finctions; (c) assessing the |evel of transcription as neasured by the
expression of the respective nRNA transcripts in the host cell; and (d)
detection of the gene product as nme#&oured by i nmunoassay or by its

bi ol ogi cal activity. [0160]ht the first approach, the presence of the
codi ng sequence of the protein of interest and the codi ng sequence of the
f usi on pol ypephdsphoprofeint ple31.000eRelicon fypicadlytdssigiatedt 4sethe dpmes H on vector can
be detected b ,,Ql}lé ; - hyor i di [ ' I conpri sing
nucl eoti de seéugnc st %ﬂd%rﬁgf%ﬁoag%%eg B?%itcﬁlgm‘r:% g%%r%d\c/eg%s:odi ng
sequences, re§péeétively, or portions or derivatives thereof. [0161]In the
second a ch, t ﬁﬁd&h i LVvst em can be
identifi gigidgﬁd sel_'llrehg?{ee'%ﬁ asetgﬂa%gﬁét tgécgércg}g ‘él%ﬁén%%né%@é%ﬁé&e(i%of certain

"mar ker" genePPdyrEgi epHs to express & mpyel dhsiee Rolyngptidegkavingi B4)-Nesi st ance to
antibiotics, E&%‘lg‘ﬂcﬁﬁﬁﬁylﬁ%ﬁﬁs@%r@ﬁﬂeactie\iitﬁcrao;a,sél%ﬁﬁﬂeh@%u?ﬁenOt ype,

occl usi on body formation in bacul gvirus, C. or exanpl é, if the coding
sequence of t Fagnspiresteast CORT orasttiaid comprisingdhagoleidefislisien of the fusion
pol ypepti de Oforhdi€of a0 rdsRBnt REKpdphsciedutélinWhiitdbis RithREKRed Bene sequence of
the vector, reconbi napts Lpﬁgjgal m!’l{l}%ﬁ;{ge rearg%;:t I, ve codi ng sequences can be
i dentified by Hry & #pd r cE5eiYe Tyngling: | SYemaey nat i vel y, a
mar ke}r gene cadlibbdeswWitiebaied effaivd ffvtivh kitl/dr iRreaRdFOigcpebiediges under the
contriol of the sane or.different prqooter pused to control the expression of
t he codi ng se&%%?g@c%?p?gg%%ﬁmg?ncﬁbﬂ '%‘H’R’ﬂ?“itnﬁtc’ﬁbag%ﬁﬁrgaé o induction or
sel ecti on i ndexpadsgion ek pmedsi¢ acid afioléchle enodingg asgiypepiicle hating he protei n of
i nterest and Eﬂg j ence. of th - USI pgptide. 101621 In the
third approach, %‘g%gg?f%@' ocnaﬁ%%ggti &?’ﬁﬁ"‘f"%d?“‘?%é‘&g‘ié‘%rﬁ%ﬁr’%g‘? on of the
protei n of i ntesewts haying GhEIow dai)activitpu ereceexpfessef @vith msilenagdbl ypept i de of
the invention bridi zati on assays. For exanple, RNA can
nﬁ%@ul&%aé‘agﬁgféﬁﬂyze 8% .

be -63- isolated and | _ Northern blot using a probe honol ogous to
t he codi ni§18dquenciesordinglyieonsregnbedimenssths present inyention & dilddeddo®d ng sequence of

the fusion polypReRhb did Edorsid e Hncdafiata PRhEdeONs thereof.
Al ternativel y,h Itaf(?;!?al &ﬁ%gllei%ﬁpé{gi é? 0 tﬁce&hosg dcfealkilbﬁi’n%mge extracted and

assayed for hV’BFrFiGiﬂ?é:t’-ﬁiQS‘r?o’cYBePéiG%WSﬁf%@%@@@ﬁmﬂﬁh@hﬁ%ﬂ h approach, the
GXB_FGSSi on of (Gﬂl&]};f&éﬁﬁ@%ﬁﬂd@h@ﬁbé@%@@fgilbda&aﬁ{]n%@ﬁjﬂoﬁf(}dl@ieﬁacﬁﬁt and the
codi ng sequence of . usj o p eptide haying. ]
[3(1, 4) - N- acePSRPEEo ?ﬁrﬁ{‘ﬁ’&%%&%%e F‘Pn?‘émE&Hj@PPWW%%d conpri sing
the Gol gi | ocaitilgtixt domainchdIBeli4)-Noicerl ghrebsambl leensasEnl @id heSolgent pol ypept i de
can be assessed .1 munol agi cal . for .exanpl e by. W\ n bl.ots, imMmunoassays
such as r adi o? %OP@P’E%‘?&@%#?%ﬁ%ﬁogﬂ%%ngf:]?aﬁﬁé@ébda?emgaﬂ%gﬁ?s and the |ike.
The ultinate embtdindnt, tediolgi bedizstionflomkie isehejomBmtiandaagt o BalThovwever ,
i nvol ves  fyfigy det ec a0 el b GGl e ARG UE L GRAS RAHCT S-

FIG. 24 and SEQ ID NO:14 In another preferred embodiment, the fusion

polypeptide  comprises  the catalytic = domain of  B(1,4)-N-

acetylglucosaminyliransferase 1 and the Golgi localization domain is the
localization domain of PB(l,2)-N-acetylglucosaminyltransferase I (GuTI).
Preferably, the nucleic acid has the nucleotide sequence shown in FIG. 25 and
SEQ ID NO:12. Alternatively, the Golgi localization domain of another Golgi
resident polypeptide may be used. In another preferred embodiment, the Golgi

localization demain is selected from the group consisting of the localization



b. Generation And Use O Proteins And Protein Fragnents Having Altered

A ycosyl ation Patterns i.Generation And Use OF Anti bodi es Having | ncreased
Ef fector Function Including Antibody-Dependent Cellular Cytotoxi city
[0164] I n preferred enbodi nents, the presets invention provides glycoforns
of antibodi es and anti body fragments having i ncreased Fc receptor binding
and/ or effector function including anti body-dependent cellul ar
cytotoxicity. [0165] Cdinical trials of =conjugated nonocl onal antibodies
(rnAbs) for the treatnment of sone t§fpes of cancer have recently yiel ded
encouraging results. D |l mn, Cancer Biother. & Radi ophann. 12:223-25
(1997); Deo et at, Imrunology Today 18:127 (1997). A chineric, =conjugated
| gG1l has beendcapproff@d)-Newet)gusoganzinidirapsfefag II, t]:@tldcaﬁzatfbn(dahdtinoﬁ)n- Hodgki n' s

| ynphorma. Dil gealn d (1997), while
anot her unconlj!nuga%ld x%ﬁbthﬁl’&{%%rﬁr%nnqoz ?8%? I%Plcoe }“ﬁgg&g% 1d breast tunors,
has al so [Bd&n shohugthprmfv@nlgqumt,ﬂspmenphamombﬂlr@tedmanal trials. Deo

et at, | nmun e two mAbs are

hi ghly expr eglééea% &g{éﬁéflgi%[ﬁe%gmg %é;ntcarmr ceH %?b;ﬁglmdﬁ ng%ti bodi es nedi ate

pot ent tunor ﬂiegnmmctldmuebgeshoverlmFé&flé@ndnﬁiEQmNQ li5er ¥X& 2bamdnd in vivo. In

contrast, man cificities
QE(gﬁlgdgt 5 ?Higb&ﬁh&ﬂh&n%@%%@:ﬁseﬁ hﬂ&]ﬁé&%&lmé%b

cannot trlgger ctions of s cl ent potency t e clinically
usef ul . Frostcogyprigeg acaquaee gt Juhridizss (undeg7yringsnl topsitiers to aJ Jj nn: snot her .

19:184- 91 (199Ridizdmh probd Be MklebdiR 84 uéﬂ%@&%fhdh@é&%moﬁﬁb%%u&ytm dne therapy
is currently being tested. Addltlon of cytokines can stimla

anti body- depe"t‘?’ﬂ‘&ﬁ?"s@@’}“’rlﬁm TABEEP Wﬁ%@%@é?ng the activity

?Egggyrrbgr ?f‘l‘h‘d mlfeahai isnﬂrdlexmﬁb@éayfo&& :sdimaishucﬁc adid cor@’ﬂ@ﬁggch 31|7 33
urf-us e : of her ., a ic

attack on antTeﬁ‘ﬁﬂﬁf&?‘b%@/&é@f}%éﬂ/ﬁgﬁu gf’ggé/éﬁf]gaﬁd% B%“Ht? g of Ieﬁkocyte

receptors to ﬁdalmﬁﬂampamsﬂowginﬂlG(ﬂ@ﬁdsﬁQmohebdrEE} 2Ded S8Q al, | nmunol ogy

Today 18:127( 101 ut.c rent.ar approach to

i ncrease ADCCﬂ?@Q ¥ 1% %ﬁ’é&?}% d'gttﬁ Yej‘gfléls cgg%}%degn |ls°é%éf’i the Fe region
of the anti bonﬂyalemlﬁmdbmpmsmggsaqmcaﬂnjembdaﬂmgslyﬂtmu@hshngmatﬂnmt PcyRs i nt eract
with the | ower.hi rgi%o I L . I mmunoL
157: 4963-69(1 ; c\ﬂgver ) 'yTgcs;}ﬁB%’f’r?gf}%h%%) %%’%rg%’c?g?gr@é %ﬁ% pr esence of

ol i gosacchar i ¢esmizoecid eaquinge BG: 24 ind BEQ DR 1§ onE6r Yeard 9EQUID7 | at he CH2

region. Lund g rr?qjg}g; T 41son, Trends
Bi otech. 15: ZGbﬂ 19 76)11&(‘;haJs %g%t F%gest %’?@gflt‘l\@er ofd gm!(%uarl de and
pol ypept i de bisgrenethatercpesa mepttﬂsﬁlmgdhqmnqqﬁtdéme&%fﬂ@;% or that the

ol i gosacchari g s 1b K@LIsTeEd, 85 ABERG B ROAB, vahlcbMervitve drindldy pept i de
conformati on. |Vbd| fication of the oligosaccharide structure can therefore
be explored a% belityfieBis to i ncrease the affini ty of the interaction. [0167]
An 1 gG nyprepl e caﬁmcﬂ&dﬁwlﬁﬂeﬂtltﬁ%@dﬂen@inh@ﬁ&@@&ﬁfeﬂdﬁﬁetp&smﬁ Pc region, one
on each heavy c{g n anti bod roduced as a

EI n,
populyati on of YGI% agﬁ&gtﬁ'g “ée’tct?éldé’ %mﬂﬁt\‘?ﬁgﬁ?‘laﬁg‘ ackbone but have
di fferent ol i @@Mﬁmw des attached to the gl ycosyl arion sites. The

ol i gosac des [ th r G are of
conpl ex E[Pﬁth enngxgyrﬁﬁ{h e?ef [ o((%hr}lérr%ctedtt(g LH\'?% Il%30 38 (1997),
with | ow I evel?OllliF-‘pﬁderhﬂvmalB(bﬁhﬂifﬁ@t}édmdsmltbmﬁ%&el ﬂbaw‘f&teqryl gl ucosannne
(GLCNAC) , andggmMadel 2 8) gﬁ&fogﬁhﬁgfeﬁ%r(*@ﬂﬁl)a&@ﬁ?gﬁu%% Adidgdhk and core

fueosyl ation. Some st udi e3 suggest e mni bohydrate structure

required for Pelel/iealizatign ﬂgmwe a ipteTRlogous r@%m@e@a&%mﬂﬂﬂe ore. Lund et
aL, J. | mnot glefedaierit8idreRtS, thelEE polypeptides of the invention comprise the

catalytic domain of B(1,4)-N-acetylglucosaminyltransferase IIl. In a particularly

preferred embodiment, the fusion polypeptides further comprise the Golgi
localization domain of mannosidase II or f(1,2)-N-acetylglucosaminyltransferase
I{(GnT]). In an altemative embodiment, the Golgj localization dornain is selected



-65- 10168] The nouse- or hanster-derived cell lines used in industry and
academ a for production of unconjugated therapeutic rnAbs normally attach
the reciuired oligosaccharide determnants to Fc sites. 1gGs expressed in
these cell lines |ack, however, the bisecting A cNAc found in | ow anounts
in serumlgGs. Lifely et G yco biology 318:813-22(1995). In contrast, it
was recently observed that a rat nyel oma- produced, humani zed | gGl
(CAMPATH 1H) carried a bisecting GcNAc in some of its glycofornms. Lifely
et al., dycobiology 318:813-22 (198%). The rat cell-derived anti body
reached a simlar maximal in vitro ADCC activity as CAMPATH 1H anti bodi es
produced in standard cell lines, but at significantly | ower antibody
concent r at i onfom |tk F&ipTdvesidal/eATHe levalidai@nddnmimeli manbsydager Bslent at  hi gh

| evel s on | ynphonn. cel | ' LTer c as high, ADCC activity in
the absence o wg%ogeg mggfneg(ékg@?ac%l?lg RV od ‘%SQ ey?b%\‘%l Sgy 318: 813-22

E) 19?‘\;). | n t hincllizition Redhigy fy%‘,@isgrbﬁmbsg]trmﬁr. atwva&:,et ﬁaiobbdm}ailic}mgog '(I:'Nﬁll)s added
y the enzyne - ansf eras :
Schachter, Bi élggésrhé?]&%&%?% eg{fﬁﬁ%é%wei%@%c ‘%i%ﬂ*ﬁ%"(&ﬁ ous studies
used a si ngl eingentivhipdynedingdudireopdlidd® aletving itieregpression bf thasucficevi ousl y

of "2 ot oned. cap RFf s Tt SRPRIAC o RRML g Pl RRRMRRie | (C10) 1OV S
17:176- 180 ( 1599)be restivntcuttyspr oach established for the first time a rigorous
correl at ippgpet weqiﬂeﬁ%ﬁﬁ&%%ipﬁm@fggét s Ly odﬁgggo(ggv ,}nnltgﬂﬂty of the

nmodi fied anti body. | i i on havi ng

1] Further antibodies of the iIn
i ncreased Pc Seyitor Ptk phey relypeptider Brodieed bihe bed selly cemprsingor functi on

include, but mkedbial ihth Ehil dstt @1l ABtdleid) iR Br REKIrOdH B8 trveRiopoNOC| onal
ant i body (chCE?%ms]éotguced by the npethqds of the inventign, a chineric
}

anti - human reh% e mofifisd palmpertisatiet sradfeenemt sralFomersRdi50) pr oduced by

t he met hods oFc telgigni Meenjrtforblyathé porggeptideds &1 oHERIg@N@elomal ant i body
(e.g., Trastuzumah (HE P-“N)é: roduced by the. nmet hods t he i nvention, a
chimeric anti 9‘WEPr?Eﬂé %ﬁgﬁeg%n ) E”:fﬁ’ﬂr W%Hg%@%ﬁeﬂfa% Wﬁ‘ﬁ%"tﬁ onal anti body
(ING 1) pr odupsgpeptide isrcusimtphodsthatiindudes a regi@iequiedent & thalfeaegioned ant i - human
17- 1A anti gen trgmg&ll al antibody (3622W4) produced by the nethods of the

i nvention, a Aunmani zed anti-human - 66-
[0109] The present invention is further directed to host cells comprising the

nucleic acids and expression vectors of the invention. In one embodiment, the
present invention is directed to a host cell engineered to express at least one
nucleic acid encoding a fusion polypeptide having B(1,4)-N-
acetylglucosaminyltransferase I  activity or, altematively, pB(1,4)-
galactosyltransferase (“GalT”) activity, in an amount sufficient to modify the
oligosaccharides in the Fc region of a polypeptide produced by said host cell,
wherein said polypeptide is selected from the group consisting of a whole
antibody molecule, an antibody fragment, and a fusion protein that includes a
region equivalent to the Fc region of an immunoglobulin. In a preferred
embodiment, the polypeptide produced by said host cell is IgG or a fragment
thereof. Most preferably, the polypeptide produced by said host cellis IgG1 oxa
fragment thereof. Alternatively, the polypeptide produced by said host cell is 2
figion protein that includes a region equivalent to the Fc region of a humen IgG,
eg., IgGl.

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



col orectal tunor antibody (A33) produced by the nethods of the invention,
an anti-human nel anoma anti body (R 24) directed agai nst GD3 gangl i oside
produced by the nethods of the invention, and a chineric anti-hunman
squanouscel | carci noma nonocl onal anti body (SF-25) produced by the nethods
of the invention, an anti-human snmall cell |ung carci noma nonocl onal

anti body (BEC2, TraC one Systens, Merck KgaA) produced by the nethods of
the invention, an anti-human non-Hodgki n's | ynphoma nonocl onal anti body
(Bexxar (tositunomab, Coul ter Pharmggeuticals), Oncolym (Technicl one, Al pha
Therapeutic)) produced by the nethods of the invention, an anti-human
squanous cell head and neck carcinoma nonocl onal anti body (C225, | nelone
Syst ens) preparaedsuhwfﬂabmoﬂiﬂthsP&fmdbhembmb&laieﬂwﬂxecapao:adiﬁdmghunan rectal and
col on carci norma .manocl on norex (edrecol o Cent ocor, G axo -
Vel | comre) pr eﬁ?‘ d® gress %&?‘%F&f' %‘%ﬁ“@has 7GRt human ovarian
carci nona m)nmedptmaﬂlheaiﬁfehsbmm]ecibﬂ'mﬁdnagiypmfcﬁmylaﬁmm@semroﬁMQﬁfb by the nethods
of the inventi n.anti - human. acut e I nQ . eukem a .carci noma

: nonocl onal ?ﬁdofﬁ' gsﬂ’ﬁ?eﬁ% m%r%?%ﬁg%?ﬁglg%ﬂ'ﬁ%@y REE¥0) produced by
t he net hods ofatibdug- dwméantuemﬂarphigoegmdsls{mnmmkddgmhhesgd:reubﬁ;a nonocl onal
anti body (Cotara,. lechn nt| d Tec i‘nol y) produced by
the methods of ALY nveé'gomg?ex'née?gﬁ?mg R éf'(‘r*f”rﬁ‘ on- ReAgki ns | ynphoma
monocl onal antmba;d:yFﬂ{mE)Eﬁdele,&r hEGoRNiDT meceed biding )to pROdcklls.ed by t he

met hods of th %9@5 ghonal anti body
(CEA-C d e, I%%% m%(?g{f}ielsb‘{% ?11&8}%9%&1 t? |nvent| on, an
anti human col GMNs) increessd M@MW%WWS%WEIS 0€tmetrhqmd131 MN44,

| nununOEdl 5B ARNERsddtick A gRERNBNSI: O oobiles, 1RBI allioad ant | - human

ovary, kidney, breast, and prostate carcinoma nonoclonal antibody (MDX-210,
Medar ex, NovaPgfeiionyandderscasrdicell BEmABt hods of the i nvention, an anti- human

col or ect ghazapd paw@afcumgr b@ﬁéﬂ&xﬂ&@ﬁﬁ&lt@kﬁﬁﬂoﬂ%ldf%%ﬁeﬁﬁ@% Phar maci a &
Upj ohn) produ&gg Bﬁiﬁt he é H ention, an_anti-human TAG 72
expressing cartPi B\%{n‘iﬁi nt %Zg[b‘i?( mysigma flbia 88 produced by the
met hoFIs o:‘ thﬁoi;)sﬁ‘y‘r@éllbinﬁ)ﬂeﬂ am’EthElldalREmd b&%taﬁﬁﬁfd&ﬁsmmﬁw nona

monocl onal anti bo e e invention,
Anti - VEGF nonBEYRSH d&@./gfs”gﬁ %%%‘d%é} ﬁ%@ﬂ‘%@%’%@‘?ﬁ@ﬁ t hods of the
-67- inventi oﬁ?.BEarm:annmer-pmﬂamdexhlmdamt,mbmg;eupmmaieﬂcmﬂdmpmncr eas carci noma

and nmal i gnant 8?%%@0 nﬂ%%%!io anti body (BrevaRex, AltaRex) produced by
t he net hods o? Hvention and an anti - human acut e nyel ogenous | eukem a
monocl onal01i@ht i bodlyad@i\ibmb@bmmhIgAnmldixrﬁdiﬁe@odﬁpmgﬁwieqponypnnﬁdexf) produced by
e et ods Olue bl ok il by e dBYADI Al b, 0 7 o0t ed Lo
anti body fragment usion proterns conprisin region that is

equi val ent tomq@teﬁ@uﬂegmeuwmmmwdbm}mﬂs an@ﬂbeﬁ:a&&mn%nd Use OF

Fusi on Prot ei AP hinsddasl ¥ QR B4 LRI thdt Onéilies on O An
| mmunogl obul i n That Pronote P](I;e}ggwﬂe'dl a'ttlte K t ot oxi ci tg/ [01I As di scussed

above, the pr&¥iteny W%?ﬁrF%?Pcrfé‘l”&’t‘%’g‘%l‘l?“J&’ Fersertrd £ ing the Pc
receptor bi ndhtfl@staﬁé&aﬂie&tﬁdﬁﬁﬂic@b:d&ric%&bﬁwdnufanmhttmﬂd}ofhetﬂhﬁ&%peml c

ant i bodi es. Thls i s achi cosylation pattern of
the Fc regi on®BrhvogRaFug h’t%‘?t%ﬁf‘%’g ?r}‘%g g’f %ﬁ%’rf’&%ﬁ%‘@ﬂ ng the

ant i body- pr odtemln:gll eabmmdmomhﬁhnembadpﬂiqu@phd dﬁnwlctdnn -hemgh , GOTIE
activity or actl tivi d|f|.esthe

ol i gosacchari 3°es é’f‘%’ac ‘%Qé camf% (?n%goélfﬂon o such’ an uHboél es. This

strategy can bai-tapphizUA edigénrosmoelsw! Sberyd62VEY, helimahized apit ot oxi city
agai nst undesigabl c%logclai &ﬂ&?%&%%ﬁ;&?y tﬂé"é{uurﬂ%ln%ﬁ% Ean ttibB@, @ region that

is an equivalent to regio an | mmno not only by
t her apeut i ¢ afirictsd dgainst G2} m@%ﬁe%%g@@wﬁ%@mﬂuw@hél engi neeri ng of

gl ycosyl ati Onceéﬁo%tmdaaémﬁamabdagsﬁ Qﬂla{@mmeaﬁﬁemmgdy Jrsmlint eractions with
the Fc receptors on the surface of fector cells involved in the ADCC

nmechani sm Pc %@Wﬁ&ﬁﬁﬂ@@mﬁﬁmé@ﬁmE§NP§H§MVEﬁmPHé3@?@§@Wﬁ4%ﬁQﬁ scl osed net hods
can be appl i egntibb, ddGii-hithdn CU28 aftdbdy, dd - BeninGD 0L, kibdng- f usi on protei ns
made of a targeting protein domain fUsed to the N-term nus of an Fc- regi on
(Charctov and Ashkenazi, Trends Biotech. 14: 52 (1996) and (b) plasna
menbr ane- anchor ed f usi on proteins nade of a type IL transnmenbrane domain
that | ocalizes to the plasm nenbrane fused to the N-term nus of an Pc
region (Stabila, P.F., Nature Biotech. 16: 1357 (1998)). -68- 101731In the
case of soluble fusion proteins (a) the targeting donmain directs binding of
the fusion protein to undesirable cells such as cancer cells, i.e., in an
anal ogous fashion to therapeutic antibodies. The application of presently
dlsclosed nethod to enhance the effector functlon |nclud|ng Fe nedlated

.. = - . o Y 1




1f usi on pol ypeptide of the invention. Therapeutic Applications of

Ant i bodi es, Antibody Fragnents, and Fusi on Pol ypepti des Produced According
to the Methods of the Invention. 10175] The anti bodies (i.e., the

anti bodi es, anti body fragnents, and fusion proteins conprising a region
equivalent to the Pc region of an imtnoglobulin) of the present invention
can be used alone to target and kill tunor cells in vivo. The anti bodi es
can al so be used in conjunction with an appropriate therapeutic agent to
treat human carci noma. For exanpl e,”3¥he antibodi es can be used in

conbi nation with standard or conventional treatnment nmethods such as ;
chenot her apy, radl ation therapy or can be cqonjugated or linked to a ‘
t herapeutic I49l2 af Y'33@?555{90e%}%“\Wé}EPt%%IWB'a&SSP?WﬁR%eHe or a

tunor-inhi bit Ahtibeus! g_ﬁ,anﬁ.qmd@ng}yasmeymgﬁodyh@utah@(;@@eut| c agent to

the site of t car.ci ngQ 0176 chni ques fqr con ugatl ng such
ther apeutic a%j’@ﬂ'Pé‘ ?&“%%?Y' %U !ﬂﬁ eZARBIopIdg g tiRpd Y’s%‘{e L Anj on et al .

" Monocl onal A@hglb@idtﬂﬁbé@[adaﬂmﬂmpkﬁﬂgﬁﬁﬂoﬂﬁaﬁfmtﬂhtégﬁlénﬂbﬁ@%er Ther apy", in

Monocl onal Anti |es and Cancer_Th Rei sfel d. e eds.), Pp.
243-56 (Al an R %8@“‘?" At 05 Y‘F‘@PS’EW&WE‘P“&@ °‘tiY 5di es” For Drug

Delivery", i mmmmmawmmmb@mm&mummmmmy,et al. (eds.),
pp. 623- 53 (Marc Dek C. 1987 " Ant i bod Carrl ers O
Cyt ot oxi ¢ Ageﬁ?g%ﬁmﬁa@@m#%éj\y aaﬁﬂmi'l%gﬁiﬁ/ antiho, HY’I\"?B%%%/ Ant i bodi es

' 84; Bi ol ogi c@]DS%nnbo@y,iammaiunﬂp@DIH(Samubod}&anaEhhﬁm&EAeDRMt( eds.), pp.

475-506(1985) t s.atio oxi ¢ Properties
O Anti body- XI ngéﬁﬁga SJE m’runo‘?)Paqf{ev %&gg@é% 82)].
[017%] Al t er naanfiviaingn W%I@M@ngnﬁ@eh@dmaﬂﬂﬁ?bwypmm dobbodpuapl ed to

hi gh-’ener gy r@gimwﬂmaﬂggyco@ylﬁmcmw I:ﬁl‘dﬁtﬁo@?ﬁ}g Se@gﬁl whi ch, when

| ocal i zed at e tunor si resul In a cell dianeters
[see, e.g., Cluenectizvapsmscopiginingihe B domain oren aphi “P%%%%!ﬁluve of The
Therapeutic Usgpsdly, Radi ol abel ed Antibody in Cancer Therapy", in Mnoclonal
Anti bodi es_For Cancer Detection And Therapy, Baldw n et at (eds ), Pp.

303- 16 (AMdkni c %%greafghwfnﬁom&c%ﬁoo%equ &ethed SerepdugiRB 3di nent, t he

anti bodi es ofpouﬁepﬂde\ﬁemhbs@eemeo&phﬁugcgﬁbmﬁi@dh&s@céu &fRGeReh ANt | body to form
an anti body het er oc t of urmré]r"gl#]s as descri bed
T

on a

by Segal in U8 lFaA n“" ‘%"’FB“@“@ gaﬁgﬁg] a" erapeutic
appl i cations iceuylgtub&alﬁiil?l_trmms aft tdaemynv&nt Iaﬂﬁnatﬁayudﬁ{l,@pnj ugation or
converting 5 BN GERTRs COUTIPAURE et gombi nERnSER Benal -
antidbody-enzypredmtnmj' j efpagpodypieptide Geibitad a&-dnomevanbdp dohsdsting ofla rdroteo convert Ithe
prodrug to a enter et a
"Anti - Tunor E%ﬁ&# gef‘ﬁ%nt %:btﬂgdfﬂ%&%nl I ne osp grtgggcer r(‘)ig Nat |, AcaclL
Sat USA 85: 48fgion; proteigdat incindpm A regiein equivalenhto the Ex fegOn AR N Vi Vo

Antitunor ActjmidhEsowiin RRRRRNGIAYVARS Yilidy @‘umq &oResi de Derivatives
by Mynocl onal Anfegﬁ%oé?/ Al kal i ne Pﬁggp}lr}]‘gl% ase Conj ugat gs"t‘? Cancer Research

49 5789- 5792 {HE%WIY, QH@W&WN%&!P%W@W@@W Y Ant i body- Enzyme

—

Conj ugat es: h&mﬂmc&@ogaf&ﬁw%ﬁwoducd%ﬁ&&mcém ;188-193 (1990)] .
- 70- 1017918t| II not her t era u& use for, the antlptl odi es of the
i nvention i nv"ﬂ’l v &) tsolating sai pol tide. a preferred embodiment, the fusion

polypeptide  comprises the catalytic domain of  P(1,4)»-N-
acetylglucosaminyltransferase III. In a particularly preferred embodiment, the
fusion polypeptide further comprises the Golgi localization domain of a Golgi
resident polypeptide. Preferably, the Golgi localization domain is the localization
domain of mannosidase II or B(1,2)-N-acetylglucosaminyliransferase 1 (GaTT).
Alternatively, the Golgi localization domain is selected from the group consisting
of: the localization domain of mannosidase I, the localization domain of B{1,2)-



use, either in the presence of conplenent or as part of an antibody-drug or
anti body-toxin conjugate, to renove tunor cells fromthe bone marrow

of cancer patients. According to this approach, autol ogous bone marrow maybe
purged ex vivo by treatnment with the anti body and the marrow i nfused back
into the patient [see, e.g., Ransay et al., "Bone Marrow Purging Using
Monocl onal Anti bodies", J. din. Immunol, 8(2):81-88 (1988)].

[ 0180] Furt hernore, chineric antibodies, reconbinant inmunotoxins and ot her
reconbi nant constructs of the inverffon containing the specificity of the
anti gen-bi ndi ng region of the desired nonocl onal antibody may be used :
t herapeutically. For exanple, the single-chain jinmmunotoxins of the ‘
i nvention, nehfaesblglecespminylangfgrasedly % loedlizationglomaingf ¢ 4-6 cpr181]) Sinmilarly, a
fusion prot e'ﬂﬂccﬁﬂﬁ&rsfeﬁn_héﬁg’r_ﬁépdl@gﬁlﬁestpl&ﬁlu@atb'y%%éﬂhdagbﬂﬁe meghton of an _ :
anti body of the I nventjon joined to at |least a functionally active portion
of a second pPBEEMThareipsrrryediFa reeptaniindingatiinjtyapd/ordngeased elipgiorphoki ne or

oncost atin cafindlin, UPageritly, ifLmbredisiBiecteP iGbtRA TR ohd oVin¥i@ of e t hernore,
reconbi nant techni ques known in theHart can bhe used to construct bispecific

ant i bodi es whBHIH8- dprEeastd Foymeditedorellgas pdtoRicity; faeldingringregsedant | hody i s
directed to aantibbipdeRadentdenilRdytarkitigs increabtid bibbdiedepinbes cebitirdi ng specificity
of the anti bg% i S th@gﬁs .a nolecul e other. than,.said tunpr-associ ated
antigen. [ 0182PEREOH - IOPRrE N PIosTRe P S Eeae RN PRI s e| ect i vel y
Killing tunormekdtddanigennpiakd bygntigen-aresangegicelll dferaapsd diddingad NK bi nds to t he

nonocl onal antj bady of. {.h esent .invention. or .functional equivalent. This
et hod compr 1 s s, e i BRmmatd SRskBe, Bail 16 AT By coent
i nver)1ti on or ingreavdrbiulingjtomplinesphémclegar cllk dncreased diotctrignaling idwgingi si ng sanme with
sai d/tunor ce e T : I T 3 ci nona.

Aﬁgﬁﬁ sis ESARed HHORFnEE ohirgé{‘%x %g&t%ﬁf%t c%gﬁggbu&%

[0183] Additio y, this inventron provide treating carcinonmas
(for exanpl e tlimahiragion or imomasad T poll priining. Thehinereased Reaepeptorhindinges adni ni stering
to a subject gmhat FRAGHIY Stldakd Hhidh th 2 REPIRL 1yl GAAPAST L1 ON _
containing at_I| eadst one of the glycoengi neered antibodies of the invention
or an i munocHif¥8at es (e.g. the irnnunotoxin) conprising same. -71-

[ O1841 n gofgf t her nAapBeembbdifen: MéPREdnPRvenBortl fifel-8 abOlyBtidemPr oved net hod
for treating an, autoi nmune di sease produced in whole or in part by

d
pat hogeni ¢ auRTOARTd by S rasthods i the TRyt Fiioh havanyinaryassd PEBATHPR & ng
admi ni st er i nobigected SligdfEetHati€aalid the BE fegioh biVRidaEBpEftidal i yeaao@bogi cal |y active

anti body to a human subject i.n need.thereof, .t i.provenent conpri sing

adni ni st eri ngeﬂg"’g‘ﬁf?‘a‘ﬁ‘éb@m“aﬁg WM%}'&\?E"&&WPE&%?W% nz“f‘istﬁi“body havi ng

i ncr eased ADGacrpssebmomttionrof acdiongéadeligdshdehirides inshdifedsgiaf astahe i nvention. In

a preferred e i . ant | I -ant l,- iHhody. Exanpl es of

aut oi rmune di‘rs%g&%o |°tsa§°rndg?lésp°|9%}é Sklgtee? %Fx ghragg)%%aﬂ?%an%eed to,

i mmune- nmedi at gtirid ¢ncomplectype rapasicylarty préferted embodimaent, dicpplypdntids

t hr onbocyt opeyi rom oo i.di - r openi ¢ pm pur ee,
fﬁ;@%‘ﬁgﬁ%ﬁh@gﬂnﬁ%ﬁs SfY Rithdis bf 'th%Hﬂ%eﬂh& LA ATRAEUS

der mgt onyosi ¢ ] s chorea, | ?qus nephritis, rheumatic fever,
pol ygl andul arPregpripnofbissctedierpsfipsgatdolizasarcharives in e FpsgonsTheept ococcal
nephritis, eryiRitoRARFHIZY olAKANRSAESs Sn tebithdr ISbrid\tdiogpRx S di sease,
erythema multifor rre,)otgrglmyarterl ti s nodose., ank*l osi_ng spondylitis,
Goodpast t t r e' Feefeally-ofe MethadofiBe FgTeRt BVegPn a1y e used o peadiceni | j ary

cirrhosis, || gspepiabirs whidll ra0iladitt i5%, nidiy/ prafepablyc aiSiesist 2044 idteC acti ve

oo £ Voo HEERE oS A5h T SR S O SRS BT 005

| at eral scl er 84, Smort peefaatidy ras deast H0%p aloynplprdbly, atplesshidéepumreanem a, rapi dly
progressive glo ul on o) L |, bros) al veold t i.nfl anmat ory
responses sucﬁeé%ﬁlyﬁ&f%?ngrga)fﬁ?% pg‘r%dfrﬁgl%?ts}eeaggsée}ga’ 'REl pﬁé I %bgﬁ %ts‘}%a'rsn{ asi s and
dermatitis (etle, mdiroprderady mhidestits)s moys pwfarablysel kasd Jétonmomnd scl er osi s;

responses assQgi b b Peo) o di GARE: Crohn's

di sease and uﬁ%%@%??b%hiﬂ%ﬁg&ﬁﬁ; ré§%¥$§¥§$v€g§stre§@ﬁ2§23€€ne (i ncluding
adul t respi r a8k ynait Prefastdy o feast A, maRDS)eferabby ataledst 98%, mord ngiti s;
encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions
such as eczema and asthnma and other conditions involving infiltration of T
cells and chronic inflanmatory responses; atherosclerosis; |eukocyte
adhesi on deficiency; rheumatoid arthritis; system c |upus erythematosus
(SL; diabetes nellitus (e.g. Type | diabetes nellitus or insulin dependent
di abetes nellitus); nultiple sclerosis; Reynaud' s syndrone; autoi mmune
thyroiditis; allergic encephal onyelitis; Sjorgen's syndrone; juvenile onset
di abet es; and i mmune responses associated with acute and del ayed
hypersensitivity nmedi ated by -72-




cytol cines and T-1|yraphocytes typically found in tubercul osis, sarcoidosis,
pol ynyositis, granulomatosis and vasculitis; pernicious anenia (Addison's
di sease); diseases involving | eukocyte diapedesis; central nervous system
(CM inflammatory disorder, multiple organ injury syndronme; henolytic

anem a (including, but not limted to cryogl obi nem a or Coonbs positive
anem a); nyasthenia gravis; antigen-antibody canpl ex nedi at ed di seases;
anti-glonmem ar basenent nenbrane di sease; anti phospholipid syndrone;
allergic neuritis; Gaves' disease; -4lanbert - Eat on nyast heni ¢ syndrone;
penphi goi d bul I ous; penphi gus; autoi nmune pol yendocrinopathies; Reiter's

di sease; stiff-man syndrone; Behcet disease; giant cell arteritis; immune
conpl ex nephr iPrgferably @A@ﬁﬁf@é%r vprapipferablynt jsest 9%13@9916&@@ at leatiune

t hr ombocyt opereg; RisleBttiabty ol kst 9o, AR SHRUMIGHLNECTRAGK BRG] A etC. In this
aspect of the invention, the antibodies the 1 nvention are used to

depl ete the bltbmmlmwtﬁ@%rﬁmnﬁsosa@teﬂsThmet%gﬁseﬁ@m@@umeﬁmway[0185] In

accor dance w mo%@ese@f@p@sdu&epo%ephmum}!@meamsv xﬁ&e%ﬂ?&a%ﬁlat”ay be a hunen,
equi ne, porcine, bovine, nurine, canine, fe e, and avi an subjects. O her
war m bl ooded AFstAd% merepreferably ateast 2p% mope mrﬂﬁ%blm/l@ﬂ BYfe. M919186] The present

invention al sqrdé&amly m&s@sﬂeﬂl&egm?@dbaﬂ& Radt 4hg, BorS PrefeRbly st1thdfering froma
cancer. The subject may rat, rabbit, horse,

goat, sheep, cf'é\ﬁ o EW@Fi’bIYTﬁel“’%ﬁQ/@rmPF&)P’ﬁ%”WHé‘Hﬁ?"‘F‘l P 8OT8 by east |

bl adder, reti lﬁﬂéﬁrﬂﬁlﬁ:l& alrmst cﬂo%pdnbﬂe@feyemygedé RO 576 afidie Pl;aféfhbg'fat feb? oyaré, Wints
tunmor, or smal] ce up i nong,and is racterized as a
group of cells’)O ‘v Rg PELY 'rcy Zl ’e’&orﬁrﬂrf‘g@eﬂ gﬁea%/th@b/gerfl?msurface. Thi s
nmet ho)d conpri merdﬂmrmmﬁ%;nmgeprefetahlgasledsjm%,moxe@nfamblyldtlehsitng anount of a
Lo an et et RO 6o LA 09 PR LY. (1 101 1o
condi tions V\hlpcftferﬁéyﬂiﬁ@stP%mnrﬁcrd‘;lysdﬁa#QP%edth@hmsmhartdssmarget on the

cell surface. I body acts
directly or mgyr ec %Sﬁé%%gﬁdg%glg%ﬁl %ute to t%ﬁgﬁﬁs??% of the cells
to bound t her gpert invenvign mhebasusb] e produfeppbpgpiflesdn phigl ktdeast 158, a et hod of

i nhibiting t h%n&éﬂ‘efefaﬁl@%ﬁlb&mo%nim atﬁéé&%%%bx’e%m‘f@?db@‘atco”p“ Ses

contacti ng the mahmal i an tunor cel a sufficient concentration of the
gl ycoengi neer deskit4. Bt E%fe%'?lyﬂﬂé‘mf Werﬁo%ﬁe%ﬁblé{ﬁt leasy 40%, W9FEinoconj ugat e

conpri si Ng sargefsablpst idadt 45%nbe prefidly & ©aa50% métk plefegabiBuia4ti an t unor
cells. [0188] The su +ec1ﬁ5&)@ qgﬂso??fu%}aﬁgggr rovi d??aﬁtngst glgj?féfor i nhibiting
t he growt h of % ﬁfg‘fﬂi} % ct, and
treating a prqréféreblahtilsee H0YPRodipffadbdy dt ad 75U h6e€ prefefddBsst lea®t hods conpri se
adm ni stering o the su n e ctive nt of osition of the
invention. [O §°j’ R gre%gﬁr fast gfé?%? gm?‘%% ?thlg%?)gﬁ/&n?r@nventl on
enconpasses ptmcfnrahiyeattleastal?/ucmnmpwfmbamleasteﬁﬁ_mmca'epmfmbwlaaat hods for
Lreating AUMRMGAGE)NARRSLY P el AT ufire bidferabid W AaliWBod, NG HdES

phar mpaceut i cal” CONPOST t use’'in at ment” of human car ci nonas
conprising a milavaﬂﬂ?e‘)@lﬁlﬁ19ﬁlIerlreEfm@@Iem]epeamm@s@fﬁﬁdmﬂﬁmsﬂb*wy of the

present i nventiyan.caReh iR PREBERM Gy a0 BEEED BRME:e o pdpBlies
in which at least 15%, more preferably at least 20%, more preferably at least

25%, more preferably at least 30%, more preferably at least 35% of the
oligosaccharides in the Fc region of the polypeptide are bisected hybrid
nonfiicosylated.

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

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



[ 0190] The conpositions may contain the anti body or anti body fragnents,

ei ther unnodified, conjugated to a therapeutic agent (e.g., drug, toxin,
enzyme or second antibody) or in a reconbinant form(e.g., chinmeric

anti bodi es, fragnments of chimeric antibodies, bispecific antibodies). The
conpositions may additionally include other antibodies or conjugates for
treating carcinomas (€.g., an antibody cocktail). [0191] The anti body,

anti body conjugate and i mmunot oxi n conpositions of the invention can be
adni ni stered using conventi onal nodek-of adm nistration including, but not
limted to, intravenous, intraperitoneal, oral, intralynphatic or
admnistration directly into-the tunor. Intravenous adm nistration is
preferred. [ 0®dizfd cifalacyteprabity (inding fucrehmd antibedit depmdendgellbler i n a variety of

dosage forms WAkl AChidBes BalboR. il ibSfhekByold Whepeol Ut ons or

suspensi on, ets SUppoSI t or | rl'c mcrocapsul es
or microvesi CFI@B‘«'aseﬂ|0p@mnﬁsmtamdmﬁms€bmmmplphmamtbﬂ ent@eﬂ utions. The

preferred for Q§$ﬁ & dg mﬂgg& shiRtiRn.aed.d he therapeutic
application. qggg E C npg%@ Fgﬁs %§£ e |ﬂ%e#$?on ngo preferably
i ncl ude conve mﬂJaaMmqsmhmwwase@bm@na@c@ppmen@@mdém@nam adj uvant s

known in the ?Blﬂfm ﬁﬁuﬁ&r%ﬂ%m&%&%@gi%ﬁéﬁdudn@ﬁboﬁ%ﬁbﬁ&%é@ al um na,
| eci t hin, buf subst ances such_as phosphates, cine, sorbic acid,

potaSS|un1sorB%E%mk%ﬂﬂfWﬁ%ﬂ@@méﬁmﬁpﬁﬁ%FGW?*@Q“‘ %Eﬁﬁé@mﬁﬁﬁ%aﬁ1ne sul fat e.

- 74- - [ OL94Thencitaell Teéf Riihg/ CIAPEeerRd erdtbinitng the RicleR9d Pitekeplasage regi men for
t he conp05|t|gwamof this invention de ends upon the severi and course of

t he di sease affipii{s ingregy “@H@&HH F AT LoCrRier TS and t he
j udgnent of tlwefmmeaheﬁ@eqﬁh:yﬁﬁﬂhamdwmdbmghygn@heow of the

conpdS|t|ons §hoqu titrate t he i ndi vidya i ent verthel ess, an
ef fective dosé’® g?‘?ﬁgﬁw%ﬁ&é§W%%#l %ﬁlﬁﬁﬁ%llﬁb h?n t he range of
from about 1 tw irafpougloBAB0 &gﬁkgmmﬁﬁﬁ@@ﬁﬁﬁemﬂd@awuﬂm&mﬂesmbﬁbed herei n may
be in a vari egﬁéregged 99 ?e@‘cg)‘ta'or EBEHE affinity and/or increased effector function.
[0116] The present invention is further directed to pharmaceutical compositions
comprising the antibodies, antibody fragments retaining the Fc region, and fusion
proteins having a region equivalent to the Fc region of an inHmunoglobulin ofthe
present invention and a pharmaceutically acceptable carrier.
[0117] The present inventior is further directed fo the use of such pharmaceutical
compositions in the method of treatment of cancer. Specifically, the present
invention is directed to a method for the treatraemt of cancer comprising
administering a therapeutically effective amount of the pharmaceutical
composition of the invention.
[0118] The present invention is also directed to a host cell comprising an
expression vector comprising a nucleic acid molecule encoding & fusion
polypeptide, wherein the fusion polypeptide has p(1,4)-N-
acetylglucosaminyltransferase I (GnT IIT) activity and comprises the Golgi
localization domain of 2 Goli resident polypeptide; and an expression vector
comprising a nucleic acid molecule encoding a polypeptide, wherein the
polypeptide has mannosidase I (Man IT} activity. In preferred embodiments,
the nucleic acid molecule encoding the fusion polypeptide and the nucleic acid
molecule encoding the polypeptide having mamnosidase II activity are on the
samne or separate expression vectors. In another preferred embodiment, the



whi ch include, but are not limted to, liquid solutions or suspensions,
tablets, pills, powders, suppositories, polyneric mcrocapsules or
m crovesi cl es, |iposones, and injectable or infusible solutions. The
preferred form depends upon the node of admi nistration and the therapeutic
application. [0196] The nost effective node of adm nistration and dosage
regi men for the nol ecules of the present invention depends upon the
| ocation of the tunor being treated, the severity and course of the cancer,
the subject's health and response te&3reatnment and the judgnent of the
treating physician. Accordingly, the dosages of the nol ecul es should be
titrated to the individual subject. [0197] The interrel ationship of dosages
for aninals offuswarpbbmﬁéeiopmsrimﬂtesqtﬁﬂiceigmdndffﬁnmﬂnénmmsiéiumh my/ kg of
surface area i Dkag% Sheh ncer Chenot her.
Rep. 50 (4): 8?“ ﬁdﬁhét mn?%@r?ﬂ]tlﬂmggc%uegfegl men may be made
to optimze tWemalunﬂdamﬁlﬁﬁ(lg’h)f}imchtylghmswmvltrqm&medellﬁﬂ-Ng response, e.g.
doses maybe di Yo lay! t i | is or the dose reduced
proportionall yyégq%enga?ﬁn upofgﬂa‘fe%ﬁ;ns gg‘i"s?%&% 6&&’?§sever al divided doses
may be adni ni d’lweﬂé@ﬂéfaﬁseyﬁmﬁlphwpmm@momwmté@ﬂmeﬂmﬁmg on the
specific thel’%ﬁll{%é%?l‘%l &a &Qﬂ:ﬁﬁjﬁfz ﬁfa:{:ih?e@{cefl% the dose of

| nven to ac

the conposition o Ion req U|re Ieve cures may be further

reduced with $@hetrsllePsisrabhy thekassl ls[ﬂ(ﬂ%'}cm BB el abPesehi t h the practice

of the invent 'aﬁlPZféEEﬁ Wéﬁﬂ}%ﬁ&%&lp@bférzﬁdu%m%ale@ﬂ aperREf carrier. The
lipid carrier phosphol i pid. Further,” the lipid carrier may be a

fatty acid. AI%’@KQGH’@H oF pipridapaselly nay be a detergent. As used herein, a

det ergent [g1ggjany S'Fli%iﬂv@zﬁtfbﬁ &g)?r@id&ﬁmsthduemﬁwsﬁ@ Sidoh Ggdtop! a i qui d,

gener)al ly | owering 200] 1 n..one exa t.h vention, the
det ergent may B‘BP%WBH?%W&EM ngp ’f‘&r?@ﬂil i det ergent s

i ncl ude, but m-ammucbummwhdnsf@asem)ﬁepsanjxaﬁ\etyaﬁﬂc(oaipﬁﬁasmemmglas Tweet] 80 or
(pol yoxyet hyl b| an m at e nd Triton (f exanple Triton
NVR- 1339 and %’@aﬁ %‘:l ﬁs’zd%nrtrpa ’JP%"&? 0 RER er"ﬁ{?ﬁt may be an

i oni c deter gembmpﬂhmgea(anqkheamﬁ Imiecubmncoddgt:epqmuden@&hmlmsme but is not
limted to, al] onally, in
accordance w tpﬁ&%{#el&él %?@%Méﬂﬁ §1 wﬁl‘ie%p%%@s%épgécﬁ posone. As used
in this appli conprising anuqlm@génmlecpls_@mdmmbolmhmmmme&p cl e which
contains any nRhEeHEARs fl,25-RGodAYELEnT HanGRRDH RRHiT 1898165 €Of -

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

the nucleic acid molecuie encoding a polypeptide having Man II activity and the
nucleic acid molecule encoding a polypeptide having GnT I 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
nueleic acid molecule encoding a polypeptide having GoT 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 GuT I activity are on the same expression vector. In another
embodiment, the GnT II is on one expression vector, and the nucleic acid
molecule encoding a fision polypeptide and the nucleic acid molecule encoding a

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



[ 0203] The exanpl es bel ow explain the invention in nore detail. The

foll ow ng preparations and exanples are given to enable those Cct in the
art to nore clearly understand and to practice the present invention. The
present invention, however, is not limted in scope by the exenplified
enbodi nents, which are intended as illustrations of single aspects of the

i nvention only, and nethods which are functionally equivalent are within
the scope of the invention. Indeed, various nodifications of the invention
in addition to those described heredfr will becone apparent to those skilled
in the art fromthe foregoing description and acconpanyi ng draw ngs.
Suchnodi fications are intendedto fall within the scope of the appended
claims. EQRARIPLES BEetemlitondl aipseteths inventienisldivotefitodost callspmmprisingt i on of ant i body

expressi on vegt %g, TR1502 [ 0204] The
C2B8 anti CDZ‘EE[)l %Etl%oonl{/ehtgxpr sgﬁgo%\ggcg%:{% g%i@%?l%l%bgﬁﬁ%onm sts of four

i ndependent , @épmtdﬁ,ewlvm@s@s@n rolynentide bss &hﬁ&dﬂeﬁ%}ﬂﬂ‘@f@a@ F3 anti body
light -76- cRai actiPaddQbmp cfla i W m&ydoﬂaﬁwa@&a'r&deﬁﬁe for the

neonyci n resi stance gene an nmarine dhfr gene). Al genes are
under cont r ol POBPERYYE BEARDKBIESSIOR Vepter W@pﬁ@lﬂuﬁ@ﬁéﬁd\ﬁédg%ﬁ%orm Vi rus

(epsv) and coaat-,ﬁ]ﬂlﬁ A& bl herem A RIMDHAP RAsHAREAaR T QanSignal derived
fromthe pol yadeny ﬁ%ﬁﬁﬂ Si gnal of thebb:ﬁabbl t fi-globin gene. [0205] CDNAs

encodi ng t he FH¥PaB REfrEd sybqdimems, themiclpigarid Blolecyls PRpding@siath aj n regi ons of
the anti - CD2Ghotyptptiaedyd GRBRicIRI Bidaasierly afodisdMpalypetidohaviger | appi ng

si ngl e- stranded oléagoI?a%l eoti dﬁ? in a one -sg%(g rocess usi.ng PCR

( Kobayashi , § 1L oty ane o e SRpRR. X pressk o (5 1 SPBAEHS TP or i gi nal
fsequ5nce codlvagtofsorPrc(fQMy e fasival polyipeptite conpriveztie catalyde dehid 6©Hm a publ i shed
04/ 11026) . AL B AL vp sl . Rl Tl b A N T

pBl uescri ptI IM@W&%H@WWM&B(RBW@M:@W&I p(l&m ds and
sequenced. %@"!’: ai re | 1Tl fromthe
correspondi ng pBI u c(gg%g &%BI tf}g %@%%I tfem n‘%g’pr. mers that

i ntroduce an inewyltrprsérase. dnapmfegﬂ@ba@mmeth@os@ﬂbmmteéﬁpmm| ate

restriction ér&%oﬁ&shh%&‘d:ﬂﬂﬁﬁdh&?ccﬁf ea@caead&%%eﬁ&a%&&ﬁaeﬁnt regi on (BsiW
for the light: chain and Nnhel for @%lyc ai n) const ant

regi ons wer e HpBYPW; tbﬂhﬂcﬁ%’b‘&%ﬂﬂlm a@sfammfr%f%eyﬂ( Qui ckel one,

C ont ech) US'mﬁEbME&§M3hﬂﬁséﬁwsﬁa&wémO€n EEBRICs6d, 6h Sites at the o
and 3' ends ( gng\i ]i Banl-11 for the constant |ight chain and Nnhel and

Baral Il for tH# nt heavY chain). [0207] After confirmation of the
correct DPHAISequelestadditibml {52436 tha fivedtdd ¥s directed to a host ceil

cOTmprising an expression vector comprising a mucleic acid molecule encoding

a fusion polypeptide, wherein the fusion polypeptide has B(1.4)-
galactosyltransferase (GalT) activity and comprises the Golgi localization
domain of a Golgi resident polypeptide; and an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
mannosidase TI {Man II} activity; and an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
B(1,2)-N-acetylglucosaminyl-transferase I (GnT II) activity. Preferably, each
nucleic acid is on the same expression vector. In a separate embodiment, each
nucleic acid molecule is on & 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 IT activity and the nucleic acid molecule encoding a polypeptide



| i ght and heavy chains were each conbined with the MPSV pronoter and

pol yadenyl ation signals. In a first step, two different expression vectors
were constructed: one for the C2B8 |ight chain (pBTRL315) and anot her for
t he C238 heavy chain (pETR1316). In a second step, a neonycin resistance
expressi on cassette (neonycin resistance gene derived from Tn5 transposon
and put under control of the mnimal |vff'SV pronoter) was introduced into
the vector pETR1315 resulting in the plasm d pETR1481. A dhfr gene
expressi on cassette under control of#5the MPSV pronoter was inserted into

t he vector pETR1316 to give the plasm d pETR1328. In a final step, both
expression nodul es (C2B8-light -77- chain + neo and C2B8-heavy chai n+
dhfr) were cob¥ingénTilrchyiy ajecnrihsysapeespressiongettar. (Thelopentionsled pETR1502.

at ;3%)3? ggtzgxeﬁdag_t%memmm%ﬁmeﬂeﬁaﬁﬁ’glé&q?lﬁﬂ%ﬂﬁﬂ_ kpa0 conbines a

anti body expression vector wth an origlin of replication
from t he Epst ¥cienBad the jycleirsacidanqleoyle enspdingy Bsipmpolypeptids andtbd| i cati on and

mai nt anance i fucfefl R iR eAcddin | EhdViRRhTME dcityHicdear antigen
(EBNA) . For coﬁ%tfhction of theggggggzg ression vector, pETR1520, the C2B8
expr essi on motiE FEICXRIRSSIOE YRAoH1 Bheyipiention &isp preyidesthat theppedgit acid f r agnent i nt o
ol P oont ai ni RGIeNECLARTRIAOT s of b pekRh /BRI M aldegl M | ar Lo PETRIS0Z
Wi e exceptjon that 1| [ asni, neQnycin resjstance gene is
under controlgéém? BFHVF£3FQ§%@SQMUP“ [fad Be AR q¥¥LWF@%WEronDter9

Ant i - f i br onecéncodhgy ¥ gobypeptide Kiving Men Mucie af onilelsBh 5 dpresdioti09] Thi s vector is
the sane as vector. pETR1520 xce hat the variable heavy and |ight chain
codi ng regiongm%T:?ﬁgn%ﬁTégh%ﬁFW@géﬁ sﬁﬁ?ﬂﬁ%@?%WgWgﬁﬁ% B replaced by the

r espeﬁcti ve coditaiicdegaionbGaT. Iantfarthechyeftrid embodimem,theemdlgibody recogni zi ng the
ED- B ‘domai n Ofocilfzﬂoﬁﬁgﬁ:}iﬁ *hemmﬁ‘ﬂﬂ%‘%@ﬁo@q%g{h@%%d' ng DNA fragnments were

synt hesi zed by overlap extension _ synt hetic
ol i gonucl eot i ghetylghweseuinylrandfimass b (i &rdeaceilglvaesaminyivaisfesase Bgi ons of the L19

ant i body ( Pi Npan Al 1 @la1 6y Bl iibliersa? 3( 34) 1 21769-76 (1998)). Anti - EGFR
anti body C22}5[5 ex r.eIssio_lo’n R or_s%%.er 128 102101This vector is the sane
as vect orlVPRIrR152Fhe imxentipn furtherprovides ahepticalbengingeradlp exmiebs pilgpst  chai n codi ng
regions of thgneGdffc a0 bictdkPa RRbA pifte WEviREGHT reRliaqaela By the respective
coding regions of the antibody C225,a chimeric antibody, recognizing the

human epi der migrst Gromickeicr it grodingcpalmertidehavips Magd] atvidlino# encodi ng DNA
fragments wer anGidnbitesietad MiDVIBE bR sR¥lac06 BNHPES bR 4iSi ng synthetic

ol i gonucl eot i 05 Ba e O b e AT SR e da it SOk oty 5

host cell is selected from the group consisting of a whole antibody molecule, an
antibody fragment, and a fusion protein that includes a region equivalent to the Fo
region of an immumoglobin.

[0123] The invention also provides a host cell engineered to express a least one
nucleic acid encoding a fusion polypeptide having GnT III activity, at least one
nucleic acid encoding a polypeptide having Man II and at least one nucleic acid
encoding a polypeptide having GnT I activity in an amount sufficient to modify
the oligosaccharides in the Fc region of a polypeptide produced by the host cell,
wherein the polypeptide produced by the host cell is selected from the group
consisting of a whole antibody molecule, an antibody fragment, and a fusion
protein that includes a region equivalent to the Fc region of an immunoglobin.

[0124] The present invention additionally provides a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GalT
activity and at least one mucleic acid encoding a polypeptide having Man Il



regions of the C225 anti body (sequences can be found in a published patent
application with international publication nunber WO 96/40210, Figs. 16 and
17 of that patent application for the heavy and |ight chains,
respectively). 2.Construction of CmIDI -fusion expression vectors pETR1166.
Vector for constitutive expression of Gant [02111For construction of the
Cnirl 11 expression vector pETR1166, rat GhTlIl was anplified froma rat

ki dney cDNA library (Clontech) by PCR A Ctermnal c-myc-epitope tag was
added i medi ately upstream of the st4gp codon ofthe gene (ami no acid
sequence: PEQKLI SEEDL) fmlater, convenient detection of Gant by Western
Blots. After confrmation of the correct sequence of Cnllll the gene was

i nserted undemctivitpinan hmaht suffeiehfdEModifyanaoligosacaimmdes istieBdregionnfr abbi t

vector al so coNear At oAty B Bt et perdimBoedile: o Tor o
NSV pr omb o1 -andesynt hetle. EARPLL. Bet A aLobl . pol yadenyhation i gnal
PETR1425: Repla%ébg%iﬁ{n%&(%‘ﬁ’ s aif”%%’%’te‘?g“g‘ﬁ%%% %‘W%s“%?“g@]*érﬁl{ey_ﬁy the first 102
anmi no aci ds ofregide@f inemundgiohin. 102121The construction of this hybrid

gl ycosyl t_fo??bif €T asg , 4ehGte WASodRdnt Q{egfegeng%ve?lﬁgnfs&%@ﬁol%de@ﬁoﬁ @fPi ng PCR

reactions one reaction, the stemTregion Of : was anplified
usi ng the pri gesizcaCAR: expBssoat ipasbaB: MBBic Ridrenendiog laifesieaRIypentidei on a Kozak

consensus sequj A0y, A8 kst bRStul it tabi® Bncdkih ad hpt roduced at the
5" end. The resultin Ig?:%'fragrrent has a 23 bpggégéqfegp e\?\aﬁ?ﬁHEGﬂBl starting

at position 2Mpn I godsetdesstomg ety peid enceding 2 pridpegfiderieviog SIntlf r om posi tion
229 tf 380 Wasctaiep inah b Shnv¥ubiicht 16 mPdiky RS 0B gSab¥ahatidds itASIF nlef8 generating a
PCR ftagnment with a_uni que Bst3Cl sjte at the 3' end and _an 22 bp overlap
with the Cnfl a??wpéﬁ%ﬁmﬁ%'&’ﬁ@swumemﬁlﬂﬁlwefm%mgwmre purified
and us e;j as ht XG0 l:éllltie&lebte? fori e @&uﬁ’@ﬁsiﬁﬁ@@?d ﬁéble(@gﬁdg?ﬁﬁleﬁiﬂadzimhand .
GAB- 178). The res i n r nt_was purifjed an i gesyt with Ascl an
-79- ligated €& W%ngﬁﬁﬁ%fm('@g'?CI W&&”ceﬂm’fﬂ@?gﬁﬁlpf resulting in
the plasm d pepkib4d4n imddiinegiotim ePreferybighepayfperitide piotited by thadodbeen confir ned
the MPSV pro | enent ded .t EIR1404 .a n . (partial
i geston) 1 RosPpPERbe R ko ekl B AR RATEd DL 1
Bst XI fr agnment Infan eddditipEaliRple€red embodinprb ths pappeptitetporduesd by fhelmgstt he ori gi nal
rat OnTlII ge t C e I .agnment of

28 Hfifits i?ﬁgm%f%&&g%%p of 1€ 2CREESP B Ot

PETR1423 resul ti I asm 'R1425 contal ning t Tl - GnTBI
fusi on under &orwatdy, s inerpased\Eotop fusalinnais oamer moss pf dparessest Faesi st ance

cassette for selifehbdidlar GiddiRity H0H48ARRing Nk &li{ increased binding
GCGTGTGCCTGTGA COCTGCTCCAGOCACTGTEOCC. GAB- 1787 o0

GAAGGT TTCT CCAM BT hessy mereasehpindngopolymorphonuclear cells, increased binding
CT GAGGCGCCCCOaAGKAT ORI MEAGT TSkt andpBs, iRBeased dendritic

FAGT ceii maturation, anﬁor mcreaseg’lé\ cel pnmmgi'c'.a\
[0126] In an additional embodiment, the invention is directed to a method for
producing a polypeptide in a host cell, comprising culturing a bost cell

engineered to express at least one nucleic acid encoding a fusion polypeptide
having GoT III activity and at least one a nucleic acid encoding a polypeptide
having Man II activity under conditions which permit the production of a
polypeptide selected from the group consisting of a whole antibody molecule, an
antibody fragment, and a fusion protein that includes a region equivalent to the Fc
region of an immunoglobulin, wherein the fusion polypeptide is expressed in an
amount sufficient to modify the oligosaccharides in the Fc region of the
polypeptide produced by the host cell; and isolating the polypeptide. Preferably,



phi 1t 1506: Repl acenent of the 76 N-term nal am no acids of GiTLII by the
first 100 am no acids of human mannosi dase IL 102131The construction of
pETR1506 was performed anal ogously to the construction of pETR1425. The
stemregi on of the human mannosi dase Il gene was anplified with the priners
GAB- 252 and GAB-253 using the vector pBlueman as a tenplate. During this
PCR a Psel site and a Kozak consensus sequence were introduced at the 5
end. The resulting PCR fragnent overlaps the GhT1ll|l gene starting at
position 229 by 23 bp. In a second #ER reaction a part of the Onll Il gene
(position 229-460) was anplified with the prinmers GAB-254 and GAB-255. This
PCR reaction generated a fragnent containing a 43 bp overlap with the
nmannosi dase Igewnﬁtﬁ“ﬁ%@n&ﬂee&q@%wtlﬁ?ﬁt@ﬂ}@u@ﬁ‘F‘Edf'élﬁdélge&t the 3' end.

Bot h fragment s1esiRle BitideiGn® & agtisty U GkladBioh AP RiGiRmbbtisBent, Rler d PCR Wi th the
primers GAB-2 Z%E%d GAB—g255. .The resulting_ fragnent was inserted into

pl CLOH gi vi ngfUfipe Pelreplide qomamzes i catalytic domainsolclnly Be t sk fifBtice of the insert

has -80- beepefers btbabneht) eeCRS BéIGpchtit! ARhe QB8R tHeQRagir uct ed by
ligating the F fragnment of TR1484 w t

sel / Stul ) th the St / Bam n
fragment fr on%"b%?ﬁfﬁ 4Pt p hterqlpgopspol ﬁgﬁﬁﬁﬁ?ﬁ‘eﬁ&e&mﬁﬁkl ). The
resul ting pl agslkidoceRAEtRlAM isGMcalizatsh doRginbyBenn6kidd T, Ba@Y Bl gene (SEQ
NO 14) under contrql of the MPSV pronoter. For selection Qf the plasmd in
mammal i an cel Necsyiglposmipimsieeest ahce RHUOH wds i #5eP?Ed as a Spel
fragment fr onpkt)ighitésaminyliredstirRel b -Grorsicosh i Maefeklill, RN Sequences:
CGCCA

GAB- 252 : GCTAGCCCHEEC &%%AA&C&@%IT% GITCGG GAB - 253
GGGGACAGTGGCTG e oAec T PP Cﬁgé;g!;ﬂ/&’&fl'TTTCC-IG GAB - 254
CACAARESovoiiidnl GiiHEier difscied (6@ Tisod GAfORICIgaPolieMde CACT GT CCCC

T
GAB- 255 ATGCCCCA %ﬁ‘%l : I i of the hybrid
mann- Grai n f usi ontge emﬁﬁﬁﬁgﬁgﬁ%%%%ﬁ%ﬁp@#%m Epstein Barr

virus. [0214]wsleisgsit mreoging avision poiapepidahaning GARB:tPGamdat feast brefar agnent

cont ai ni ng orj : k1 %zﬂrﬁz_g ASHy ghw wvitrogen). During
this PCR reac%?gﬁéa%g{dﬁgg%glsﬁ%p?@ e Eggrrent spICféraéloél _E%:%SRI sites were
i ntroduced. Fuhickpeguibthe pradictionpsa palypeptide stiepted fromahe groyg ensislingi nt o t he vector
pl CL9H. Af t er ot ighofeOnfifal mPREHIE B SntiBody FH88 B CRAR IAls¥R Yrofid fBatvas i nserted as
a Sspl fragnment into the vector pETRL001 (digested wth BsnBl and 5'
over | appi ng elielades p repion equivalgatitefhe Kq regien et goimppepsletwiio, wherginthes y| t i ng pl asni d
was desi gnat efisipic Pbp&pfide A Siprdsbed/ il a1 afiBia: | suffiaibhd to @6@KECHRI ON cassette
from pETR1510 was insffrte l%fnto p TR15%E dideqes ed Wlt]tJ t he sanme restriction
endonuc! easesCHFPAFREReR I B EcIpRor 9f @prplypeptide produced by the host cell;

and isolating the polypeptide. In an additional embodiment, the host cell is

further engineered to express at least one nucleic acid encoding a polypeptide
having GnT II activity. Preferably, the fusion polypeptide comprises the catalytic
domain of GalT. Also preferred is that the fusion polypeptide further comprises
the Golgi localization domain of a heterologous Golgi resident polypeptide.
Preferably, the Golgi localization domain is the localization domain of
mannosidase IT, f(1,2)-N-acetylglucosaminyitrensferase I, mannosidase I, B(1,2)-
N-acetylglucosaminyltransferase IT or a.1-6 core fucosyltransferase. Preferably,
the polypeptide has increased effector function as a result of the above
modification. Specifically, in a preferred embodiment, the polypeptide produced
by the host cell has an increased proportion of bisected, nonfucosylated
oligosaccharides in the Fc region of the polypeptide. Preferably, the bisected,
nonfucosylated oligosaccharides are hybrid. Even more preferably, the bisected,
ponfucosylated oligosaccharides are complex. In a preferred embodiment, at least



-81- Prinmer sequences: GAB -261:
GCTAAATATTGAATTCCCTTTATGTGTAACTCTTGGCTGAAGC GAB - 262:

TAGCAATATTGAAT TCGCAGGAAAAGGACAAGCAGCGAAAATT CACCC pETR1537: Conbi nati on of
the hybrid manl|-GaTILI fusion gene and a truncated CD4 cell -surface marker
gene [0215] The pETR1506expressi on vector was nodified for additional
expression of a truncated cripit cell-surface marker gene. Briefly, the
hybrid manl|-GhTEL fusion gene expression cassette was converted froma
nonoci stronic to a bicistronic expregsi on cassette by inserting, downstream
of the stop codon of the masull-GiTElI fusion, a polio viruslRES el enent

fol |l owedby a cDNA encoding a truncated human CD4 protein (conprising the
human 0) 4. | eaftem DHeguEice PiH of dlxr digosanchiuddes dmvtid Boy rdgiva dfrtbeasmenbr ane and
extracel | ul ar I I P g fect] of . | i | | ith

GnTEI - f usi on-pg?fg&éd%t%%et?g’acﬁﬁé%%% gssgfa{deﬁ%sg%fagjfapg%egﬁss %gbt(’l“tc?gwa BHLC cells

[ 0216] Exponeng$%.l30%, 3e M%hdsHeidys 53%,i60%] 4504 70°805BR0A, 8Re98%seeded in the

appropriate n : A N 106 cells/m
24 h prior to%ﬁjlggf(c:t?ér)%lﬁ%;r aplmﬁlh%%%ﬁg?%%%%%%‘%}%%w&%%Oel | Culture
Technol ogi es, o8t pressntiinvsafjongtpipdedtede nandigospiated. 10 % fetal cal f serum (FCS)
was used. S : J C WY 06 cells were
har vest edw%/y] cen}tl\?'lﬁ%‘ u%dgﬁg’té’%g F%fénn?éleﬁ@sﬁim% éﬂ% &gﬁéﬁ%&k‘fgﬁ%ﬁ pge‘%ii I’?%t ant was

di scar ded. Thélat*b‘?ﬂnﬁb%&ﬁ\s@@@MW&@OWD@%@dﬂqfﬂEPFWTWWOMdi um and were

transferred t Qavdileadech kBecth @GEERQPOr ati on cuvette (0,4 cm gap) already
cont ai ni n&y%] Rg circul ar,_ plasmd DNA and incubated for 5 min at room

t enper at u The dBI A% fMditianal) gphadisssh athe o iqysytiny Hurthen gr er U (Bi oRad)

with the f ol | piirAge@RARbhpdRIiSns c4Prising HRGRkVddibdendinédieda@rdiighees in a 30 sec
i nterval. Aftﬁ% th‘g?ffl eisr:]tro orati.on the ?’Ee?l&ﬁl wer e irrrredigt ly transferred
into a 125 f| BEk™EAaPhitifgPEs T THPntse o di Ben ERTRRPRESE 7 20% (W) FCS
[ 1.25 % (V/ Vporhpdki@nsaod the \pessent inmentibatonprisd a Bidfhaceulighilyiateepat3&CO2- at nospher e

i ncubat or. Formﬁr oduction of unnodified (nonglycoengi neered) anti bodi es,

the cells weré& transfected onl y with antibody expression vectors. For the

product i off1¥ t he Bieywesivgifirtberpeeridens inptbell Bsthe trbbmené b @nasme co- t r ansf ect ed
R e e L
respectively. pharmacentical compositions of the present invention to a patient in need thexeof.
[6131] The invention is further directed to a method for producing a polypeptide

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

culturing a host cell engineered to express at least one nuclejc acid encoding

GalT and at least one nucleic acid encoding Man II under conditions which

permit the production of 2 polypeptide selected from the group consisting of a

whole antibody molecule, an antihody fragment that included the Fec region of an

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

is sufficient to modify the oligosaccharides in the Fc region of the polypeptide.

produced by the host cell and wherein the polypeptide has increased Fe-mediated

cellular cytotoxicity as a result of the modification; and isolating the polypeptide

having increased Fc-mediated cellular cytotoxicity. In an additionally preferred

embodiment, the expression level of GalT produces an antibody molecule or

antibody fragment that includes the Fc region of an immunoglobin having

increased Fe-mediated cellular cytotoxicity.
{0132] The invention is further directed to a method for producing a polypeptide

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



Transfection of BEI C293-EBNA cell [0217)Exponentially grow ng HEl C293- EENA
cells were transfected by the cal ci um phosphate nethod. Cells were grown as
adherent nonol ayer cultures in T flasks using DVEM cul ture medi um

suppl emented with 10% FCS, and were transfected when they were between 50
and 80% confluent. For the transfection of a 175 flask, 8 mllion cells
were seeded 24 hours before transfection in 14 rril DVEl vl cul ture nmedi um
suppl emented with FCS (at 10% W fi ns% 2501. 4nil neonycin, and cells were

pl aced at 37C in an incubator w th -8-5% CO2 at nosphere overni ght. For each
T75 flask to be transfected, a solution of DNA, CaCl2 and -water was
prepared by mxing 47 Lig total plasm d vector DNA, 235 pi of a 1M Cad 2
sol uti on, andeuitdthgrachosael engineerad fo expiess\vad legstenofuctbiOacil encoldingt hi s sol uti on,

469 ill of EPES, 280 c, L1, 131304 | i H 7.05
was Iaddeg, ?néaggM‘f“%‘?E %P9 Vc%%ﬁﬁn?g?g%nwa “iogglg?’%g‘@ljl IOP ogﬁn P

t enper at ur e fmemi? e p@ductidhel apvbpeaitide etected fomlitlelgrang coasfstingléfani | of DMVEM

suppl emented with 2% FCS and added.to t 175 ,i ace of the existing
medi um The cv\é\fl'cﬁesan O%I%?ine%"aeb%tfa@ °§¥ %@A@“&%&“é‘%’&? %7 to 20 hours,
t hen nedi um wasaenegidbalig erhevein khe ERprevhion Refel/bf ¢be 06 He@Sf GRidror pfanfuct i on of
unnodi fied ( =g i r d I e | ransfected
onl'y wi th ant§ Bay SRR RE R PRIEY plf o B pBalRER, | [ 00

gl ycoengi neermolugssitbly Bodipst eell andehersid thepolypemide basincreansd Bemediptedi t h t wo

| ast ni ds, cv@idlic BB A ¥ A &l on GnTEl pol
pl ast ni ds, ongufiar. Bk Mxregaﬁpcrff&;@f@rﬂ,@gws m{ﬁgﬁf R@%@%@SO” polyp

eptide expression, at aratio O espective _
post - t r ansf echaviggncsepdiqygediaied oplidar prptodeitve n a reeferradiepbedigentor 5 nmin at 1200

rpm [ ol | owedndibofe BHRCANMANES Brpristt GfikdsOdhe hi¥ieid RidEhébadly Gh9 rpm and kept at
4C. +83- Ceneratiogn of a stabl'e mammalian cell |ine expressing a
reconbi nant aWeFeBECEh I 4% gypreserd 118 1ampraqupl suffiqiqatie mogdy Yheper e t r-ansf ect ed

by el ect r opor gigbsarchiidedin Bs Firep o o (B3R lypiphiiR6ic%pihe 56t landect or ,  whi ch

Cl ones. wer e TG BEPERTBHG o FFAeh [ REUAe) FIBFL RS KNS = fad chr omosona | y
i nt egrgﬂr) at ed themﬂlET?k&ﬁbﬂiﬂtmbhOPrem%ly, B erRessior legel lolf ot ﬁmﬁceedsrfad for )

reconbi nant apt.i r tion .usi n ELL SA assa Brj y, 24 hours
post el ectrop@%&%ﬁ%gﬁggﬁb&%{é@%%ﬂ EBERP Saé%ﬂg‘%'ﬁéndf‘ga‘fnsfection

ef ficiency wasgidetkhepoigetptide. Eyemmbregprdftrshly, ebcgryiortionl df disedteda paral | el ,
control electr Wely i, t YE L.eSSsi V. or.. Cells were
diluted in | nc\’/h%?ﬁ:@%%]lgc ﬁ%%ﬁ%g?%ﬁggﬁ{;g@%%gl lgi;ﬁo);rahi lifltd 1 nmem of
neonyci n. Usuledst apowi2i3s, 495508, 6507078 80, 8196 odepereaht. iire y.fifeer ent
concentratio - Vi C : .2102 and 1 x 102
cells per mrﬁf&gﬁéoﬁﬁ%g%%ﬂggﬁg{h ﬁ?#ﬁgﬁ%ﬁé@@%ﬁfﬁh‘ﬁ‘é‘% dentified. Once
the cl ones hai thaTsiasienis af legss ebogbh netrsnit n g peefamad apbedimat shaner e anal ysed by

El SA for a“tiﬂ%@ﬁéd@ﬁ@@ﬂé@&aﬁ&@m%ﬁén&%?Lﬂd.‘ﬁef&%ﬂﬂ@ﬁe%@h%ﬂ%@anded first to
well plates

24-wel | and subsequently to 6-we , and then to T25 flasks. After
five days of ¥ peil. ayeast eqllanyinsect pqllor ¢ plapg pell BysumepasPrefemallys was det er ni ned
using an ELI Sfe Bsssa)l is dJ34n0gl hi s el ectroporation and sel ection procedure a

C2B8 anti - 0 anti body-expressing BBK cell c¢lone (BBK-1502-28) w isolated
that prod 13 h@‘?"ﬂﬁ B%’Fct’a P’E?g"t‘j‘ﬁlmﬁ 7 "T%@cﬁ‘g&/é “beHP??f e conditions.
Gener at i on of pradwing b pelypeptidedh a hast @#t) dombtisheg: expr essi ng a reconbi nant
anti-CD20 anti body and a H-f usi on [.02191T I -..1502- 28,
constitutively exér e“{shgf“ﬁ‘é%;rll-%ﬁl eerr%r%%%’f]p{) %ﬁqgﬁtc’%gg?&;ﬂec’ndes and the
neomyci n r esi stedings pglypeptidetasing pdeaficitise { avtivithdbreoptioRIEI8h expr essi on
vector by ele radtdd T@H}? . ol Phshd b4t 1 ve expression
of the Maril |§@§F’%Pg°t§'r‘lé§g%§§a %%ﬁ%%g%ggﬁg{n%ﬁeoé%uﬁan ( 5, the later

3RES- dependenvhgle axippdismelgoulerian agithotyn fragnend 386wt fsiens ptebuthatry ci n-r esi st ance

gene expr essi Qp,&RsReloh SpuivaldhiAMERd e fiss 8 {BMunSHIHRRS whgEiSsald TSt sel ected to
obtain a set of clones that had chronosonmally integrated the pETR1537

vect or DNA. Cpaitpeptidgchaing fennesidesh Hoactigity duppEeed R pe®qush of - 84-
truncated CD4 (tCD4), which serves as a marker for expression |level of the
bicistronic Manll. -GnTlI14-tCD4 gene expression unit. Reconbi nant anti body
production of the selected clones was verified using an ELLSA assay.

[ 0220] Briefly, pETR1537 vector DNA was |inearized with )(m A control
transfection with a EYFP expression vector was perfornmed in parallel.
Transfection efficiency was determ ned after 24 hours by counting cells
expressing EYFP over total cells. 58%of all cells were expressing EYFP.
Cell viability was of 91% One day after transfection, cells transfected
wi th pETR1537 or pEYFP were serially diluted at 1:100, 1:500, 1:1000 and
1: 5000 dilutions and seeded in 96-well|l plates, in a final volune of 0.2nl

A NN 7 ~ o~



CD4 (tCD4) expression and anti body expression. [0221] For the screening of
t CD4 expression | evel, approximtely 500,000 cells were washed wi th PACS
buffer and incubated with 5 j.d. of FITC anti-hunman CD4 (Becton Di cki nson,
Switzerland) for 20 min on ice. After two washes cells were resuspended in
0.5 mM FACS buffer and analyzed with a FACS (Figure 17A-B). A clone with a
good expression level of tCD4 was isolated (BHK-1502-28-11). After 5 days
of growth in aT25 flask, it produced about anti-CD20 anti body at a fi nal
titer of 17 itginti, as determ ned b$0-ELBA. 4. Production and purification
of unnodi fied and gl ycoengi neered antibodi es Harvesting of culture medium
102221In the case of BliEt. cells transfected with an anti body expression
vector or co- tséfisishicte tmedifinthe loligesaceharidds dulthe Ex pagion of enid payreplidepl us a
GnTI 11 -fusion | 0, the cul ture supernatant was harvested
after culturi E@E@F?gg&s{%egt% cells for 96 h post fransfection.
Dependi ng on the ekpéwisbes pidpdupptideproduceddy esidhoskteBet r opor ati ons (10- 15)
were done t he 8RB esH BNA cells
transf ect eddgﬂnth an anﬁlﬁpgq%gé%g%%gﬁm%gggg’gﬁg?g Féacﬁl@?gct ed with an
expressi on vec@b‘POdﬁFu@‘"a@@ﬂ@eﬂ eﬂe@@-ﬁlﬁmﬁ @mf‘e)op?reeeei Bhregeieror, the culture

medi um was repdlmegdasbyre&ﬂtemme%ohﬂfe@oﬂgogacbﬂmm Q% BRkek Yisdl@ hour s
post-transfection and the | ater nmediumwas then harvested after culturing

t he hansf ect ed2r@ieptic qogpositions tp treat fisordeys, pytiedarly @8] For the stabl e

BBK- 1502-28-11 cell line, a culture was seeded at 500, 000 cells/nml and
supernatant h ted after 4da u revx/n the_cell .density was 1.7
x 106 vi abl e é&ﬁ ﬁ.ﬁf‘%"”ﬁ@n ‘:Y‘?‘gp ﬁ @%mgslﬁ?}bb%dy purification
ycosylatmn Desu-
{0135] The present invention provides methods for the generation and use ofhost

cell systems for the production of glycoforms of antibodies, antibody fragments
containing the Fc region, and fusion proteins which a region equivaleﬁt tothe Fc
region, having increased Fc receptor binding affiity, preferably Fe activating
receptors, and/or having increased effector functions, including antibody-
dependent cellular cytotoxicity. Identification of target epitopes and generation
of anti:t)odies having potential therapeutic value, for which modification of the
glycosylation pattern is desired, and isolation of their respective coding nucleic
acid sequence is within the scope of the invention.

[0136] Various procedures known in the art may be used for the production of
antibodies to target epitopes of interest. Such antibodies include but are not

| limited to polyclonal, monoclonal, chimetic, humanized, fully-hurean, single
chain, Fab fragments and fragments produced by an ScFv, Fab, VH, [gG
expression library. Such anfibodies may be usefnl, 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 immmunized by
injection with the target protein of interest including, but not limited to, rabbits,
mice, Iats, etc. Polyclonal antibodies may be raised m 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



10225] Monocl onal anti body was purified fromcul ture supernatant using two
sequential chromatographic steps. The first step consisted of Protein A
chromat ography using a pH-gradient elution that effectively separates
bovi ne and human 1gGs. This was foll owed by a cation exchange

chromat ographi c step to -exchange the sanple buffer to phosphate buffered
saline (PBS). 5.digosaccharide Analysis 1022610 i gosacchari des were
enzymatically released fromthe anti bodi es by PNGaseF di gestion, with the
anti bodi es being either inmmobilized-54n a PVDF nmenbrane or in solution.
[02271The resulting digest solution containing the rel eased

ol i gosacchari des either prepared directly for MALDI / TOE-MS anal ysis or was
further di gest@elwnw; ﬂfmelﬁlirigdmlthfgﬁoyt@p@ied,dwdingibmnﬁbmk@dmlfseup:l‘separ ation for

%lr_ﬂ[))lr /a-rll-(?: | %Eﬁaﬂ) ant |ug)gegl es brglgéﬁg?ﬁch% ﬁ@%ﬁw}g}%f s VDEI ate nade

with a PVDF (ﬁmmbstmemch\ms Yriofeoithin, pBami‘qnoufolsJ\mgmomB@hdm menbr ane wer e

wetted with 1 F%ER'%FE ar h the PVDF
menbr ane usi nga%\o/acuum appli ed gd% ngﬂpﬁﬁﬁ%gﬂﬁ%n acuurﬁqrra%l{?f ol d
(MIlipore, Bw%ﬂ&mm%mtswhmﬁ&W%mmmde washed t hree

times with 30, ;Ejj,,gbaggm\gpﬁg,rvahgnmﬂslagew &8 aingtSfie AAshed with 50 iii
RCM buf fer (8M Urea, 360mM Tris 2mM EDTA, pH . Between 30-40 jig
anti body was B ETic OB ugRls) °fémeﬁ?mmi?@1% Rdops)alfffsa?fﬂlel'he liquid in

the well was giog#or ﬂF‘zﬂé" (ﬁh&bﬁ%”@?ﬁﬁ@@ r&).(ecﬁ{’d?})}’w’nﬂﬂ3 \@kEdTbf and the
menbrane was subsequent washed, twice with 50 pi RCM buffer. The reduction

of disul fide BFFMGea™ EWWWW%&W‘?%‘HWY ghmudpley 1M

di '([jhlft hr ei t Okitek. nomﬁm%tamugaﬁlm@&ea&om%a@nﬁqrs t&r}ho t{rl]euﬂ-%&]afl ol | lovm ng f
reducti on, vacuu ed.t noye t ithiothreitol solution from
the well . The%@f@p%'a%‘) \R&%ﬁ?ﬁ“l%f’“@g %W‘gﬂ‘t@w 1eqiaRat er bef or e
perform ng fthmutharebnesyrﬂetrdnytbau idoys lodér thermm@tsﬁreibhe amemedamﬂnby addi tion of
SO p! 0. 1M1 Ogs%%gtgtf OF. a.n%%och £iter. R%an s'?e% | rﬁ?lﬁ?aﬁt Onla%}msr oom tenperature

in the dark for
Preferably, the animal is boosted with the conjugate of the same antigen, but

conjugated to different protein and/or through 2 different cross-linking reagent.
Conjugates can also be made in recombinant cell culture as protein fusions.
[0138] Monoclonal antibodies fo 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.A. 80:2026-30 (1983 ) and the
EBV-hybridoma technique (Cole et al., Monoclonal Antibodies and Cancer
Therapy 77-96 (AlanR. Liss, Inc., 1985)). In addition, techniques developed for
the production of "chimeric antibodies” (Morrison et al., Proc. Nati. Acad. Sci.
U.5.4. 81:6851-55 (1984); Neuberger et al., Nature 312:604-08 (1984) ; Takeda
et al., Nature 314:452-54 (1985) by splicing the genes from 2 mouse antibody
molecule of appropriate antigen specificity together with genes from 2 human
antibody molecule of appropriate biological activity can be used. These
techniques can be used to produce chimeric antibodies comprised of an antibody
molecute of other mammals as well. Alternatively, techniques described for the
production of single chain antibodies (U.S. Patent No. 4,946,778) can be adapted



[ 0230] After carboxynethylation, the wells were drawn with vacuum and
subsequent|ly washed three tines with 300 id water. The PVDF nenbrane was
t hen bl ocked, to prevent adsorption ofthe endogl ycosi dase, by incubating
100 p.1 of a 1% aqueous solution of polyvinylpyrrolidone 360 at nom
tenperature for 1 hour. The bl ocking reagent was then renoved by gentle
vacuum fol | owed by three washes with 300 p.1 water. [0231] N-1i nked
ol i gosacchari des were rel eased by addition of 2.5 mJ peptide- N glycosydase
F (reconbi nat N-d ycanase, GQYKO Novato, CA) and 0.1 nU Sialidase (G.YKO
Novat o, CA), to renove any potential charged nonosaccharide residues, in a
final volunme of 25 pl in 20mM NaHCO3, pH7.0). Digestion was performed for 3
hours at 37CtOPGEdu&Qﬁ@EMduﬁ%dfe@h@ﬁfged&EMQ&lﬁcﬁf mm@&wn% in solution |
[ 0232] Bet wee “gﬁ?% nt | b wer e n?éqxed W t h mJ of PNGaseF
(dyko, U.S. %H‘?" of hat, bpye, envﬁ]ﬁcﬂﬁ’émﬁ?md% mcroliters,
Snd the m Xfuﬁﬁggmmftﬂods@fmsl plR@dat Bivéition MTechrifes R gduadagy ycosi das]t? E ori d
igestion o el eas ol i,gosacc signment of hybrid :
bi sected ol i § E‘ﬁ 1;?%53?? ‘&IPW] ??W’ﬂﬁﬂﬁ$§fg% %E@kﬁif ol i gosaccharide
pi nks -87- Qﬁ&aaﬂaﬂtﬁeer@hﬁaﬁa%@pm&mhmmdﬁmmre subsequently
di geste j h End |da EC 3. 2. For t nd di gestion, 15 :
mJ of E&gﬁ% (ROCH@%L%&A%? a‘ﬁla)’ PRBRE R éﬁecgb]%déngt%tﬁs#&lg% d| gest (anti body ;
in solution pmtehnﬂuaéae}vm)yﬂecgegameiwk&mmiechnﬂjuemonéxaﬁﬁle,rmdr oliters, and the !
m X was incu ed f.o t,. i en the 1
N-acetyl gl uc%génm ne Jrhédgi Qﬁes o‘ﬁ %gtﬁ%lgt@ %gsr‘gﬁlo gﬁfﬂ- % nked .
ol i gosacehar Mé!pedﬁmmmwbomdﬁhmhboddmg@ule aridi tyoFabrfreementand nost hybrid
type gl ycansy, oVag1 t hydrolyzed. _
Sarer e prepar gitmfga?\ﬁf@%‘rn MAL éht: g/% %‘%@%l e%gﬁg% ?%gré%a%est S cont ai ni ng
t he rel eased %TW%@&C@I&&*HW@SHWW@Sm@w&ﬁ?‘?ddﬁuﬁefﬁsﬁmﬂ 3 h at room

after the add&d1205'-89{19?96@6i&wﬁﬁ%@ﬁ@ea@yiﬁéﬂﬁﬁéaﬁ@@@ﬁﬁéﬁo&l@ﬁﬂ?ﬁb of 150 mM and
wer e subsequently passed th of cation exchange resin (AGOW X8

resin, hydrofasmtsmh teegerirodep ﬁ@ﬁt°ﬁF@Fﬁbe°tSW°f’??Fq“and) packed into a

i cr o- bi @i4pi N choesd Qﬁb@%yaﬁ%awﬂagéﬁhﬂaadeenmmrﬁ@m&hto renove ‘
cations and glgel ns, mcroliter of the resul tin sanp(Le was applied to !

a stainless Fa“P‘éPg’E? glﬁ‘f"é}fl@c’né’ﬁW?éff“% therfad ’ﬂ$ 1 id of sDHB
mat ri x. sDHBs&énce ¥ idemtiFief) etiisilael Uy thelatqbsieligmawinig tefart?, 5-

di I'l'ydroxybei azoic acid plus 0.1 ng of 5-methoxysalicylic acid in 1 nl of
et hanol / 10 mM aqueous sodium chloride 1:1 (v/v). The sanples were air
dried, 0.2 i @& et mwﬁ%ﬁ%ﬁbw@fwww@ﬂﬁmtwméﬁﬂﬂqal ly allowed to
re-crystallize urfd¥osygtion Pattern

[0141] The present invention provides host cell expression systems for the

generation of proteins having modified glycosylation patterns. In particular, the

' present invention provides host cell systems for the generation of glycoforms of

proteins having an improved therapeutic value. Therefore, in one aspect, the

invention provides host cell expression systems selected or engineered to express,

e.g., a fusion polypeptide having B(1,4)-N-acetylglucosaminyliransferase I

(GnTLI) eetivity and comprising the Golgi localizetion domain of 2 heterologous

Golgi resident polypeptide. Specifically, such host cell expression systems may

be engineered to comprise a recombinant nucleic acid molecule encoding such

fusion polypeptide, operatively linked to a constitutive or regulated promoter
system. '

[0142] In one specific embodiment, the present invention provides a host cell that

has been engineered to express at least one nucleic acid encoding a fusion



MALDI / TOP- M5 [ 02351The MALDI - TOF nass spectroneter used to acquire the mass
spectra was a Voyager Elite (Perspective Biosystens). The instrunent was
operated in the linear configuration, with an accel eration of 20kV and 80
ns delay. External calibration using oligosaccharide standards was used for
mass assi gnnent of the ions. The spectra from 200 | aser shots were sumred
to obtain the final spectrum -88- 6. PBMC Preparation [02361Peri pheral

bl ood nmononucl ear cells (PBMC) were prepared using Hi stopaque-1077 (Sigm
D agnostics Inc., St. Louis, M)63178 USA) and follow ng essentially the
manuf acturers instructions. In briet53venous bl ood was taken with

heparini zed syringes fromvolunteers who were asked to run for 1 mnute at
full power in order to increase the percentage of natural killer cells (NK)
in the bl ood. plygeptilledmeing(s,43iNtacdtylgluchshimfirabsferas [H (Gr?ES actirity cont ai ni ng Ca

or andlaerdonH e-.1077. The centrifuged at 400 x
o tor 30 m n areropdbkfh BB somhior RGPt KRB o1 phase
cont ai ni ng t heokpiyidaramn mlaklmcttﬂﬂmnchenvaséi@ﬂcmdthzﬂPBﬁuc(l&eam per cells from

two gradi ents) har v centrifugatioen at .300 for 10 m nutes at
ARie B oo of B biob oA R R ha Rl b8 count ed - and

RT. After resuspensm
washed a secorid 4)+1\fm:ety§glu;eaah1mﬁtu@&ms@m(GhTM)@:tmtgmﬂmmpj:@mgﬁhmut es at RT. The

[ th th b t
Focedur eo. |7 Cig ERHERRANGHL br R ARG IR R B OL P T ed Fr om
PBMC appl Y04y a ne@alelaillb agplypedfictwradceblin gacbeysédrg 2 h@ggremnddo beads not
bi nding to Cch O%ﬁggeggﬂhéﬁ{ ﬁvg‘%‘né%%em M I tenyi Bi ot ec

(3mbH, 51429 Ber |sc d ad wer e was 3 once inice-cold
MACS buffer ( qelin PR sritgN30se s 240 ralls Y O lemw glls, B3X8 meysmded at 20 M | o

cel l's, per nil Qfiomabeilk, PR et PERICSIER 0@ Rfbrilthibaxely! bite mandaicubat ed for 10

mn at 4C. The cells were then pelleted and resupended iin 80 d per 10

mllion cells St ¥ehfheeds: B‘EF?‘E‘?II“{?&W%F‘?HFHS“%%W StPHRdFel Busip

Hapt en- ant i boGyneed it bﬁg&eaedhés@cdﬂh bf hORv&faibh. S(SWEMR, Tadded e slhe cells were
i ncubated for .10 mnutes %ﬁéﬁ“h é@?)eate SW rI|n of .the tube. After
4% (Qgtodey,

two washes wi tYFHMEE ¥ CIEEES Filgh q%é*hem ume, the
cell's were resutpesmad of whivi\eEShéreHyfiwbmeated 8y rfaged0% FCS at 10 million
|l1ion cells were

cells per il d .20 en. m cr obeads 0

added. Thgﬁgﬂbe wa eﬂ%"&t‘%&"qeﬁpﬁ%& HRRReS %YE%P\?\W ﬁosf gloléat ed swirling
of thel'(t)(l;be ! reasmgmﬁlsmpdiyméﬁdahm&@(lwm- ytmxeosaminbrm-ml ergsuspendeﬁsat
up to m o) ed onto a

MACS col um V\hllhc@n%ﬁé “%F*‘Q’eé“d. %omé’%%%\l hﬁ%%slr?géﬁﬁge q%lqgf? ibrated with 3
m MACS bufferhetﬁDMOl@é}Olmprvlﬂsh@hw@qﬁm@mnﬁ m I\/ACS buffer. The cells
in the fl hr oug used as NK
cell's. Puﬂy?él] as d&g%é;d;r %ﬁﬂaﬂﬂgﬁgsﬁdg% w&efgg?“gﬁgﬁg’u@%ﬁ%@ea#%s 95 % 8. ADCC

Assay N—acetylglucosammyltransferase I (GrTIIT) activity and comprising the Golgi

localization domain of a heterologous Golgi resident polypeptide may be
expressed under the control of a constitutive promoter or, alternately, aregulated
expression system. Suitable regulated expression systems include, but are not
limited to, a tetracycline-regulated expression system, an ecdysone-inducible
expression system, a lac-switch expression system, a glucocorticoid-inducible -
expression system, a temperature-inducible promoter system, and a
metallothionein metal-inducible expression system. If several different nucleic
acids encoding fusion polypeptides having B(1,4)-N-
acetylglucosaminyltransferase Il (GnTII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide are comprised
within the host cell system, some of themn may be expressed under the control of a

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




[ 0238] PBMC or NR as effector cells were prepared as described above. The
effector to target ratio was 25:1 and 10:1 for PBMC and NK cells,
respectively. The effector cells were prepared in AIMV nmedium at the
appropriate concentration in order to add 50 ul per well of round bottom 96
wel |l plates. Target cells for C2B8 anti bodi es were SKW5.4 or Nanmal wa B

| ynphona cells grown in DVEM containing 10% FCS. Target cells were washed
in PBS, counted and resuspended in Alavl-V at 0.3 mllion per m in order
to add 30' 000 cells in 100 id per gicrowell. Antibodies were diluted in
AlMYV, added in 5011.1 to the pre-plated target cells and all owed to bind
to the targets for 10 mnutes at RT. Then the effector cells were added and

|
the plate wamohdelbRl Rhut@bufksHER BtondiéedibbadiiBiebadins mOShper e |

containing 5% CO2. Killing of target cells was assesse by neasurenent of

| act at e dehyls¥dgbsighiefigivmpylynentide samression thatidaeh g davsed ig0iesihg t he

Cyt ot oxi Ci t yadoeke edP Bn 6L1E gfo%@?'?&e Dh@GRO DL | feRmiRR KifloutimdM t zer | and) .
After the 4-hour incubation the plates were centrlfu&yd at 800 x g. 100 pl

super nat ant FXPEFM@EHSN- \EEIPIFSS"RHLCV?W%%@FW&PYW*WW kp¥Parent flat bottom’

96 wel | pl atﬁthé'—ﬁ@d%iudﬁ?h%steﬁluh&tahﬁ}s@s BihpTag fantfvo Bfc idrttherer e added per |
wel |l . The Vnmi val ues.of_ the caolor reaction were determ.ned in an BLI SA i

reader at A49PPYRSPHIF BavingColilacivityer i apihpdy pgcilserangptideRe™sek t ware (Mol ecul ar

]Pew cesI | SUn@)&k@b@pep@&ﬂﬂﬁﬂ@@niﬁ&hﬂtﬁ%ﬁh?ﬂﬂ@ﬂéﬁﬂb@.ﬂsiﬁ@h@m was rrﬁaz ur ed i
rom wel | s cont ai,ni ng .o tar et a ector ce ut. .no anti bodi es.

Maxi mal rel e¥3 t%ﬁgpegg?%%ﬁ '&Hﬂ%@&ﬁ%ﬁi‘%ﬁ%@“ﬁﬁ‘ﬁt arget cells and |

1% Triton X- dz&&uclﬂexcmurﬁbag&cﬁﬁfcﬁpﬁmieidamdansrhmhpdpepﬁdadiﬁhedtm I 1ing was ;

cal cul at ed a3 p&lgﬂlée%\ge ha(q{nx GnTﬁg%éh(nl\@orme Jérqtodf%ea X.l s the nmean of

Vmaxl at a Spéci ant 1bod ncen thvhtg mean of Vmax of
t he spont anewmlﬁa@mwmbﬁdmchbadstobmmnthati(cmdunthef maxi mal rel ease.

0. Fo TR0 A biadhng SiLMibig bRl AR HEERILY, kiRl e Niyge! | o vere

centrifuged 5 mnutes (wt/vol) lactic
aci d sol ut i ome¢sugy the ringreqeed Fo @cmnmmg q;Hn@eaggd effpptor Aenghert i ng 3 x 105

cells/m -at M b gl L P RIERD Wl :
cel | -associ a?jgﬁ%@m%%l—g s ,ﬁm&éﬂn%ﬁlg? dl)v%% 2928 %96)) [ 0240] Cells

were washed Rgeding Pré’@ﬂﬁpflﬁe P’BS G’DTIE%C‘BS%( gy peonsed dp and

concentrati Oﬁ‘ltéﬁﬁﬁveadbﬂﬁléi‘cdaoﬁd)rngy%Jp%hfeﬁlllinfcéd’io(i rleﬁbrtE’IBg%ne :Quel5 BSA, 0.01%
sodi um azi de. X 10? éell wer e i pcubat ed h‘F’ Ové 03, 1, 3, 10 pernl
anti body var F’éﬂ’ﬁs%"”foe" n 8% Aesioncopqlpeniide o famng LAY two times and

ag; |t Eogg g:’] gddg@glmmg?lgmmde Gﬂmﬁﬁhw?ganmbzhpﬂsm%(lﬂe ?glgog gﬁca n

| | Yy i-

| munoReas eai ogHiza Eémgﬂ%‘mﬁﬁalag%fﬁstl eml?ﬁ&ﬁ%%&%‘%‘gﬁ%&% / 5 x 105
cells (BD Phhymaagma,asmc&mmﬁ@eﬁmbssmﬂlmlmﬁme&pm‘g&w (Shields R et
al. .1 Blot orescence
intensity re@&%} Z&%‘l%%oung?ogéﬁl B%%g‘gég%&f%g‘t%@é&mﬁnagtb%r m ned for
CD56: 1- cel | &wsion mlwm iabtinglg BBNS owlecapicilelr Sepective sodiggy) . 10.

FcgammaR! | b i 9&&&%9&15@&&%&%9%&1%&&1&&&%&1 ReRbs)Biged | human | ynphora
cells were vvashe 200mn at 37 ( Econcentratlono Mo cells/m).

Cel l's were tR@nn @Jﬂ@béﬁ%ﬁéﬂ&%tw@nﬂ i o FeRortey ASNeiRaYPES, 0. 1% BSA,

8 21%0N2N31 &M]a%gﬁgbiharﬂﬁﬂ&%a&?ﬁ?%%a&&&@odm@&‘ﬁ:ﬁ&{bfg é;:ilu@@dy diluti 038 (0,
unno gl ycoengi neere

monoc! onal am“%ﬁfl é‘%?@gﬁ‘ﬂ?féﬂmylga’fsfféas‘mﬁ% ﬂ% ﬁ% bated at 4C for

30 min (finakommising MR0GAE MbsatizdtionN ddmdth lof b dBteBRIgh®/ Gdlm reﬁ(ﬁdner two washes,

1: 200 of flugresce h| ocya 0 ant i human IgG

(Jackson | m’rﬁ‘ﬁl dseéﬂéﬁlh%% g‘% %"%eyté& %gﬁgegdg@f"%%c%ﬁe cells and

i ncubat ed at edk@difpthe BBionpolypepfides nf the eregmisinyentied mgymmn'@Qnspended_ in 0.5

m PBS, 0. 195, Re AictieNANB BN BEudi Y RLRIEROGSE] RERBSIdY referring to

t he

nucleic acid encoding the fusion polypeptide and the reporter gene are
transcriibed into an RNA molecule which is alternatively spliced into two



-91- bound antibody variants was determ ned on a FACSCal i bur (BD

Bi osci ence, San Jose, CA) for living cells. 11. Conpl enent dependent
cytotoxicity assay [0243] Target cells were counted, washed w th PBS,
resuspended in AIMV (Invitrogen) at 1 mllion cells per nil. 50 pl cells
were plated per well in a flat bottom 96 well plate. Antibody dilutions
were prepared in AIMV and added in 50 p3 to the cells. Antibodies were
allowed to bind to the cells for 10 mnutes at roomtenperature. Hunan
serum conpl enent (Quidel) was freshky thawed, diluted 3-fold with AIMV and
added in 50 pi to the wells. Rabbit conpl ement (Cedarl ane Laboratories) was
prepared as descri bed by the manufacturer, diluted 3-fold with AIMV and
added in 50 pepdrile InBRentB! RIGA (ARNA) GOIBIIS! one 6OEPIe mRQNE €S were heat ed
for 30 mn at %60 before addition to the as_say.lwé‘io 44] The assay pl ates
wer e i ncubat eEF@Rd Difp the reporter piRjeln, plthe ptherds frpslgled indothg fidioRed by neasuri ng
L:Z)I | rel ease.po@bgﬁlﬁgyi Ithe pl at es }Nere gentri fuged at 3?? xI g for E’;} m n. I 50
pl supernatant per.we were transferred to a,new 96 wel | plate and 50 p
of the a@é@l r eaguiieverd giFERaLse geidsaneqding afifonPRIBFESe 1YiNg added. A

ki netic measus(eaERcetylflivotdtinylthehrase TR AT A vRY iHdRedprshig thymax

correspondi ng Vi/i.th hDH Cﬁ‘?cent{]ahi on in té] .Su ernag'?nt_. Maxi mal rel ease
was det er mi nedP By oTafiriph Arap pha hetapiogous C’&‘é? At PolyPePtds 5 ti on X- 1 00.
Resul ts and Dixpesssd iten mhPRAbhidey toecQidydar By yermbopibel fbnddt ant i - CD20
chimeric 1gGl anti B8 chineric anti body., .al kn as rituxi mab)
wer e producefﬁ?%@ﬁ&éﬁ%ﬁ%@ﬁ?h ﬁgﬁﬁﬁ%g‘%ﬁ“ﬁéﬁ%ﬁgﬁnﬁgﬁ% with vectors

f or expr essi aheinkspastive buithg sgmaess maythelinkdd eifiee byansnttwsal ribkgoiressi on of genes
encodi ng vari ; o@)@g ' W -aCL{ Vi dified

(non-qgl ycoengf%n grpee \;g{r%l %ﬁaﬁﬁe{)ﬁgggg%ﬁgﬁ\%%a%x%@?pﬁ uced by

transf ecti ng mhbrairansoibedefron asingly pdmdiertite ay BMAomolpate wikich Isody gene
expression. T, } Gﬂ'\lﬁ at least three
days and the ﬁ?&%@%ﬁﬁgig%ﬁbeﬁ%%p%ﬁ%o | eﬂsl%\er e %{Jl??l%c?féegf fromthe

cul ture nedi umhigyhamepcathiranslaigdintetheigregieptiypencedsd Ssleprolmeptidessi on of genes
-92- encqglisfg POl YD bhtdRinhis, iheBrdbdt invafibd prividés s eNQpreli@e any _
significant effect on cell viability, cell ‘growh or _antibody production,
relative to c¥Ffaesfdhe sraeicarhberagetc apdrdisreripgiageasedds eI purifi ed

anti bodi es wetigdiig@nig pkticandy bioding ldcHic actBliipasithtals] M ubadatar ns. These

anti bodi es carg | i.nked, qli ccharjdes attached onl 0 Asn297 residue
of the human ¥ ﬂéﬁ‘t‘?’é&c@g‘:ﬂg%ﬁé"%ﬂ% @@H@F?%@%r @%ﬁi‘%m&ti cally
renmoved from tehdstvallbxpeesdion shiNpadiete béingagihdered aalid seted Stpregquent | y anal yzed
by MALDVTOR-MS.. Using thi.s techni ossjble t et.erm ne the

e, 11..0.S
fraction of dFFSr EKF BREEEE e tg’g?&éﬁs‘%‘&ﬁ REPE R ?Iﬁggefegt al, original
Fc- ol i gosacc hgydoftenp bpiedimd,iatomg with dt lesst b raiklsio apid smdoliing atfigsianssi gn st ruct ures

to different KSiak QLR ot Tm#@ e Bi ot echnol .
17:176- 180( 18%%5?“ ?J‘l?ﬁgﬁr e@fius O\A/syl%r%esfe%é% r(g? ol g%i acchati de
MALDVTOF- M5 prdfcphprising the Golgt localization domain of a heterologous Golgi resident

polypeptide. In one embodiment, the host cell system is transfected with at least

one mucleic acid encoding such fusion polypeptide. Typically, the transfected
cells are selected to identify and isolate clones that stably express the fusion
polypeptide of the invention,

[0148] Any type of cultured cell line can be used as background to engineer the
host cell lines of the present invention. In a preferred embodiment, CHO cells,
BHK cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma
cells, PER cells, PER.C6 cells or hybridoma cells, other mammalian cells, yeast
cells, insect cells, or plant cells may be used. Typically, such cell lines are
engineered to further comprise at least one transfected nucleic acid encoding a



fromthe reconbi nant C2B8 anti TCD20 chimeric I1gGl anti body produced in BHK
cells. These cells were transfected with anti body expressi on vector
pETR1502. Figures 2 to 4 show the corresponding profiles for the sane

anti body produced by MX cells engi neered with nucleic acids encoding

pol ypeptides with Cui TEIl activity. The profile in Figure 2 results from
the use of a nucleic acid encoding wild-type G1TDI expressed from vector
pPETR1166. The pnfile in Figure 3 results fromthe use of a nucleic acid
encodi ng a fusion polypeptide conprisging at the N-term nus the |ocalization
domain of Cmll fused to the C-termnal catalytic domain of G1aT111. This
fusion gene was expressed fromvector pETR1425. The profile in Figure 4

results from tvtnstemo@tmeeMCM%&yﬁmﬁ%mmgmeWsem omt ypept i de
conprising at,the N-tenninus.the lLocalization domain

a- Nannosi dasetwmtqvalﬁwnf%étflqn@rq%mﬁ%t%dmreglerbwat"ﬂeftstof&fﬁfn This fusion
gene was expr epoRef iieiueploblin, mﬁiﬁ&%aﬁhm{ﬂ%&ﬁ}oﬁhﬁmuwnﬁe;wd anti body has
a typical oli osg‘i harldegﬁflle g&f é‘ﬁ'ﬁ’%q'}’p z ratios of
1485, 1648 andorired GOBFPHgs PR ol bcnﬁ'tat %t%g% ®fucosyl at ed,
conpl ex ol : go$ﬁﬂﬁdﬂfﬂhbﬁﬁ&hf¥&ﬁ'1§& Hatwedm %(Bﬁdé@%pg/gﬁha@@ .ds @n ramuﬁuels hari
respectively m. | a r.of.i | es e oun n..ol i gosacchari des
of non-engi neéf ?ﬂhql %PHP?IB?)?TP eﬁ?%ﬁ’tﬁ‘@éﬂ"f"ﬂ‘ %WE dygflg{‘fb‘?r‘ﬁ manmal i an,

i ndustrial celsbedldsrvackgsiuad celbliftd£0 genetatenihes engingatdhast cellslof the i fely, -93-
MR et al., d XCﬂObI ol ogy 5:813-822 (1995)). Engineering of the antibody

pr oduci ng cel g Iby expression ofwild-type Cmllll leads mainly to bisected,
coref ucosiMéfled, donpd enbodinment bemaieic asidsgnreéwgﬂwaran@eéy,(ﬂﬂlbgdy 2), with peaks

at nfz ratios 4 terparts of the
non- bi sect ed, ﬁ?%%osyl at edéléjl ?Jgg’sac&ﬁcl g}g%seﬁﬁk &ﬁg%ﬁ) g unnodi fi ed
anti body. Englﬂrffefé?na#gt@#fﬁtt‘ﬁentaﬁtelhb%dﬁﬂsm@@hﬁ@ﬂ%@s‘ﬂﬁmﬂaﬂ?s@ﬂbreSS| on of a

hucleic acid ‘%1%&9hﬂﬂo@pﬁﬂéﬁv@'@ele@t&ﬁﬁ@&m@@d}f&eﬂkhscii@tedém{%é e the GrTHI
catalytic donmain is |localized Vvia gi localization domain, also

| eads mainly %WE%WW@YWOWMﬂW@W%%@W%S (note peaks
at in/z 1689 38dord@athining nidl@e actik enchBNE R ExambR] @) 4 MBod fR1yp&tiawd | d- t ype

GnTlIl, use of Ghl T-OnTDI, fusion |eads to ncrease in.bisected,
non- fucosyl at éfﬂ'%at’ﬁtﬁ I-Hraeqtylgl uycﬂwthmgsgw tq!ii@% Bﬂ% proportions of
peaks with raifisifpollPéphide 4tk beta 18- 2Mactsaltrddfethse (cattatatﬂ»aytoe (d)tne total,

el e 0 P Bhie nUE SRS CSECHRA ARLRRRY 5L e

ol i gosacchari @elywb@tmﬁt&ﬂmmhmednﬂﬂﬂmmmemﬂmﬂﬁtﬁdty ocatal ytic domain
and (i) the e f t |+ a- mnnosi dase
1 (Manl|) angg?’l Il ﬁgﬁ?f’%&‘%iﬁ@aﬁ g%in %ﬂ%%z};a[’c%%ﬁarl e 1S nodified with
a bisecting GaetNﬁE Cloute dlones are ghedreleotad dsatepoddor sieblaepiessionoffhese t hree ot her
enzymes can n t C 4 00S rides.

y gsgs*.{co&tgt defes smadi tévxls ﬂﬁaétyt 6 Chi ektcag gg@h@

Ther ef ore bl oc action Mann ion ting G cNAc al so
effectively bIPB@R@V@mTlan ewthqeeblamm@et@‘ @e\wePeigTifERn i n t he

N-1inked ol i gQBRES i&%s‘féi‘ﬁeEén@ﬁ&@iﬂréﬁ&dl@ve&%hﬁ?)&m&ﬁhﬁﬁ’tﬁﬁ'o@ﬁxe?& mz 1664 and
1826 are nonfucosylated wher eas eaks in/z 1810 and 1973 are

fucosyl at ed. EFRFHELOgson paten, dnuiieg; @nm“\?\ﬁFé‘ﬁﬂt‘,’afFF"Eﬁ“s?fi B¥ui sh bet ween
hybrid and COEﬁio@&atﬂ]d&@@ﬁ@ﬁﬁd&d’ﬁd@&m{yﬁ:bgltheﬁﬁiecteﬂ\@snﬁﬁﬁébtddand:OnfI rmthat the
increase int aks i ue to a eas n the proportion

of Fe- at t ached TRBAREE =B ol GmEIE MVRR e Bich dcpwgein yak s

ol i gosacchar i daseafesie&c tredptnpindihg) Datidilalyca itorcastin FOFEyRBI binlieg GhTEL
activity-encodj ] Gl e
ant i body- produ%%q%‘gﬁq%&%%%g%?&gg%%ﬁﬁ a nuc g‘?"@‘ %gllu%ﬂnd(?:odl ng a
Manl | - GhTM f ugiebtimjiel $opEpddperalert SEIBI@xdcdty, Seltvtiere anchecr@pimDl cat al ytic

domain is loc 86 Y iR &bﬁ@b&/ﬁ@” CGol gi localization domain, leads mainly to
bi sect ed, nonq#%ﬂﬁ)cos | at ed bi sected, hybrid sfructures (note peaks at

-94- adz 19869 18101nq@%mmmmwmwmmwwéem@dmmat| ve to the
wild-type GnTiglkeanfk btibbdyCexpiildionCitols fddSib@idn rERe! el and 13), the
Manl | GhTUT fu5|on was nore efficient in the synthesis of Pc-attached

bi sected, nonfucosyl ated and bi sected, hybrid oligosa.ccharides (conpare
the proportions of peaks with niz of 1664 and 1810 relative to the total
between Figs. 2, 3 and 4). The proportions of the bisected, non-fucosyl ated
Fc-ol i gosacchaxides resulting fromthe expression of the nucleic acids
encoding wild-type OnTITlI, the GiTI GhT11ll fusion and the Manll-OnTlI |
fusion were approximately 4, 13, and 33% respectively. No bisected

ol i gosaccharides were detected in the unnodified (non-engineered) antibody.
[0250]Increa5|ng the expre55|on of the NhnE—GhTDI fu5|on construct |n t he

M o . - Y




di fferent oligosaccharide peaks observed in the MALD profiles. The
MALDI / TOF- M5 neutral oligosaccharide profiles of PNGaseF- and of -95-
PNGaseF+Endol | - di gested gl ycans derived froman anti-CD20 chinmeric |1gGlL
anti body, produced by 8EK293 cells gl ycoengi neered by G1rT131( M2)
overexpression, are shown in Figure 7.The peak at ro/z 1664 can be assigned
to two different glycans, nanely non-fucosyl ated hybri d-bi sected or

nonf ucosyl at ed conpl ex, non-bi sected. The different structures show the
sane mz ratio due to the sane nonogacchari de conposition (Figure 8B).
10252) The di gestion of the PNGaseF-rel eased gl ycans with Endogl ycosi dase H
generates new structures, with the major peak being shifted fromink. 1664
to 1460 (Fi gumediﬂ'&k glyttesludisfd e empessianrestas nmﬁsticmdstdv&seﬂases, of a G cNAc

resi due. |o d abo anpot cl eave the co ex type

ol i gosaccharl er'ét ore, E sg#ﬁ‘?o?“‘%ea g a?¥°°87°telﬁ%‘8§?yén§n be assigned to
t he non- fucosglMavtsjéuhnlsn‘yﬂam aipissipaceads tydtberakittethe Ertilody expessiadase H di gesti on.
10253] O her p h i-an d bi sected

gl ycans. At rg?%tz%lgﬁ%(;t'h%%&eﬂgq%ﬁ%%% |mge érﬁg%%f%%%mg%e%}%gégpear ed so the
struct ures cafor sqmesiagieexpression leeclf af thogpesybrdusteydse gededdiyserefed type. The

subtraction o &kﬁ%j f 6 fucosyl ated,
reduci ng- end %&Eﬁc resi ug{}ﬁ{@gﬁ i rom%1 gmv?nhéz}&fg%&fe generates a
structure of nreplicelegef suchiclopgsiwith aql!bgfb' expiiessiop esiareane @Bléﬁpplymgsﬂlepeak by EndoH
di gestion (G gNagn %ﬁ%&']k‘@es&i‘ﬂe@hﬂﬁéfﬁ%wﬁ%?d&tB?ﬂeﬁﬂP@@r[e@ﬂﬁ!?stéﬂfe a peak at raiz

1298, denonstrate that.the 1502 peak can be asmgned to_a non-fucosyl ated

hybrid bi sect 8@sereleveliof fhe, siyposyltransfrest) igensh 9k levelh At dd i peak after

EndoH di gestlﬂamﬁ@ﬁaﬂsﬁtbape&groﬂaglycésblaﬁo @m iafid B dUSR&Yd AlRd hybrid

bi sect ed structure éhe r $ﬂ 5&1@1 d qQne fucobse resi due
generates a sTFBELPT ”f?@§rs ding, affipity, o raﬁllﬁcr?f’éez “a nonfucosyl at ed
hybri d bi sect&deptoymmaMSe%c@esﬁﬁehohy, ontiaidg ‘FIJﬁe;ﬁn@ﬁﬂecrenﬁlad a structure
with mz 1622, . The .peak at rrilz 1053 after EndoH di gestion can be assigned
to the high r?’?ﬁ?% % type (1257 raiz), digested by EndoH The peak at mz
1689 (conelsk bi sdotedithwasmhalimait,f thet stibdly-cheodnk | gedesgest itten, - as expect ed.

I n synthesis, (! I;lttg t.al | l.ude t hat 88% of
the oli gosaccﬁ%&%@'e S c% ur %%h%g%}?csedé I sec?ﬂ%ﬂ gu %& % ’% of which are
nonf ucosyl at eéithoyip i isitigly experssievestor ardn sgpasdte ve2Re% f ucosyl at ed hybri d bi sect ed
and 6% f ygpsy! at egb@gﬁgl Resd! SEGHAM: 8lid BOBLENB fferd bhddalsy €5 - 96- Tabl e

1. di gosacc arl d ssignnents ral z Poss e strucCtures
fusion polypeptl e having P(1,4)-N-acetylglucosaminyltransferase 11 (Gn'TIIT)

activity or, alternatively, B(1,4)-galactosyltransferase activity, and comprising

the Golgi localization domain of a heterologous Golgi resident polypeptide or,
alternatively, it encodes a polypeptide with Golgi «-mannosidase II activity.
[0153] One or several nucleic acids encoding a fusion polypeptide of the
invention may be expressed under the control of a constitutive promoter, or
alternately, areguleted expression system, Suitableregulated expression systems
include, but are not limited to, a tetracycline-regulated expression systere, 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-
acetylglicosaminyltransferase Il {(GoTHI) 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 confrol ofa
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constitutive promoter, while others are expressed under the control of a regulated

promoter. The maximal expression level is considered to be the highest possible

level of stable 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 Westem blot analysis nsing e.g., an antibody specific for the

polypeptide having GnTII activity or an antibody specific for a peptide tag fused

to the polypeptide baving GnTIil activity, Northern blot analysis using anucleic

acid probe specific for e g., the gene encoding the polypeptide having GnTTI
) acttvity or a nucleic acid probe specific for a nucleic acid encoding a peptide tag
fused to the polypeptide having GnTIII activity, or measurement of GnTIIX
enzymatic activity. Altematively, a lectin may be employed which binds to
biosynthetic products of GnTII, for example, E5-PHA lectin, Alternatively, a
functional assay wﬁjch measures the increased Fe receptor binding or increased
effector function mediated by antibodies produced by the cells engineered with
the nucleic acid encoding a polypeptide with GaTIII activity may be used. In a
further alternative, the nucleic acid may be operatively linked to a reporter gene;
the expression levels of the fusion polypeptide of the invention are determined by
measuring a signal correlated with the expression level of the reporter gene. The
reporter gene may be transcribed together with the nucleic acid(s) encoding said
glycoprotein-modifying glycosyl transferase as a single mRNA molecule; their
respective coding sequences may be linked either by an internal ribosome entry
site (IRES) or by a cap-independent translation enhancer (CITE). The reporter
gene may be translated together with at least one mucleic acid encoding a fusion
polypeptide having B(1,4)-N-acetylglucosaminyltransferase INT (GeTII) activity
and comprising the Golgi localization domain of a heterologous Golgi resident
polypeptide such that a single polypeptide chain is formed. The nucleic acid
encoding the fusion polypeptide may be operatively linked to the reporter gene
under the control of a single promoter, such that the nucleic acid encoding the
fusion polypeptide of the invention and the reporter gene are transcribed into an
RNA molecule which is alternatively spliced into two separate messenger RINA
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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 having

f(1,4)-N-acetylglucosaminyltransferase II (GnTIII) activity and comprising the

Golgi localization 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 mMRINA molecules. Ifthey are transcribed as 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). They

) may be transcribed from a single promoter into an RNA molecule which is

alternatively spliced into several separate messenger RNA (mRNA) molecules,

which then are each translated into their respective encoded fusion polypeptides.

i. Expression Systems

[0155] Methods which are well known to those skilled in the art can be vsed to

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

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

acetylglucosaminyltransferase I (GnTIIT) activity and comprising the Golgi

localization domain of E-l heterologous Golgi resident polypeptide along with

appropriate transcriptional/trauslational control signals. These methods include

in vitro recombinant DNA techmiques, synthefic techniques and in vive

recombination/genetic recombination. See, for example, the techniques described

inManiatis et al., Molecular Cloning A Laboratory Manual, Cold Spring Harbor

Laboratory, N.Y. (1989) and Ausubel et af, Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience, N.Y (1989).

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

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

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

host cell systems transfected with recombinant plasmid DNA or cosmid DNA

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

the coding sequence of the fusion polypeptide. Most preferably, CHO cells,
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BHK cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma
cells, PER cells, PER.C6 cells or hybridoma cells, other mammalian cells, yeast
cells, insect cells, or plant cells 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. Bicen. 71(4):266-73
{2000-2001), in Wemer et al., Arzneimittelforschung/Drug Res. 48(8):870-80
(1998), in Andersen and Krummen, Crrr. Op. Biotechnol. 13:117-123 (2002),in
Chadd and Chamow, Curr, Op. Biotechnol. 12:188-194 (2001), and in Giddings,
Cuwrr. 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 mosai¢c virus, CaMV; tobacco mosaic virus, TMV) or
transformed with recombinant plasmid expression vectors (e.g., Ti plasmid)
containing the coding sequence of the protein of interest and the coding sequence
of the fusion polypeptide of the invention; or animal cell systems infected with
recombinant virus expression vectors {e. g., adenovirus, vaccinia virus) including
cell lines engineered to contain multiple copies of the DNA encoding the protein
of interest and the coding sequence of the fusion polypeptide of the invention
gither stably amplified (CHO/dhfr) or unstably amplified in double-minute
chromosomes (e.g., murine cell lines).

For the methods of this invention, stable expression is generally preferred
to transient expression because it typically achieves more reproducible results and
also is more amenable to large scale production, ie., production of the
glycoengineered antibodies ofthe 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, ephancer, sequences,

conpl ex
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franscription terminators, polyadenylation sites, etc.), and a selectable marker.
Following the introduction of foreign DNA, engineered cells may be allowed to
grow for 1-2 days in an enriched media, and then are switched to a selective
media. The selectable marker in the recombinant plasmid confers resistance to
the selection and allows selection of cells which have stably integrated the
plasmid into their chromosomes and grow to form foci which in tum can be
cloned and expanded into cell lines.
A number of selection gystems may be used, including, but not limited to,
the herpes simplex virus thymidine kinase (Wigler et al., Cell 11:223 (1977)),
hypoxanthine-guanine phosphoribosyliransferase (Szybalska & Szybalsk, Proc.
Natl. Acad. Sci. USA 48:2026 (1962)), and adenine phosphoribosyltransferase
(Lowy et al., Cell 22:817 (1980)) genes, which can be employed in tk°, hgprt” or
aprt” cells, respectively. Also, antimetabolite resistance can be used as the basis
of selection for dhft, which confers resistance to methofrexate (Wigler et 2/,
Natl. Acad. Sci. USA 77:3567 (1989); OHare et al., Proc. Natl. Acad. Sci. US4
78:1527 (1981)}; gpt, which confers resistance 1o mycophenolic acid (Mulligan &
Berg, Proc. Natl. Acad. Sci. US4 78:2072 (1981)); neo, which confers resistance
to the aminoglycoside G418 (Colberre-Garapin et al., J. Mol. Biol. 150:1
(1981)); and hygro, which confers resistance to hygromycin (Santerre et al., Gene
30:147 (1984) genes. Recently, additional selectable genes have been described,
namely trpB, which allows cells to utilize indole in place of tryptophan; hisD,
which allows cells to utilize histinol in place of histidine (Hartman & Mulligan,
Proc. Natl. Acad, Sci. USA 85:8047 (1988)); the glutamine synthase system; and
ODC (omithine decarboxylase) which confers resistance to the ornithine
decarboxylase inhibitor, 2-(difluoromethyl)-DL-omithine, DEMO (McConlogue,
in: Current Communications in Molecular Biology, Cold Spring Harbor
Laboratory ed. (1987)).

Fi x.
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id. Identification Of Transfectants Or Transformants. That
Express The Protein Having A Modified Glycosylation
Pattern

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; (2) 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.,

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.

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 séquence of the protein of
interest and the coding sequence of the fusion polypeptide of the invention are
inserted within a marker gene sequence of the vector, recombinants containing
the respective coding sequences can be identified by the absence of the marker
gene function. Alternatively, a marker gene can be placed in tandem with the
coding sequences under the control of the same or different promoter used to
control the expression of the coding sequences. Expression of the marker in
response to induction or selection indicates expression of the coding sequence of
the protein of interest and the coding sequence of the fusion polypeptide.

In the thixd approach, transcriptional activity for the coding region of the
protein of interest and the coding sequence of the fusion polypeptide of the

invention can be assessed by hybridization assays. For example, RNA can be

hybri d
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isolated and analyzed by Northern biot 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 particular 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-acetylglucosaminyltransferase II (GnTHI) 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
radioimmuno-precipitation, enzyme-linked immunoassays and the like. The
ultimate test of the success of the expression system, however, involves the

detection of the biologically active gene products.

b. Generation And Use Of Proteins And Protein Fragments Having
Altered Glycosylation Patterns

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

[0164] In preferred embodiments, the present invention provides glycoforms of
antibodies and antibody fragments having increased Fe receptor binding and/or
effector function including antibody-dependent cellular cytotoxicity.

[0165] Clinical trials of uncomjugated monoclonal antibodies (mAbs) for the
treatment of some types of cancer have recently yielded encouraging results.
Dillman, Cancer Biother. & Radiopharm. 12:223-25 (1997); Deo et al,
Dmmunology Today 18:127 (1997). A chimeric, unconjugated IgG1 has been
approved for low-grade or follicular B-cell non-Hodgkin's lymphoma, Dillman,
Cancer Biother. & Radiopharm. 12:223-25 (1997), while another unconjugated
mAb, a humanized IgG1 targeting solid breast tumors, has also been showing
promising results in phese I clinical trals. Deo et al., fmmunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
tespective tumor cells and the antibodies mediate potent tumor 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 §0:317-33 (1997); Surfus &
al., J. Immunother. 19:184-91 (1996). For some of these weaker mAbs, adjunct
cytokine therapy is currently being tested. Addition of cytokines can stimulate
antibody-dependent cellular cytotoxicity (ADCC) by increasing the activity and
number of circulating lymphocytes. Frost e al,, Cancer §0:317-33 (1997);
Surfus et al., J Immunother. 19:184-91 (1996). ADCC, a lytic attack on
antibody-targeted cells, is triggered upon binding of leukocyte receptors to the
constant region (Fc) of antibodies. Deo et al., Immunology Today 18:127 (1997).
[0166] A different, but complementary, approach to increase ADCC activity of
unconjugated IgGls is to engineer the Fc region of the antibody. Protsin
enginsering studies have shown that FoyRs interact with the lower hinge region
of theIgG CH2 domain. Lund ef al., J. Immunol. 157:4963-69 (1996). However,
FcyR binding also requires the presence of oligosaccharides covalently attached
at the conserved Asn 297 in the CH2 region. Lund et al., J fmmunol. 157:4963-
69 (1996); Wright and Morrison, Trends Biotech. 15:26-31 (1997), suggesting
that either oligosaccharide and polypeptide both directly contribute to the
interaction site or that the oligosaccharide is required to maintain an active CH2
polypeptide conformation. Modification of the oligosaccharide structure can
therefore be explored as a means to increase the affinity of the interaction.
[0167] An IgG molecule carries two N-linked oligosaccharides in its Fc region,
one on each heavy chain. As any glycoprotein, an autibody is produced as a
population of glycoforms which share the same polypeptide backbone but kave
different oligosaccharides attached to the glycosylation sites.  The
oligosaccharides normally found in the Fc region of serum IgG are of complex
bi-antennary type (Wormald ez al., Biochemistry 36:130-38 (1997), with low
level of terminal sialic acid and bisecting N-acetylglucosamine (GIcNAc), and a
variable degree of terminal galactosy}ation and core fucosylation. Some studies
suggest that the minimal carbohydrate structure required for FeyR binding lies
within the oligosaccharide core. Lund et al., J. Immunol. 157:4963-69 (1996)
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The mouse- or harnster-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,
howaver, the bisecting GlcNAc found in low amounts in serum IgGs. Lifely et
al., Glycobiology 318:813-22 (1995). In contrast, it was recently observed that a
rat myeloma-produced, humanized IgG1 (CAMPATH-1H) carried a bisecfing
GleNAc in some of its glycoforms.  Lifely et al.,, Glycobiology 318:813-22
(1995). The rat cell-derived antibody reached a similar maximal in vitro ADCC
activity as CAMPATH-1H antibodies produced in standard cell lines, but at
significantly lower antibody concentrations.

The CAMPATH antigen is normally present at high levels on lymphoma
cclls, and this chimeric mAb has high ADCC activity in the absence of a
bisecting GleNAc. Lifely et al., Glycobiology 718:813-22 (1995). In the N-
linked glycosylation pathway, a bisecting GlcN Ac is added by the enzyme B(1,4)-
N-acetylglucosaminyltransferase IIf (GnT III). Schachter, Biochem. Cell Biol.
64:163-81 (1986).

Previous studies used a single antibody-producing CHO cell line, that was
previously engineered fo express, in an externally-regulated fashion, different
levels of a cloned GnT I gene enzyme (Umana, P., et al., Nature Biotechnol.
17:176-180 (1999)). This approach established for the first time a rigorous
correlation between expression of GoTHI and the ADCC activity of themodified

. antibody.

Further antibodies of the invention having increased Fc receptor binding
affinity and increased effector function include, but are not limited to, anti-human
neuroblastoma monoclonal antibody (chCE7) produced by the methods of the
invention, a chimeric anti-human renal cell carcinoma monoclonal antibody (ch-
G250) produced by the methods of the invention, a humsanized anti-HER2
monoclonal antibody (e.g., Trastuzumab (HERCEPTIN)) produced by the
methods of the invention, a chimeric anti-human colon, lung, and breast
carcinoma monocional antibody (ING-1) produced by the methods of the
invention, a humanized anti-human 17-1A anfigen 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
anti-human melanoma antibody (R24) directed apainst 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 antj-human small cell lung carcinoma monoclonal antibody (BEC2,
TmClone Systems, Merck KgaA) produced by the methods of the invention, an
anti-human non-Hodgkin's lymphoma monoclonal antibody (Bexxar
(tositumomab, Coulter Pharmaceuticals), Oncolym (Technicione, 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 monoclonal antibody (Theragyn, Antisoma) produced by the methods
of the invention, an ant-human acute myelogenous leukemia carcinoma
:monoclonal antibody (SmartM195, Protein Design Labs, Kanebo) produced by
the methods of the invention, an anti-human malignant glioma monoclonal
antibody (Cotara, Techniclone, Cambridge Antibody Technology) produced by
the methods of the invention, an anti-human B cell non-Hodgkins lymphoma
monoclonal antibody (IDEC-Y2ZB&, IDEC Pharmaceuticals) produced by the
methods of the invention, an anti-human solid tumors monoclonal antibody
! (CEA~Cide, Immunomedics) produced by the methods of the invention, an anti-
human colorectal carcinoma monoclonal antibody (lodine 131-MN-14,
Immunomedics) produced by the methods of the invention, an anti-human ovary,
kidney, breast, and prostate carcinoma mopoclonal 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-buman EGFr-expressing catcinoma
monoclonal 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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invention, an anti-human breast, lung, prostate and pancreas carcinoma and
malignant mefanoma monoclonal antibody (BrevaRex, AltaRex) produced by the
methods of the invention, and an anti-human acute myelogenous leukemia
monoclonal antibody (Monoclonal Antibody Conjugate, Immunex) produced by
the methods of the invention . In addition, the invention is directed to antibody
fragment and fusion proteins comprising a region that is equivalent to the Fc

region of immunoglobulins.

) ii. Generation And Use Of Fusion Proteins Coraprising A
Region Eguivalent To An Fc Region Of An
Jmmunoglobulin That Promote Fe-Mediated Cytotoxicity

[0172] As discussed above, the present invention relates to a method for
increasing the Fc receptor binding affinity and/or effector function of therapeutic
antibodies. This is achieved by engineering the glycosylation pattern. of the Fc
region of such antibodies, in particular by engineering the antibody-producing
cells to produce a polypeptide with, e.g., GoTII activity or Gal T activity, or
Manll activity, that modifies the oligosaccharides attached to the Fe region of
such antibodies. This strategy can be applied to increase Fc-mediated celiular
cytotoxicity against undesirable cells mediated by any molecule camrying a region
that is an equivalent to the Fc region of an immunoglobulin, not only by
therapeutic antibodies, since the changes introduced by the engineering of
glycosylation affect only the Fc region and therefore its interactions with the Fc
receptors on the surface of effector cells involved in the ADCC mechanism. Fc-
containing molecules to which the presently disclosed methods can be applied
include, but are not limited to, (a) soluble fusion proteins made of a targeting
protein domain fused to the N-terminus of an Feregion (Chamov and Ashkenazi,
Trends Biotech. 14: 52 (1996) and (b) plasma membrane-anchored fusion
proteins made of a type Il transmembrane domain that localizes to the plasma
membrene fused to the N-terminus of an Fe region (Stabila, P.F., Nature Biotech.
16: 1357 (1998)).
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on their NK c&eblfal s &?%ﬁﬁy&ﬂsgmgmgaﬁgs@ nﬁ%ﬁ%&ﬁ s§258(1 2): 85-95
(200Q) . 1H&Bkf or esﬂm@fhﬁﬁ‘wy@ﬁt‘lcr%ﬁl@p@w fos het gatiboglies Phte imPtioRese cells is the
activating FCganaeRBhAts G;elﬁﬂ&ée ekl Sy:eléinb‘iﬁhﬁv\ENKhééhnﬁ;{i'r@ RiAdi ng assay

measures specific b| nding affinity to this receptor his is shown by
conpetition wEHRESa ’ﬁﬁfﬁ?ﬁ%ﬁ@ﬁq#‘iﬁéﬂt%%’g’lﬂﬂ?&”&ﬁ?? Bewy ofbalgrent (3G
Fab2- fragrrentarmbodm&@ﬁ;b Sbﬁjﬁgm ﬁ\boﬂmmnqﬁmtthepﬂoam@ed céivereiganced Fc- FCR

i nteractions on,t e tcorre r an Y L corres fromthe
correl ation, ¥ ﬁﬁﬁt‘ggk“f’%rﬁ#l ecgé%%?ﬂ a4 ?‘5 bet ween
efficacy and Eifwtshﬁnﬂmﬁg@uﬂkﬁmgrmzb@itim’mﬁyc FNgBrMRIS’ERUSﬁcept or genotype
(Cartron, O. " { 4 h A si ngl e paraneter
found to corr€5f4a8?ie_ lﬁ%ﬁ ]gn%(m%e?mé lﬁlgagg%)d%mé%;t‘%n\%%es%%ﬁesse rate and

i ncreased pr ap'd?lmpborybh‘edﬂmoemnQrande&pmm@eﬁemrahméasbfdn@iorlﬂcacy due to
enhanced FcgagmRl) drfite bﬂ&@;a@agé COefel cibectelbalid pRIgpe T unct  one

carried out by various t natural killer (NK)
cells, macr orﬂ&%?éésﬂdﬁwﬁh ﬁ@nafmv@mbwmﬂbedx@zmecwm@ Anl cing of the
activati ngFc HLEGRR " I ages and nonocytes can

| ead to tunor cell lysis byi’,‘%\l!i deblej 4%(%? ?%\c;(g%mpo be the prine
FcR-dependent killing nmechani smi n Vi vo) (Mal oney, D.G et aL & n. OncolL
29(1 Suppl. 2)2-9 (2002), Amigorena S., J. Exp. Med. 195(1)F1-3 (2002)) and
al so to anti body-dependent cellul ar phagocytosis (Hazenbos, WL. et al. J.
| munol . 161(6):3026-32(1998), Reff, ME. and Heard, C. Cit Rev Oneol

Her nat ot 40(1):25-35(2001)) and to cytokine release in the vicinity of
tumor cells (Carson, WE. et at Eta-. J. Immunol. 31:3016-3025(2001)).
These cytoldnes can in turn lead to direct cytotoxic effects on tunor

cel | S, to ant| -angl ogenl c effects whi ch | nh| b|t turmr grovvth b|t

. -




[ 0264] Fi gure 18 shows the oligosaccharide profile of an anti-CD20 anti body
produced from BHK cells growi ng in suspension and engi neered for
constitutive, high-level expression o f both the reconbi nant anti body and a
fusion polypeptide with Cnllll activity. The oligosaccharide profile shows

I ncreased | evel s of bisected non-fucosyl ated and bi sected hybrid

ol i gosaccharides for the antibody fromthe cells engineered with the fusion
GAM (see Table 2 al so). These structures are not found in

non- gl ycoengi neered anti bodi es proditeed by nongl ycoengi neered KIK cells
(see Fig. 1). The engineered cells expressing the -103- Gunn fusion

exhi bited normal growth in suspension and good anti body productivity.

[ 02651 Thirgl at i vetilpephenictgpesic afe fortke kb afihavdndasingdlves he

gl ycoengi neer ed nocl,.onal ant, bod roduced by the stabl e BHK-1502-28-11
cell line aré$%Fg@%H{ apFﬁ“ﬁ%ﬁﬁcn?%m$ﬁ6¥§s§¥tﬁéPdmegygﬁﬁéﬁntages of the
peaks obt ai nedtitoyy-MadM.conjidhieRe Mmove thiaadcelfs fmthe toat @irowefp@teent age 1 1257
2.5% 2

patients. According to this approach, autclogous bone marrow may be purged ex
vivo by treatrnent 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)].

[0180} 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] Similarly, a fusion protein comprising at least the antigen-binding region
of an antibody of the invention joined to at least a functionally active portion ofa
second protein having anti-tumor activity, ¢.g., a lymphokine or cncostatin canbe
used to treat human carcinoma in vivo. Furthermore, recombinant techniques
known in the art can be used to construct bispecific antibodies wherein one of the
binding specificities of the antibody s directed to a tumor-associated antigen,
while the other binding specificity of the antibody is that of a molecule other than
said tumor-associated antigen.

[0182] The present invention provides a method for gelectively killing tumor

\ cells expressing an antigen that specifically binds to the monoclonal antibody of
the present invention or functionsl equivalent. This method comprises reacting
the glycoengineered antibodies of the present invention or inmmunoconjugates
(¢.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 humen carcinomas) i vivo, This method comprises administering to a
subject a pharmaceutically effective amount of a composition containing at least
one of the glycoengineered antibodies of the invention or an immunoconjugates

(e.g. the immunotoxin) comprising same.

1
v
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In a further aspect, the invention is directed to an improved method for
treating an antoimmune disease produced in whole or in part by pathogenic
autoantibodies based om B-cell depletion comprising administering a
therapeutically effective amount of immimologically active antibody to a human
subject in meed thereof, the improvement comprising administering a
therapeutically effective amount of 2n antibody having increased ADCC prepared
in accordance with the methods of the invention. In a preferred embodiment, the
antibody is an anti-CD20 antibody. Examples of sutoimmune 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, rheumatic fever, polyglandular syndromes, Henoch-Schonlein purpura,
post-streptococcal nephritis, erythema nodosum, Takayasu's arteritis, Addison's
disease, erythema multiforme, polyarteritis nodosa, ankylosing spondylitis,
Goodpasture's syndrome, thromboangitis ubiterans, primary biliary cirthosis,
Hashimoto's  thyroiditis, thyrotoxicosis, chronic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pamphigus vulgaris, Wegener's
granulomatosis, membranous nephropathy, amyotrophic lateral sclerosis, tabes
dorsalis, polymyaglia, pernicious anemia, rapidly progressive glomerulonephritis
" and fibrosing alveolitis, inflammatory responses such as inflammatory skin
diseases including psoriasis and dermatitis (e.g. atopic dermatitis); systemic
scleroderma and sclerosis; responses associated with inflammatory bowel disease
(such as Crohn's disease and wlcerative colitis); respiratory distress syndrome
(including adult respiratory distress syndrome; ARDS); dermatitis; meningitis;
encephalitis; wveitis; colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration of T cells and
chronic inflammatory responses; atherosclerosis; leukocyte adhesion deficiency;
theumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus (e.g.
Type 1 diabetes mellitus or insulin dependent diabetes mellitus); mmltiple
sclerosis; Reynaud’s syndrome; autoimmune thyroiditis;  allergic
encephalomyelitis; Sjorgen's syndrome; juvenile onset diabetes; and immune
responses associated with acute and delayed hypersensitivity mediated by.
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cytokines and T-lymphocytes typically found in tuberculosis, sarcoidosis,
polymyositis, granulomatosis and vasculitis; pernicious 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-Baton myasthenic sﬁ&ome; pemphigoid bullous;
pemphigus; antoimmune polyendocrinopathies; Reiter's disease; stiff-man

) syndrome; Behcet disease; giant cell arteritis; immune complex nephritis; Igd
nephropathy; IgM polyneuropathies; immune thrombocytopenic purpura (ITP) or
antoimrmme 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
hwman, 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 2 method for treating a subject
suffering from a cancer. The subject may be 2 human, dog, cat, mouse, rat, rabbit,
horse, goat, sheep, cow, chicken. The cancer may be identified as a breast,
bladder, retinoblastoma, papillary cystadenocarcinomsa of the ovary, Wilm's

) tumor, or smell cell lung carcinoma and is generally characterized as a group of
cells having tumor associated antigens on the cell surface, This method comprises
administering to the subject a cancer killing amount of a tumor targeted antibody
joined to a cytotoxic agent. Generally, the joining of the fumor targeted antibody
with the cytotoxic agent is made under conditions which permit the antibody so
joined to bind its target on the cell surface, By binding its target, the tumor
targeted antibody acis directly or indirectly to cause or confribute to the killing of
the cells so bound thereby curing the subject.

[0187} Also provided is a method of inhibiting the proliferation of mammalian
fumor cells which comprises contacting the mammalian tumor cells with a

sufficient concentration of the glycoengineered antibodies of the invention or an



2012 1.75% Total bisected: 88.6% (4+5+6+7+8+9+10+11+12) Tot al

non- f ucosyl at ed bi sected: 37.8% (4+5+7+9) Total fucosyl ated bisected: 50.8%
(6+8+1 0+1 1+1 2) Conplex bisected: 17% (6+7+10+12) Hybrid bisected: 71.6%
(4+5+8+9+11) 102661The ol i gosacchari de anal ysi s showedt bat 88. 6% of the
structures carry a bisecting G eNAc residue, 50.8% are fucosylated and 37.8
% are non- fucosyl ated. The di gestion of the PNGaseF-rel eased

ol i gosaccharide with -104- Endogl ycosi daseH denonstrated that nost of the
peaks obtained are of the hybrid biggected type (Fig. 19). Fig. 20 shows

i ncreased binding affinity of the glycoengi neered anti body, produced by the
BEK- 1502-28-11 cell line, to the activating Pc receptor FcganmaRI Il k on
human NK cel | ismufbhjugate Bsiniisapi sage 1sB & UBPRMKSIt GRolEREtoM éfheonstitutive

st abl e expression _of both _the anti body genes and the fusion Gunn

pol ypept i de FPEpafanirmpriely. o ge-scal e producti on of therapeutic antibodi es.

Usi lng st qalgegrd ﬁeﬂebsﬁﬁjgitm@ﬁiéibmmpﬁﬁd?m&m&sﬁﬂiﬂﬁb’lﬁlﬁﬁh §188th Ny Canl |be|

i npl enented eit her i nt roduci ng t he sion GhT1E gene into a ce i ne
cont ai ni ng ttfgsl%‘tnitb%?ffe eﬁ@@gﬁﬁmaymﬁﬁﬁ%baﬁwt%&fﬁﬁﬁ%dy genes into a
cel |l |ine conypmiditbdagintalaebjdet) Thedemetotk tdmpaiedwdministerpg 10 thg bubfeorangi neer ed
production cell |ine" r by introgduci ng.the anti body and G1Tl I fusion
genes at the eﬁﬁﬁgeﬁ F°K&Ff§¥1 osg}?nﬁﬂtk‘{?@&égﬁu‘anti body produced in cells

engi neer ¢ai89jor hi Hhisl gppakntettprefoss ithan thef prehent nonehiane eaomphseacodi ng a f usi on
pol ypepti de wth i 4oVt . i t i via the Miulti

| ocal i zat i On%&%{%&ﬁ%émﬁp&é@é ’ %@?@?%ﬁ%@%ﬁeﬁﬁﬂ&%& ated lysis (CM), a
di fferent ef feawsingmas Foxexample, théinventfion inchidesgrbyaereetivel corppoBifons&eept or s on i nMmune

effector cellge ;1R V3Stent"B¢ RithdnYcafinok ' Qﬁ‘éa'béﬁ‘ﬁmf this
gl ycoengi neer egl %ntitﬁ%dyenv\er_e oa% °t§fésé’c?*’§& én%??%ﬁ%hon ucosylated type.
Reduced CM. aiéfestive apoupief ap piibedysofithe preseptipeentonand gipmnagmtitdiydy conpared to

t he unnodi fi e,gc%@glielaﬁg&_ (Fig. 21). For sone applications antibodies with
i ncreased ADCC but_ with reduced CM may_be desjirable, for exanple to reduce

si de ef f 48U suchberemposifions pey centpin the gitibpdyop eptibedy fragreentgieitheie t unor site,
medi at ed by GMmodiGéd)@bnjsda@aitd i Gepeta Mgt ¢é. 81 &g, 3b6l¢ -8R Grs have been
observed for ant'é-CIBQ ant i body .t he a% (van der Kolk L.E. et aL Br J
Haemat oL 115 (H§OngERRoqdy) oripppsmbinap forr(F-2. ¢iyperisaptodiss, Epemer8epr of i | es above
al so show t hadf chisierdd aatibogias bishecific imibelig), Meesmpdsisiomniay hidiigndiy oduci nglcel I's to

the GnID) i | tide at an internediate. ion Ievel
Chat T eads. t G ESPHOHARKES R BB oA r B conyl at o

ol i gosacchar i @elail}hi gher than 15%, but with a significant fraction of

conpl ex QhiogoSacchar,] Ldall Wolobr I 19 | ation of the

gl ycoengiqélfeggf_ed a?%%g@y%%ﬂéﬁy%% tg%d%#ln%%sacc 1ard|s grsm%g?lg associated with
normal , not risentedsan beadminiggredoming Pivesntionst moddef ddwinisiertitcat es t hat

anti bodi es w i}léludjﬁg%tﬁﬁ&ﬁﬁit%t&%o&?h&?g@vﬁéﬁea%ﬁﬂﬂﬁﬁﬂnﬁﬂaﬁéJ}' s way which

should maintain very sim]ar |levels of activity conpared to
non- engi neer e¥imipigina ly into the tumor. Intravenous administration is preferred.

[0192] The corpositions of the invention may be in a variety of dosage forms

which include, but are not limited to, liquid solutions or suspension, tablets, pills,

( powders, suppositories, polymeric microcapsules or miicrovesicles, liposomes,
and injectable or infusible solutions, The preferred form depends upon the mode
of administration and the therapeutic application.

[0193] The compositions of the invention also preferably include conventional
ﬁharmaceuﬁca]]y acceptable carriers and adjuvants known in the art such as
human serum albumin, ion exchangers, alumina, lecithin, buffer substances such
as phosphates, glycine, sorbic acid, potassium sorbate, and salts or electrolytes

such as protamine sulfate.



[ 0268] A second chineric 1gGl anti body, C225, also known as cetuxi mab, that
recogni zes the human epidernmal growth factor receptor (ECER) was

gl ycoengi neered by the nethods described here. Fig. 22 shows the

of i gosaccharide profiles of the unnodified anti-EG-R anti body C225 and of

t he gl ycoengi neered version of the sane antibody. The |ater was produced in
cells expressing a nucleic acid encoding a fusion polypeptide with GaT111
activity and localized to the Golgi via a Mann |ocalization domain. Fig. 23
shows increased ADCC of the anti-EGS& anti body resulting fromthis

gl ycoengi neering. d ycoengi neered anti bodi es produced by the nethods

descri bed here, and having increased ADCC and increased binding affinity to
activati ni19g r ecepib afost, effactive podenidintistationand &sageacgimdibbibely t her apy of

cancer and of _aut 0-.i di seases ince,they .should | e to increased ,
efficacy, rel 5??%’3?%@ FS@%@E@%%%n“&°‘bHﬁo%‘?/ePfye“d‘%(°ﬁ%‘ﬁ? gﬁdg?ﬁoengi neer ed) :
ver si on of t hdeasqtieipbiiait'elealiif md réshansctotileamangisedthe Adgntdtofiak| y it shoul d be !
possible to r .t h 2ut | ¢ dos f m% l.ycoenqi heered anti bodi es
conpared to t%géﬁﬁgﬁ%%%ﬁmegg%ﬁ%y’ aqzhrtla’a’:Ej tsa% Sso%ﬁ F‘)Dgllglx%sl S\?/‘%'g(;l/%?rrpact t he

econoni cs of ditrated ¢l yhepinditidoeli patient EXeveRhdles® i effictien tlosof ofl #mrune- Medi at ed

Thr onbocyt openj.a._ i I: . W h& Fah ks - D sease
[ 0269] Aut oi mﬁ%@?&fﬁ?’%ﬁgﬁi{gbﬁﬁgﬁ?ﬂ%ﬁ%@ﬁ% i°C gra Dé{'le{/tg?go&gf-bagst di sease
represents anm@¥et ance of B-celldysregulation |eading to clinical disease.

To treat jgmayne- b%cﬁéiﬂ%@&é@%@%)ﬂ&%%%{gy%ewa@ar&HbJ)f%Eag%&ersChrO”iC

graft-versus-host disease, an anti-CD20" chi meric ‘nonoclona

ant i bodypr epar@ishigpludndunie Refdisniis (o Hevigsabutiaps orisRipeRiond iabdatel havi ng

At Anat hant hom e e 8 5000) ( he

entire content®s .Wgﬁécﬁmﬁ@g@e?%Wp@?&’?gﬂ%@@?m%ﬁ). )

tSpeE:ihfi cally, tﬂ&fmﬁegﬁaﬁmhﬁéuuﬁd?ﬁﬂdmﬁﬂﬁgpe;wtﬁﬁbadyn. 375dng/ n is agm'dni stered
o the su or weeks. . The .anti.bo er roduce mar ke

depl et i onmt.l)?é]B cel TB§ o8t ﬁ%ﬂvﬁW%#%P%FWB@cg%a%m% H%Fevel s of

pl at el et - assoaickicEes ofifik plestllinventi d@iependDopdith & otation efthatensr beirg Sever e,

| nmune- Medi at i 3 ' ]

10270) I.mmune- %ﬁ@@é%%f?ﬁ%@ﬁ%ﬁ?gmﬁg&%%ﬁ%%ﬁﬁé?f‘?g%ﬁ?{? is arare

di sorder fr equwsatnkn axkdhejudsaenthf the trénting fthesicianbeordinglyehpdoeagesana. To treat

i mune- nmedi at ' 4 BUE 30k@sd.g i n a subject, an anti-CD20

chinmeric nonoc o%gﬁmgén{hﬁlgqggﬁ%ﬁg%ggh@f@ﬁgﬁgg hods of the present

i nventi onl®P8 havi Ry intereslatipushig o e for aipAlyAf 3triopetizes gndsprsies ubj ect as

descri bed i N Z§Skmmand¥aselion Alp/ke ofihRE ack i 398y K429 .01 haz.entire contents
of which are hereby incorporat e&ab% referencga,. Specitically, a subject
wi th PRCA and Gntebi-hramtee. R (R4 9-2AbiPeh); Advimpets pks 4988Es of anti body,

375 ny/ ng, permm@lmayfofetgalaew@ﬁﬁadmehmﬁ&gdwgoﬁubﬁﬁimtahmmngegt ment withk ;
i ntravenous irnrnuno ulinis initiated. This treatnent ,produces a marke
Gopl of 1 on of  ENREH SR ae by R firiniadt s HbRRRTF BegBe Count
acconpani ed byedutpapationatie depedpiupod thesithaion (A MRletal divided doses

may be administered daily or proportionally reduced depending on the specific

therapeutic situation.
[01.98] It would be clear that the dose of the composition of the invention
required to achieve cires 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 carmier may be a detergent. As
used herein, a detergent is any substance that alters the surface tension of a liquid,

generally lowering it.



Mat erial s and Methods 1. Construction of Gal T-fusion expression vectors
Vector for constitutive expression of GalT [0271] For construction ofthe
Gal T expression vector, GalT cDNA is anplified froma cDNA |ibrary

(G ontech) by PCR, A Ctermnal c-nyc-epitope tag is added i nmedi ately
upstream of the stop codon of the gene (am no acid sequence: PEQKLI SEEDL)
for later, convenient detection of Gal T by Western Blots. After
confirmation of the correct sequence of GalT the gene is inserted under
control of the MPSV pronoter and a gynthetic rabbit beta-globin

pol yadenyl ati on signal is added. The final GalT expression vector also
contains a separate puronycin resistance cassette for selection, with the
puronyci nozeepi St ang @ndexgpRl SO BREition,” the Getelzh ne el #hordnid he MPSV
pronoter and synthetic rabbit beta-gl obin polyadenyl ati on Repl acenent of
ani no aci ds eftBEAth emaey ofciomionis deigigents fagide. St esgingt dpited he ani no aci ds

ePCOﬂ! nght Be_ %&ﬁ@ibhtéatd Qflsdimm;c N 29 fTviehe musﬁr@@ﬁf}ahy[eg&&%hﬁe conlst r ugti on
of this hybri al act gsyl transferase e i.s perfor , .for exanple, by
over | appi ng 9"&3‘6%%8%%‘}‘1'&@% Tmpﬁeﬁn“f% T%@rﬁ“@iﬁ@ﬂt”‘éﬂo ing the

Gnll- GalTiof0api ON WOIRRGEEEEhE Qkerght iidy®e MRSMc fetapiat. Bk exiafiledf @I OMyCi N

resi stance cassette for sel ect.ion. Repl nmen f the am np acids encoding
Lhe. | ocal | zat B SIGAE RGeSl HoeRFpea, AarHGy Rer R B BB t he

| ocal i zat[0202] domaiduditibndliy, iRstcsrdambogitdhsiavention, the G3d Srddamagbest ruct i on of t he
Gal T expressign vectoor 1S perfor.nmed. The resulti | asmi d contains the
ybri d fran. 110RSTE: o waedla i} plickbon, o “Hposp iy i Flabboi boind” 0 o 10 o o
the hybrid mavesitl-w@ihTodtais awpmglecdesaf thiinyéndion esbinbiaatioostheaedfgi n ori P from
Epst ej n B{@ftﬁ] VI T USppe examples below explain the invention in more detail, The following

preparations and examples are given to enable 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 exemplified embodiments, which are
intended as illustrations of single aspects of the invention only, and methods
which are fimctionally equivalent are within the scope of the invention. Indeed,
various modifications of the invention in addition to those described herein will
become apparent o those skilled in the art from the foregoing description and
accompanying drawings. Suchmodifications are intended to fall within the scope

of the appended elaims,
EXAMPLES
\ .
EXAMPLE 1
Materials and Methods
1. Construction of antibody expression vectors.

Anti-CD20 antibody expression vector pETR1502,

[0204] The C2B8 anti-CD20 antibody expression vector, pPETR 1502, consists of
four independent, separate expression cassettes (one for the C2B8 antibody light



[0274] A DNA fragnent with ori P is subcloned as described in Exanple 1 into
the hybrid Man. 11- GalT expression vector descri bed above. Conbi nation of
the hybrid mazill-Gl T fusion gene and a truncated 04 cell-surface narker

gene [0275] The expression vector is nodified for additional expression of a

truncated C04 cell-surface marker gene. Briefly, the hybrid rnatill-GlT
fusi on gene expression cassette is converted froma nonocistronic to a

bi ci stroni c expression cassette by inserting, downstream of the stop codon
of the manll-GalT fusion, a polio virus IR ES element followed by a cDNA
encoding a truncated human CD4 protein (conprising the human CD4 | eader
sequence for secretion followed by the transnenbrane and extracel |l ul ar

dom ng). -108-..3, Tr e} | i || Lt h.Gal T-fusi on- and
ant i body- exprghé*sné?ngrf%\r}%{ ores roa%%ef' ctl ohéng?org%)?e%n@ﬁns&[“%%] Exponenti al |y
growi ng cel | sg¢owiapdbbie foy theGueine it gens). AUl genesede winier vadivledf ttmd subsequent |y

transfected a ' | 0 Exan f cti t he

gl yeoengi neer E{g%ﬁﬁ%@%ﬂ’ggﬂﬁ@%@%@“ﬁ@%%%ﬁ%@ Eeiléltag W { h two pl asm ds,
one for anti bouyenaxpelesiciviationsighal dedvasifioorthe rolyadenylatine sigadl 3ftho| ypept i de
expression, at,a; ﬁg{o&ﬂ . 3.1, respectively. Transfection of HEX293- EBNA
cells [0277] ExponefitralFlTy growi ng 1-1131(293-EBNA cells are transfected as

descr i bedl[0R45] Ex anpIdNAs enfading thiveagnblodicryy (\GH) aod virialle ghy (donigimeer ed
ant i body oxpr CESEE! B IRy eI e e BT L et O or eosi on, at
a ratio of 4: everlgppingesinglevirpnded plizopngleotiflep ifsn enegien petsk v1og Bifper nat ant i s
harvested, ceptdvhfatiad, o Bérem*qoua‘tzska&@oﬂm)g.fﬂeloﬁ%ﬁﬂ sédifer@e S€CONd
centr]fugati OIc‘:]odfinOg,rr fo%OCZrIQB nVEt anﬁogH r[eg%cra?lsa\gg:e ko%ginec? tﬁ-ofn :a published
intemational patent application (Internatiopal Publication Number: WO
94/11026). Assembled VL and VH cDNA fragments were subcloned into
pBluescriptiKS(+) to give pBlue-C2B8VH and pBlue-C2B8VL plasmids and
sequenccd.
[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 fo constant region (BsiW]I for the light chain and Nhel for the
heavy chain). The IgGI constant regions were amplified from a human levkocyte
¢DNA library (Quickclone, Clontech) using primers that introduce suitable
restriction sites at the 5’ and 3° ends (BsiWI and BamH] for the constant light
) chain and Nhel and BamHI for the constant heavy chain).
[0207] After confirmation of the comrect DNA sequences, the CZB8 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 (pETR 1315} and another for the C2B8
heavy chain (pETR1316). In a second step, a neomycin resistance expression
cassette (neomycin resistance gene derived from Tn5 transposon and put under
confrol of the minimal MPSV promoter) was introduced into the vector
pETR1315 resulting in the plasmid pETR1481. A dhiT gene expression cassette
under control of the MPSV promoter was inserted into the vector pETR1316 to
give the plasmid pETR1328. In a final step, both expression modules (C2B8-light

i
L



Generation of a stable mammalian cell |ine expressing a reconbi nant
anti-CD20 anti body and a Gal T-fusion [0278] The cl one BHK-1502- 28,
constitutively expressing anti-CD20 nonocl onal anti body genes and the
neomyci n resistance gene, is transfected with the expression vector by

el ectroporation. The vector allows for constitutive expression of the

Manl |-Gl T gene and a truncated form of human CD4, the latter

1RFS- dependent |y expressed. The-vector al so contains a puronyeinresi stance
gene expression cassette. Puronycin-ifesi stant clones are first selected to
obtain a set of clones that chronosomally integrated the vector DNA. C ones
are then screened for surface expression of truncated C4 (tCD4), which
serves as a nekerned od BRPprhewy chom # difipleredombined ib b vedtoressnltngVvanl| | - Gal T+t CD4
gene expressi | doiq JRERGEPI nant anti body production of the selected
clones is ver %%&g%ﬁ ng S%EBELISA assay. -.109- 10279JTransfection and
subsequent screening of tCD4 expression level is carried out as described
in Exanpl e 1. aAdti-cBoshE6bdvRRpediidn Pabidr fERakh@n of unnodi fi ed and

gl ycoengi neered antibodies [0280]In the case ofBliK cells transfected with
an anti body expression vector or co-transfected with an anti body expression
vect or pl9208) Gal PEEREI26 rombips 8 S8 Emii®20 antibodylvepressioe vacler witlper nat ant i s
harvested aft . R ale t : . : t transfection.
Dependi ng on ﬁ%%%%@lgﬁo%?g ut%etaﬁfhg}tlfe’?%assevéog@ %ﬂoéé’ést%gglggggltsi ons (10-15)
are done for tepbcaemand meintagpance [rocels prp¢ucing dheBpsiein FarrBENPIRIEEBNA cel | s
transfect ed WeiB.ABRPRAAY. FHQNsnENRh 65 (2Bs ¥GhbMn vBtorGRTRIAOSAECT €d Wi th an
expressi on vector plus a Gal T-fusion expreéssion vector, the culture medium

is replaced b)?”??@@WW@%@?@G&W‘&&W&WW@@WHT@HEMN

post -t r ansf eclt®brilmaitatotfy Yediof PETRIGOY bk SedidtgRTRM MES ts@dlantd er cul turing
the transfect eﬂ,{?&%bi Sﬁﬂ{@r a f_urélher 120 hours. [0282] For the stable

BHK- 1502- 28- 1% Vifh{fic exgeptiop g} frdhis plas CIEOFABENS | s/ and
super nat ant hatideeshiesl oftt 8ill, Hsiehd S thofirirmd {MPSV prémbteddody puri fication

Anti-fibronectin antibody expression vector pETR1546

[0209] This vector is the same as vector pETR1520, except that the variable

heavy and light chain coding regions of the C2B8 anti-CD20 antibody have been

‘ replaced by the respective coding regions of antibody L19, a human antibody

recognizing the ED-B domain of fibronectin. The variable region-encoding DNA

fragments were synthesized by overlap extension PCR method using synthetic

) oligonucleotides based on the sequence of the varable regions of the L19
antibody (Pini, A. et al. J. Biol. Chem. 273(34):21769-76 (1998)).

Anti-EGFR antibody (C225) expregsion vector pURSIZ8

[0210] This vector is the same as vector pETR1520, except that the variable
heavy and light chal:in coding regions ofthe 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



10283] Monocl onal antibody is purified fromculture supematant using two
sequential chromatographic steps, Protein A chromatography and cation
exchange chromat ography as described in Exanple 1. 5. digosaccharide
Anal ysis [0284] A i gosaccharides are enzymatically rel eased fromthe

anti bodi es by PNGaseF digestion, with the anti bodi es being either

I mobi | i zed on a PVDF nenbrane or in solution. [0285] The resulting digest
sol ution containing the rel eased oligosaccharides are either prepared
directly for MALDVTOE-MS anal ysis or78are further digested with EndoH

gl ycosi dase prior to sanple preparation for MALDUTOF- MS anal ysis. -110-
the ol i gosaccharide rel ease nethod for PVDF nenbrane-i mobilized anti bodi es
and the oli gos@anhafﬂ:d@??.ﬁiahmw (mquehlod chmbafinhdmdi @blished padalit | on are

carried out as scrlb e H digestion
of PNGaser-r elag at&? Ao tgg"ct)esn%{i(t:l anonf U%frﬁgé %5’@3‘9%9? émg?ﬁybr
gal act osyl at edf thhti pytssiapplivatiander ﬂmthemytmimt thpink/MésPhctiveld- MS neut raI

ol i gosatchari de peaks |[0286] The PNGase rel eased ol i gosaccharides are

subsequent|ly digested with EndoP %§03|dase H (EC 3.2.1.96) as described in
Exanple 1. MALDI/ T% E- N@ODSH’UCUODO GoTII-fusion expression vectors

pETR1166. Vector for constitutive expression of GnTII

[0211] For construction of the GnTII expression vector pPETR1166, rat GnTIO
was amplified from arat kidney eDNA 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 later, convenient detection of GnTII
by Western Blots. 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 GnTTII expression vector also
contained a separate puromycin resistance cassette for selection, with the
puromyein resistance gene also under the control of the MPSV promofer and
synthetic rabbit beta-globin polyadenylation signal.

pBTR1425: Replacement of the first 76 amino acids of GnTIII by the first 102
amino acids of the human GnTI.

[0212] The construction of this hybrid glycosyltransferase gene was performed
by subsequent overlapping PCR reactions. In one reaction, the stem region of
buman GnTI was amplified using the primers GAB-179 and GAB-180, During
this PCR reaction a Kozak consensus sequence and an Ascl restriction site were
also introduced at the 5° end. The resulting PCR fragment has a 23 bp overlap
with GnTII starting at position 229. In a second PCR. reaction, the GeTI region
from position 229 to 380 was amplified with the primers GAB-177 and GAB-178
generating a PCR fragment with a unique BstX] 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 Ascl and



[ 0287] Sanpl es contai ning the enzymatic digests containing the rel eased

ol i gosacchari des are prepared for and subsequently run on a MALDI TI OF nass

spectroneter
102881Peri ph

Hi st opaque- 1077 (Sigma Di agnostics Inc., St. Louis, M63178 USA) foll ow ng
essentially the manufacturer's instructions and the protocol
Exanple 1. [0289] Human NK cells are isolated from PBMC applying a negative

as described in Exanple 1. 6.Cell Preparation and |Isolation
eral bl ood nononuclear cells (PBMC) are prepaa-ed using

described in

sel ection procedure as described i pgExanple 1. S. ADCC Assay 10290] PBMC or

NK as effect

or cells are prepared as descri bed above and assayed for their

ability to nediate cytotwicity in an Anti body Dependent Cellul ar

Cytotoxicity

bi nding on N

102911The bi

RETHG AfPE&‘&rPﬁ‘&’RPPQQ S inseE dus

%Meﬁ‘éﬁ?ﬁﬂmoﬂeﬁﬁ(ﬁtﬁ’ﬁﬂlAﬂasﬁz’éﬁp@ﬁlﬁnglutheplﬁnlxd 9. FcgammaRD1A

cel | s and FcgammaR ab bind |n§k I | ymphoma cells

°P§@ﬁEP§HmN§@¥B%IIs and t he

bi nding of FpeaMRRRRA Wi BRItk JBIRRIIMRaCA)t @arkifl abelBEyYPREH as described in

Exanpl e 1.

[0213]

fragment yielding in the plasmid pETR1423. The Sphl / BstXI fragment from
pETR1166, an expression vector carrying the original rat GnTIII gene, was then
replaced by the corresponding fragment of pETR1423 resulting in the plasmid
pETR1425 containing the GnTI-GnTII fusion under control of the MPSV

promoter and a puromycin resistance cassette for selection.

Primer sequences:

GAB-177: GUGTGTGCCTGTGACCCCCGCGCCCCTGCTCCAGCCACTGTCCCC

GAB-178: GARGOTITTCICCAGCATCCTIGGTACC

GAB-179: CIGAGGCGCGCCGCCACCATGCTGAAGAAGCAGTCTCCAGEGC
GRAB-180:
GGGGACAGTGECTCCAGCAGGGGCECEEEEETCACACGCACALCGLCAGT

pETR1506: Replacement of the 76 N-terminal amino acids of GnTIII by the first
100 amino acids of human mannosidase IL

The construction of pETR1506 was petformed analogously to the
construction of pETR1425. The stem region of the human mannosidase I gene
was amplified with the primers GAB-252 and GAB-253 using the vector pBlue-
man ag a teraplate. During this PCR a Fsel site and a Kozak consensus sequence
were introduced at the 5’ end. The resuliing PCR fragment overlaps the GnTIII
gene starting at position 229 by 23 bp. In a second PCR reaction a part of the
GnTHI gene (position 225-460) 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 vnique Stul site at the 3° end,
Both fragments were purified and used as templates in a third PCR with the
primers GAB-252 and GAB-255. The resulting fragment was inserted into
pIC19H giving the vector pETR1484, After the correct sequence of the insert has



10. Conpl enent dependent cytotoidcity assay 10292) Conpl enment dependent
cytotoxicity assays are perfornmed using antibody dilutions according to the
nmet hod described in Exanple 1. Results and Di scussion [0293] Assays are
carried out in order to denonstrate the inpact of the expression of genes
encodi ng polypeptides with Gal T activity on cell viability, cell growmh or
anti body production, relative to cells not producing such . polypeptides.

[ 0294] The purified anti bodies are analyzed for their glycosylation patterns
by MALDI/ TOF- M5 as described in Exanple 1. Using this technique, it is
possible to determne the fraction gf, different oligosaccharide species
within the total, original Fc- ollgosaccharlde popul ation, and it is also
possible to assign strictures to different peaks in the spectra (TJmana, P.

et at, Natur ege romg{ﬂh&m& Ieile7f§s1on3]g§18e( %933 thd%%ﬁgJ@?&e woupdi fied anti body

ollgosaccharl e 1s determ peC| I ca is determned if
t he engi neeri ﬁgﬂﬁﬁmm@faﬁmlﬁwﬂﬁhwmmmﬂwﬂmﬁﬁﬁéb@mn of wi | d-type

Gl T | eads i l%"&"opiﬂ?‘a O@%II gﬁ%ﬂﬁegﬁg%ﬁlmmf ETR%H&B ex biantei mary

ol i gosacchari ngl néering of the

ant i body- pr od@@ﬂtﬂ@ﬁd@@lhywddyﬂﬂﬂx(ﬁiﬂ"égﬂmﬁsﬁﬁﬂhNﬁdé)@defca%tm!lo eoding a
Gn. TIGal T fusmﬂ% xﬁﬂéﬁkkﬁﬁmmﬁﬂ)ﬁﬁ aQEd@ﬂ&%mﬁﬁﬁﬂkdﬁh?mﬂﬂﬂ%%n I's localized

via the GnTl ocal i zati on mai n ctosyl at ed
conpl ex b|ant@ﬁﬁ@ﬂv°ﬁ$¢©®%ﬁ@%ﬂ%¥$a@&ﬂﬁﬁﬁﬁﬁﬁﬂR@HﬁER#H% Hﬂ@@@@?pe Gal T. If

gal act osyl at eqisHRpETRHEOEY! at ed and gal actosyl ated, hybrid structures are
synt hesi zed, these may -112- result fromthe conpetition between Gal T and
ot her gjycosyltransferases or glycosidases. It is expected that once an
oIigosaccharidﬂnkﬁmqﬁgkiied with a gal actose added via a Gal T-catal yzed
reactjon, al, 68§Oé§ facosyltrangferase, Golgi a-nmannosidase LI (Mann) and
GuTll)can no 1% act to nodify the gal actosyl ated ol i gosacchari des.

[ 0296] EndoH gjmasmmlmem@eﬂTmGMGWMGmﬂacagmmd)et ween hybrid and
conpl ex oligo charides is used evaluate the proportion of Pc-attached

gal act osyl at ed,” non- fucosylated and gal actosyl ated, hybrid
0|igosacchari@@@GACAGTGGCTGGAGCAGGGGTGAGCCAGCACCTTGGCTGAAAETGCTTTGTG

AACTTTTCGG

GAB-254:
TCCGAAAAGTTCACARAGCAATTTCAGCCARGEGTGCTGGCTCACCCCTGCT
CCAGCCACTGTCCCC

GAB-255: ATGCCGCATAGGCCTCCGAGCRGEGACCCC

pETR1519: Combination of the hybtid manTl-GnTI fusion gene with the
replication origin otiP from Epstein Barr virus,

) [0214} Using the primers GAB-261 and GAB-262 a 2 kb fragment containing
oriP was amplified from the plasmid pCEP4 (luvitrogen). During this PCR
reaction at both ends of the fragment Sspl and EcoR] sites were introduced. For
sequencing, the oriP fragment was inserted into the vector pIC19H. After the
correct sequence has been confirmed oriP was inserted as a Sspl fragment into
the vector pETR1001 (digested with BsmBI and 5° overlapping ends filled in
using Klenow polymerase). The resulting plasmid was designated pETR1507. A
Sphl/ Nrul manll-GnTHI expression cassette from pETR 1510 was inserted into
pPETR1507 digested with the same restriction endonucleases giving the plasmid
pETR1515.



[0297] Tests are carried out to determne if the engineering of the

ant i body- producing cells by expression of a nucleic acid encoding a
Manff-Gal T fusion pol ypeptide, where the Gal T catalytic domain is |ocalized
via the Manll Gol gi localization domain, |eads mainly to gal actosyl at ed,
non-fucosyl ated and gal actosyl atecl, hybrid. Specifically, it is determ ned
whet her, relative to the wild-type GalT and to the Gall-Gl T fusion, the
Manil-Gal T fusion is nore efficient in the synthesis of Pc-attached

gal act osyl atecl, non-fuc, osyl at ed qgg gal act osyl ated, hybrid

ol i gosacchari des. [0298] As nenti oned above, endogl ycosi dase H (EndoH) is
used to confirmthe assignnment of gal actosyl ated non-fucosyl ated and
g-dlactosylatﬁgn Q{Eﬁkg_structures to the different oligosaccharide peaks
observed in the WAL pfofiles. O the oligosaccharide gal actose residues
that carry a €pH-@6L0SECTAASINIRSAAT HECQITTAEETIGTIIACTCITACRDSRA®T r uct ur es t hat

are non-fucosy].al ) j %i%ﬁﬁ%hﬂi i nd fucosyl at ed ,
conpl ex oIigd%g%%ﬁgfPﬁgk%sF§%§%¥%Eg€§%£'eternlné%QmF§§é§¥$ﬁe i npact of the
| evel of Gal TCASESr ession and the particular |ocali7ation domain that is
used to target the Gal T catalytic domain to the Golgi, on the conpetition
for GnTl-nodif] o) Lgosacchar.i substr het ween .t he reconbi nant
GalT-catalyti$§§§§3$égﬁﬂHm?WgﬁﬁﬂﬁggéﬁéégﬁﬂﬁhﬁQF%T%mdPH¥B§Vftransferase,
Mann and G an PGS MEkGBMS 1 ned. The | evel of antibody-dependent
cellular cytotoxicity (ADCC) resulting from overexpression in the

ant i body-IpH8Huci ndherTIRd 5Qpxpzestienseetpiovag modifiedfordditienatexprsssippept i de with Gal T

activity thatqd;$uhQ6alonzed-d cHd. ey Ghe g;qu_ i zation donai ns
IS deterrrined(.)ﬂa -113- [OBOOu?kaﬁdgp& Bﬂéhﬂﬁ ﬁéﬁ het ggﬁglycoengineered

\ ] , is also determ néd wheth
ant i bodi es prYHAR EPCLFKPESIN ISRV ISCOPIREeR AOMmhb PIPHEgHE ih@ cel s of a

nucl ei c SCIb d ﬁamc][a&r@s;@@%ﬁiuﬁ%ﬁa@g@aavﬂﬁirémntoh;hﬁﬁb%oa@ﬂdfwez y hgve il A
i ncreased bi ndi affinity to the n actjvating_Pc receptor Fcgamma

or for the i nﬁ?“gﬁ?ﬁlg WWWBM%E%T%#WEE@%@NMWN s wll

out conpet e t henmedtédhiuinin Cb4 fritein GOEHEEFHEIuBA EDMdadersbiierzYdrt r ansf er ase,

gl ycoengi neeri ng.t Pc .regi on of .an anfi body .and, .consequently, increasing |
ADCC. [osoz]Tﬁe%%wﬁéggﬁéﬁthgﬁ@“ﬂ#ﬁﬁ?ﬁﬁi %ﬁmﬂﬁ?P?E§20 anti body produced |
fromBI-EK cells growing in suspension and engi neered for constitutive,

hi gh-1 evel expression gi,-RotR NG ahBeREL LR N HorERAN ANGnf f usi on .pol yp
eptide with Gl T actiéﬁh&%&%qﬂgggiﬁ%gﬁd. The relatpge %erg%ntages of the
ol i gosacchari des of the gl ycoengl neered nonocl onal anti body produced by the

stabl e BlBl-;BOZﬁZE-lé &@J# |ine are al so determ ned. EXAMPLE 5 Materials
and Met hods 1- Mani! and GhTIl expression vectors
[0218] Exponentially growing cells (viability 90-95 %) were seeded in the
appropriate number of T75 flasks at a concentration of 0.9 x 10° celis/ml 24 h
) prior to electroporation. As culture mediwm, 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 supernatant was discarded. The cells were
resuspended in 800 pl Invitrus medium and were transferred to a sterile
electroporation cuvette (0.4 cm gap) already containing 8 pg circular plasmid
DNA and incubated for 5 min at room temperature. The cells were electroporated
using a Gene Pulser I (BioRad) with the following conditions: 400 V, 960 pF
with two pulses in a 30 sec interval. After the electroporation the cells were
immediately transferred into a T25 flask containing 5 mi of outgrow medium
(Invitrus / 20 % (V/V) FCS 7 1.25 % (V/V) DMSO) and were incubated at 37°C



[ 0303] For construction of the Manll expression vector, a human nmannosi dase
Il (SEQ ID NGO 17) cDNA was subcl oned into an expression vector plasmd
downstream of the MPS V pronoter and upstream of a synthetic rabbit
bet agl obi n pol yadenyl ati on signal. For the G1T31 expression, an expression
vector plasmd is used with the human CniTH cDNA subcl oned downstream of the
human CW pronot er/ enhancer and upstream of a bovine grow h hor none

pol yadenyl ation signal. -114- Conbi nation of the expression vectors with
the replication origin oriP fromEpgtein Barr virus. 103041A DNA fragnent
with ori P was subcl oned as described in Exanple 1 into the Manl| expression
vector described above to give Mann expression vector pCL, F9. A DNA

fragment vvithmr's@gbzsm ﬁdr@m%ﬂba'e& ¥ Gfddiion ioff oAk (donk Nt O the glﬂlTlTlL .
expressi on ve es abqve [essi.on vector p

Tr ansf ecti on Ewgi Eéﬁgﬂfh%‘e escet?)g’g@]t@%‘én‘l %B’F th aghibofly ng 11E1C293- EBNA
cel Ig }Nerg treﬁ;srﬁs&gm@%masordwﬁbm@& éfﬁh&@iﬁdﬁﬁig&e?red Eﬂgocﬁéaeth@rodugt Id on of &
unnodi fi ed ant}] body " " were tr ected w ant i body

expt essi on vé& Sﬁmefbﬁ%fgﬁ‘&“ FgP afrﬁgs’ﬁ?‘i)fai?ﬁﬁgﬁexﬁ“?%émé)%coengl neer ed
anti body " Chbrotlier of filsion GETTIPo WEspeds(SEQ MANGL 16} dxprdssitinf dba fah®of3t 1as M ds, " one for
anti body express?ﬂ (pETR1520) and anot her for fusion pol ypeptide

expression (P ) at a ratio of 4:1, respectively. For the production
of the glycoengineered antibody "Cnt', the cells were cotransfected

w t ht hree pl w%ngmg_@mgg%y expressi on (pETR1520), one for fusion
GnTl Il pol ypepti de expression (p 519), and one for mannosi dase |1

expression (pCLF9) at a ratio of 3:1:1, respectively. For the production of
t he %]yCﬂEII'QI ne, eRxpcneatidliy pomking' HREj293- EBIé&cﬂlslmreatrmfe@edh}athsfect ed with four

pl as one,f o ] £ L.ifusion G na
pol ypepti de gxpir&(]a1 %hﬁ%%?ﬁ@el%?@x‘ gmwgl Eﬁlgﬂ% %é%c}l {nfr - expr essi on
gf pg:LBEQ)O BSnd“ ﬂﬂ&buﬂms D@Mcumllmeme@gmm(emm yo‘yaECSa andwée of

:0.33: 0. gmgs} | on
of unni odi fi e Jt ycﬁ%ﬁé%?ﬁe Sgril{t"ul? di es iﬁgg%l&ﬁe cul ture nmedi um of
t he transf ect°§aT'?: 15SQHMMEW?@&M%@W@%@W@HMEM%dl um
appr 0Xi Mat el ki iR b AR Gl 80s Bl VA A Sfsp g um vas t hen

harvested after culturing transfect ed cel 120 hours.
Har vest ed supvem@tnam%cel&emereclqul iaf a'g°€dmfa@rm®bmrnwﬁz af298Cpm fol |l owed by

a second centgihdsaaldv@ghiOfor bbnT78 ndk 1A ndrRiB ANBLKERI DA, 4C. 415-
CaCl; and water was prepared by mixing 47 pg total plasmid vector DNA, 235 ul
of a 1M CaCl; solution, and adding water to a final volume of 469 pl. To this
solution, 469 pl of a 5¢mM HEPES, 280 mM NaCl, 1.5 mM Na,HPQ, solution at
pH 7.05 was added, mixed immediately for 10 sec and left to stand at room
| temperature for 20 sec. The suspension was diluted with 12 ml of DMEM
supplemented with 2% FCS, and added to the T75 in place of the existing
medium. The cells were incubated at 37°C, 5% CQ; for about 17 to 20 hours,
then medium was replaced with 12 mi 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 GoTIII polypeptide expression, at a ratio of
4:1, respectively. At day 5 post-transfection, supernatant was harvested,
centrifuged for 5 min at 1200 rpm, followed by a second centrifugation for 10
min at 4000 rpm and kept at 4°C,




Anti body purification [03073Monocl onal anti bodies were purified from

cul ture supematants using two sequential chromatographic steps, Protein A
chromat ogr aphy and cati on exchange chromat ography as described in Exanpl e
1. For antibodies cwt7, cbrt5, and cm, an additional size exclusion

chr omat ogr aphy step using a Superdex 200 col um (. Amer sham Pharmaci a) and
phosphate buffer saline was added after the cation exchange step, and the
nononeri c anti body peak was collected. 4. digosaccharide Analysis

[0308] A i gosacchari des were enzymatiggal |y rel eased fromthe antibodies in
sol ution by PNGaseF di gestion as described in Exanple 1. Use of

EndoRl ycosi dase H di Resti on of PNGaseF-rel eased oligosazcharides for the
assi Rnment  of Bybidigh Hia38AE Rk Ahian BARGHE cHALsLAE rdobtbM aRSCche MALDI / TOE- M5
neutral okosagfBady de Peaks e Se released ol gosacchari des
wer e subsequentTy digested with Endogl ycosi dase H (EC 3.2.1.96) as

descri bed,ik, Exa 1. | -Ms5 10310 npl.es containjng the enzymatic
di gest s 38*11?& ni @Iﬁﬂéd]’sgﬁggggj[%l‘fﬁ%%&?&%&?ﬁ’&e‘s = Oéanﬁ?e"ﬂg‘r ed for and
subsequent | y pETRES0A CRRE EXHDONy-dyPiddsiqnebton ntickr coataine @sbinpeint i n Exanpl e 1.

5. Cell Preparation and Isolation 1] Peripheral bl ood nonucl ear cells
(PBMC) were p?etsalf)tg%cgogeﬁesF’Wgsﬁns?%speg%uﬁe?%ﬁ' |anrtré’ll e%gﬁrgs%gtcs Inc., St.
Loui s, M)6317&ldsA)to foblaincankah @f etmenthrtahddy chrdueosomsally fistegrated thes i nst ruct i ons
and the prot Oﬁ@le@@f&eHopﬁlqu 810:%%@4 tﬁenjzcreened for recombinant antibody

production vsing an ELISA assay. Briefly, 24 hours post electroporation, viable

cells were counted and the transfection efficiency was determined by counting

) fluorescent cells of a parallel, control 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° 5x 10% and 1 x 107
cells per well) and incubated at 37°C uatil clones could be identified. Once the
clones had grown to almost confluent, the supernatants were analysed by ELISA
for antibody production. ELISA positive clones wexe expanded first to 24-well
and subsequently to 6-well plates, and then to T25 flasks. After five days of
growth in T25 flasks, the final antibody titer was determined using an ELISA
assay. Using this electroporation and selection procedure & C2B8 anti-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 GnTII-fusion

[0219] The clone BHK-1502-28, constitutively expressing anti-CD20
monoclonal antibody genes and the neomycin resistance gene, was transfected
with the pETR1537 expression vector by electroporation. pETR1537 is a vector
for constitutive expression of the ManIl-GotIll gene and a truncated form of
human CD¥, the later IRES-dependently expressed. The vector also contains a
puromycin-resistance pene expression cassette. Puromyein-resistant clones were
first selected to obtain a set of clones that had chromosomally integrated the

pBTR1537 vector DNA. Clones were then screened for surface expression of



-116- 6. NK cell isolation [0312] Human NK cells were isolated from PBMC
applying a negative selection procedure as described in Exanple 1. 7. ADCC
Assay [03131PBMC as effector cells were prepared as descri bed above and
assayed for their ability to nmediate cytotcodcity in an Anti body Dependent
Cellular Cytotoxicity (ADCC) Assay as described in Exanple |I. 8.

FcgammaRDI A bi nding on NK cells [0314] The bi nding of FcganmaRDI A on freshly
i solated NK cells and the binding of FcgammaREt h was determ ned as
described in Exanple 1. 9. Conpl enedt dependent cytotoxicity assay

[ 0315] Conpl enent dependent cytotoxicity assays were performed using

anti body dilutions according to the nethod described in Exanple 1, with the
fol | owi ng nodinicaiedCD4 {tGDE), vilinh sprvespasreainickom forfexpiessionUemehofctbepl enent sour ce.

Briefly, no ﬂF@aﬁ {&ﬁ) NPS d heal t hy
vol unt eers. ”ﬁhls{? ooé‘ﬁﬁ was al | owed toplg %ﬁ R%%egﬁodmo then centrifuged

at 1200 g fopromhplavﬁtheWMB@QDIBSW&SG@@M&MMA%aMm was al i quot ed and
stored afgyz0 80C. MRy YRR 1439 Fectle IAOY GRS idehr R wAF Sy VRIcHiRy - Resul ts and

Di scussi on
transfection with a EYFP expression vector was performed in parallel.

Transfection efficiency was detenmined afier 24 hours by counting cells
expressing BEYFP over total cells. 58% of all cells were expressing EYFP. Cell
viability was of 91%. One day after transfection, cells transfected with
PETR1537 or pEYPP were serially diluted at 1:100, 1:500, 1:1000 and 1:5000
) dilutions and seeded in 96-well plates, in a final volume of 0.2m] of selection
medivm (Tnvitrus, 10% FCS, 20 ug/ml puromyein, 1 mg/ml neomyein). Clones
were visible after two weeks. They were expanded and screened for tuncated-
~ CD4 (tCD4) expression and antibody expression.

[0221] For the screening of tCD4 expression level, épproximately 500,000 ceils
were washed with FACS buffer and incubated with 5 pl of FITC anti-human CD4
(Becton Dicldnson, Switzerland) for 20 min on ice. After two washes cells were
resuspended in 0.5 ml FACS buffer and analyzed with a FACS (Figure 17A-B).
A clone with a good expression level of tCD4 was isolated (BHK-1502-28-11).
After 5 days of growth in a T25 flask, it produced about anti-CD20 antibody at a
fina] titer of 17 pg/ml, as determined by ELISA.

4, Production and purification of unmodified and glycoengineered
anfibodies

Harvesting of culture medium

[0222] In the case of BHK cells transfected with an antibody expression vector or
co-transfected with an antibody expression vector plus a GnTIII-fusion
expression vector, the culture supernatant was harvested after culturing the
transfected cells for 96 h post transfection. Depending on the expected
productivity, several electroporations (10-15) were done for the same vector.

[0223] In the case of HEK293-EBNA cells transfected with an antibody

expression vector or co-transfected with an expression vector plis a GoTHI-



10316] A ycoengi neered versions of an anti-CD20 chinmeric I1gGl anti body (C2BS8 -
chineric anti body, also known as rituxi mab) were produced by cotransfecting
cultures of manmalian cells with vectors for expression of antibody genes
and with vectors for expression of genes encodi ng pol ypeptides with Cuall
activity and rnannosi dasell An additional glycoengi neexed anti body -117-
version is also made by co-transfecting cultures of mammalian cells with
vectors for expression of antibody genes and with vectors for expression of
genes encodi ng pol ypeptides with GuLEl activity, mannosidaseli activity,
and Cnill| activity. For gjycoengi neered antibody "Cbrt", cells were
co-transfected with two plasm ds, one for antibody expression (pETR1520),

one for fusi fcGRpkksiqOlNRE fid Gewe rREREShaTeflied B 3k culfor gl ycoengi neer ed
anti body "Cn',. cells wer ﬁll%g-tansf ected w tg&%hr ee_pl asnj ds, one for
|

anti body exprelun@rroxinaeRnlsheys posiHrnsiestion ding lteRedite ¥a Y Pept i de expr essi on
(PE11(1519) , havash beme:d &mmgmmﬁssl 'f&&aeeﬂslfor@ﬁ&&esfﬂiocmné.pCLF9¥- Forl glyc g

engi neer nti " e C e co-transfected w our plasrnids,
one for @ﬂf‘fbodygﬁﬁféﬁﬁgpgﬁ‘%ﬂéﬁi&gﬁ%6 t‘“fe(’i"ras?effgflﬁtﬁb@f’?i fi pol ypeptide
expressi on (Bl HYpemotag hi0éstedand dsb@das ealute viep ke sei @nsitypCLF9) , and one
for Gifll expressien all | . .unnodlfi.ed (non-gl ycoengi neer ed)

ver si on of tﬁ% 1273 Q#?ﬁ@#m%&ﬁépﬂw%?%%#ﬁed by transfecting mamual i an
cells only with the vector for antibody gene expression. The transfected
cell's were kgRhodsbubidadity € for five days and the secreted, reconbinant

anti bodies were purified fromthe culture nmedium Expression of genes

encodi ng pol ypeptides with OnTITE and Manl|l activity did not have any
si gni fi dea:s] ef f eMonaniongladntibodyy aas pririfipd frore lchlhuges omperhatant using iWoody pr oducti on,

relative to I su yl L Fans r gj ycosi dase

pol ypepti des%{%@%;’a{?ﬁg&%gﬁ% ?tg%f a?]{’]"‘i g%%?%@ c\?v%sﬁsgéat é}fgﬁﬁ%ﬁla yzed for their
gl ycosyl at i othrquatagepkysing hpls-eradiantieltiai tet effeciively stgateienboyle widi gosacchari des
attached onl wxgeﬁ.neﬁgwm@m&e%;ﬁb&ﬁg@g@%&ﬁ%gﬁ@m@ gn. The

ol i gosacchari des Wwere enzynmati ca renmoved from anti bodi es by FNGaseF

di gesti on an®kchpagssbeymals il q Bhowphate Yulferpd s3ling MBS TOF- MS. Using this
technique, it is possible to determne the fraction of different

ol i gosaccl aari de species within the total, original Fc-oligosaccharide
popul ation, and it is also possible to assign structures to different peaks
in the spectra (Gmand)ligbsacebhridetAnalis ur e Bi ot echnot 17:176- 180(1999)).

[ 0318] Fi gure 26 shows the neutral oligosaccharide MALDYTOF-MS profile from
t he unnodi fied, reconbjngnt OB8 anti-CD20 chinmeric 1gGlL anti body Cwmt. As
for the IWAbdi f i QEosrchaien Vo evrBeicaly leawd fgwdhy prteRASHAYe 1, Figure 5,
Owmt  -118- hpdGael fipita, with (@ QamReRebdigaithdr Ghunbkllizedioh A Pvedks at nmz ratios
of 1485, 1648 and 1810 bei ng consistent with biantennary,

cor e-f i r cosyPHPEE EFFPIR ol i gosaccharides with 0, 1- and 2-gal act ose

r esi duedp227gs pec The sbutingkdiggstrre domepntafnirightbe etthiel) otigosprchrdides ng cel | s by

expr essi on of..a . aci.d i I usi.on. ol ypepti de,
wherg the oni el g kA RUTAR RS sl SE T bl e YT

| ocal i zat i onwilloBadol Elaebsitese tphier tor soplet ireparation fom MALPBHAMSCbrt) where the
majority of iEC- ol i gosacchari des were bisected, non-fucosylated hybrid
(see Figure 27). As described in Exanple 1, endogl ycosi dase H (EndoH) was
used to confirmthe assignment of bisected non-fucosyl ated and bi sected,
hybri d strucOligees:ciafidd faleasd iriefhed RAFVDY meabancimaiobilieedamtibodieobser ved i n t he
MALDI profiles. [0319] Engi neering of the anti body-producing cells by
co-expression of a nucleic acid encoding a Manll-GiTDl fusion pol ypeptide,

wher e t HB228] VE(  dae el of aP6cislglate made withal VREGmmebilop BMilliRers: Gol gi

l'ocal i zat i ONpElFHRIVassERReE) Hstftirile GeRGlee EHRPHONImMBRII addgt t O t he
production of an anti bodyBéSCn) where the mgjority of the

Fc- ol i gosacchaq wessdratay thropghsthe PYRE megiany peng agararpisdiPdhe (see Figure 28).
Engi neeri ng phidsdnaiubl Ql¥irdd QRNDoHEBARl, MalicHa@uOXPeg8pFon of a nucleic
acid encoding a Manti-GnTl E fusion pol Xpeptl de, where the Gant catalytic
domain is |o@aml>rz@awwafaihﬁ@thmﬁwewﬁgﬁ0 mbefavater Jibe WhllsyeFatb®®  a nucl ei ¢ acid
encodi ng Maall and a nucleic acid encoding CnTlll, |eads to the production
of an anti body (Crg) where the majority of the Fc-oligosaccharides are

bi sect ed, nonfucosyl ated conplex, with a fraction of bisected,

non-fucosyl ated conpl ex Pc-attached ol i gosaccharides even higher than that
of anti body Cm




[ 0320] Fi gure 29 shows data denonstrating increased anti body-dependent
cellular cytotndcity (ADCC) resulting fromexpression in the

ant i body-producing cells of a nucleic acid encoding a Manl|-Cmlrl1ll fusion
pol ypepti de, where the GhTDl1 catalytic domain is |localized via the Mann

Gol gi localization domain, where the Manli-GnT111-encoding nucleic acid is
expressed either on its own (antibody Cbrt) O co-expressed in the antibody
producing cells together with a nucleic acid encoding Mann (Cm. Therefore,
increasing the |evel of bisected, ngg-fucosylated oligosaccharides of
either the hybrid or conplex type in the Fc region of the glycoengi neered
anti bodies |l eads to increased ADCC activity. -119- [0321] Natural killer
(NK) cells ar BRI i j APEC se cells carry
on their surfgr(a:%1 t he %?%?%tbﬁgtﬁggﬁ%@%?ng, alpgz)alﬁ'nom as CDl6a.
Bi ndi ng of t hBeteenr38¢fi0 g antibpdyt #wre loadaddiet welkdohtaining del IR EN boflires, to

oo SRR PSRRIl R 10,

i nportant to tealcodhtase whesubienunthyweshed fréceamith Woi KM peffetuT®d by t he net hods

described here tq Pc.r.e tors, in rticular..to recept in the native
formin whi chmtdﬁcﬁmﬁﬂﬁ%lﬂﬁf‘%rﬁ?ﬁléésevfaf@gﬁwe{g%F dmc?f‘s"[gﬁgﬁ t°§é-ﬁ%‘f Fi gure 30
denonstrat es titdsthreitol REM ghdiewbaidn atg7POBel BS produced by expression in the

ant i body ucin ells of .a nucleic acid.,encodi fuysi.on pol ypepti de
ot on BBt o helSngssiond Aven et BSBa Wl et ) "or
co-expressed kdlutioh drofmIthd WE Thew €l h@tegashiad| thrge fif@a+ithe300\ whteld nucl ei ¢ aci d
encodi ng Mann have, i ncreased. bi ndi.n ffinity.to the human activating
Fc r g)cept or Fgg%ﬁﬁmg%“%@’ﬁwegwé%%%&?gy@%ﬁer?ﬂ@%&ﬁ“@‘“&“&‘:says, t hese
anti bodi es haygeplionsdsiedsmedtic hopdia REMHuffed asdiatudeljionarterh epatinaired
ol i gosacchari %??%E&B result fromthe expression in the antibody-produci ng
8

cell's of the Mheptide with GnTMactivity. (0322] Therefore,
i ncr easi ni2zihe | evdter ofrbddysethylatibn, the nvdily cesy dhavedvithl vagosmewhaxi des of

either the hybrid or. co X t.ype .i he Fc t.eql of .the gl yco engineered
anti bodi es | eg'ﬁ)geq%m lﬁ?’ﬂ'@#‘g‘ja@’eea&*%&{hggbﬁsﬁt?ﬁf%e eglé)ﬁngwgssed inthis
assay were fr eiehblocked) @ypreventadsgptiad of fe edidogllcosidss, by ticutesing @l t he
FcgarnmaRl i ¢ receptor on.thei K_cell e D. et al..J. |mmunot

Met hods 258( 19% ﬁ%@?@%‘s 5(03%6’13#P%@?ng@yﬁ%?@ﬂpﬁenESm%&f@ or on the
surface of thase Delbtlskihsrehdeat waatthenatmaved bic gatlredebio\folleweptsor . (0323] The
bi ndi ng domai rtlmof tﬁle 'ahgé?v:ilti ng FcgammaRI OB receptor is al nost identical
to that of the Ecgarn A ¥¥ferefore, the above data al so indicates that
gl ycoengi #2¥j ed arif{ildedblipssademtdes vem rdi@sed by additioaafl2.5 mU paptideased ef f ect or
functions nedi i i h RBI B, such as
pol yr nor phonuﬁ%%gswkg% t%#ﬁ%%%ﬁ%%’ﬁgﬁérlgggg’ g‘?ﬁﬁgéﬁ%ﬁﬁr oducts and
phagocyt osi s Eiatkéds¢ | (GUEKOantovdear @A), Co Gruiove Ray Opiewtial Hbamgedh| . 40( 1) : 25- 35

(2001), Dacro h . é% . '%%%-lgﬁ%g@g vetch, J.V. and
Bol | and S. An%ﬁ?&%gv&Pgm%ﬁﬁg’\ﬁiag: -9(53(05%%'%) . - 120- 91%%@1@”, an

anti - CD20 ant Clgsshipnpreoptuiometdifer 3detuk gt 38Hgi neered for expression of the

nucl ei c acid encoding a fusion polypeptide with CnDl activity and

| ocalized to th via the Man]] | 8al i zation domain was tested al so
for conpl enent2lgesas JEdgrelegss methogfgrimtibodies ip solutiop

Sic oy B SVEFS - erent effector function that is
not dependent on Pc receptors on i mune effector cells. The vast majority
of the ol acchag] ' ' i e of bisected
hybri d noﬁ?%@osylg%%ﬂ£ﬁy%%g%g@%ﬁ%gﬁs%ﬁﬁggggggﬁ?v&&gggo §g¥§id for the Cort
ant i body conpd@kip, Us.Ahe 2o Bas, PH BYinafind volupe GR6 midEelyes,end3y . For sone

appl i cations i i i i ed ADCC but with reduced CM. may be
desi rabl e, fo?gékgﬁg#gé?%$€£%%§g{@?gé effects, such as vasculitis in the

bl ood vessels at the tunor site, nmediated by CM. O her significant

CML- nedi at ed  3js¢l6f B @b dabaM @i fastion o HNRESFSEl edsad oliBiabchRO foant | body t her apy
(van der Kol k iHeaksignfikntaf hybif bisket Eharkdb St eS0 MAIIDITROONF ) . However, it
i S possibl e t@eabslidcacdiidepemgi neered anti bodies with increased ADCC
activity and FcgammaRDI bi ndi ng, but w thout significantly reducing CWM.
activity relative to the unnodified anti body, as in the case of antibody Cm
(Figure 31). Such antibodi es would be desirable for applications where

maxi mal target cell elimnation requires both high ADCC and hi gh conpl enent
activation and CML activity. The oligosaccharide profiles described above
show that is possible to engineer cells to produce anti bodi es where a
majority of the Pc-attached oligosaccharides are of the bisected,

non- f ucosyl ated conpl ex type instead of hybrid type by co-expressing the
GnTI LI fusion pol ypeptide together with a nucleic acid encoding Maril




-121- catal yzed reactions. Reconbi nant gl ycoproteins produced by such

engi neered host cells have increased | evels of non-fucosyl ated

ol i gosaccharide,s. This exanpl e denonstrates that co-expression in such
host cells of nucleic acids encoding Manll and/or CnTll together with the
above fii sion-pol ypeptide encoding nucleic acids, |leads to an increase in
the biosynthetic flux towards conpl ex instead of hybrid oligosaccharides
and therefore to the synthesis of glycoproteins with increased |evels

of non-fucosyl at ed conpl ex ol i gosa. cgharides relative to glycoproteins
produced in cells not co-expressing the Mann- and/or GnTlI-encodi ng nucl eic
aci ds. EXAMPLE 6 Over expressi on of a-Mannosi dase Ml ecul ar cl oning Human

PN | g, L g e rol of (e NPSV
" al " under ontrol of the
pronot er, Sﬂﬂg?%wgﬁd%ﬁﬁéééﬁﬁ&é’%#’é@eﬁﬁls%m]éﬁﬁﬁéﬁ M oiP el enent.
The resul ti nQRtechlarsaﬁ&mma)\Ame mm@}&@mﬁs@mﬁd (hritibédygh Ecﬂut?ﬂf\h Thet o0
expressi on vectors.co r e_li and heavy in o e anti -

nonocl onal ad?ﬁ%ﬂd?° d@@f”@@?@ éﬁ%ﬁ%ﬁ? ﬁﬁfgﬁ %5 (Figures 328
and _32tc_) : Fu?h?aatwfeﬁfﬂ:lo&rs Mgmd dﬂ@adﬁrciéaé??%l&ﬁféut@_ wace@mioedf amn(et i SEQID 110: 20) ,
consisting o e n... an . C [ 0 n o e human p

1, 4- gal act osfFﬁ“S‘&W\%/ff'g? ﬁ‘é‘g[’lﬁsﬁ/ﬁ%gfgﬂs’ﬁlﬁﬁ%ﬁgg E‘f"g‘g’ iszn%]“%@ﬂmm constructed as
descri bed bel®ly digetelipdviinhdse arld Epst BidRpe/ i aikWoherdak ehpiiy tfgeR f r om pETR1484
(CF33, OABZS(% EE% ca tal%ﬁg qw%%:n of Gal T (am no acids 126-397) was
anplified usi 6 & %ﬁ? pBlueGl T. The hManl 1 CTS was conbi ned
with the catalytic domain of Gal T to obtain a fusion protein controlled by
t he MPSV prong@kpﬁﬂggﬁg@hhﬂﬂmeoﬁﬁ@ whol e Gal T gene was obt ai ned from
pBl ueGal T. The gene codi ng was sequenced (SEQ I D NO 16):
MRLREPLLSGSAAMP GAS LQRACRLLVAV CALHLGVTLVYYLAGRDLSR LP QLVG VSTPLQGGSNS
AAAI G5 12G#H1 RTGGARPRERhMEAIi 8P RIPGIEBIY Be released oligosaccharides were

Bl VAKGNPNVK VISR UL | RABTE PR R A A e @

VLQRQQLDYG Y\fionsgricitivn FiNSIEM, M G epulisDyily PaFadrigmigh 0.6 mi of cation

DLI PMNDBNAYRGESGERRH T
| NGEPNNYWGWGCEDD) FNRL@ENRGNBElE %Rtpé ﬁ\% M RHg%JIEéO mesh, BioRad,
NEPNPQRFDRI AHRzaimdriee s inty eviarieemin pinopsigppebyregiumn (BioRad,

Switzerland) to remove cations and proteins. One microhter of the resulting

sample was applied to a stainfess stee] target plate, and mixed on the plate with 1
pl of sDHB matrix. sSDHB matrix was prepared by dissolving 2 mg of 2,5-
dihydroxybenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 ml of
ethanol/10 mM aqueous sodium chloride 1:1 (v/v). The samples were air dried,
0.2 pl ethanol was applied, and the samples were finally allowed to re-crystallize

under air,

MALDI/TOF-MS

[0235] The MALDI-TOF mass spectrometer used to acguire the mass spectra
was a Voyager Elite (Perspective Biosystems). The instrument was operated in
the linear configuration, with an acceleration of 20kV and 80 us delay. External
calibration nsing oligosaccharide standards was used for mass assignment of the
ions. The spectra from 200 Jaser shots were summed to obtain the final spectrum.



[0328] The 5 of Gl T was anplified with CF32/ CF38 and a Fsel reebiction
site was added in front of the gene. The sequence was found correct by
sequenci ng and exchanged in pCLF24 by Fsel/Dralll digestion (pCLF26). The
Oi P was added to pCLF24 and pelLF26 to generate respectively pCLF25 and
pCLF27 (Figures 33A and 338). Expression of a-Mannosidase and Manll-GI T in
BEE 293- EBNA cel |l s [03291HEK 293-EBNA cells were transfected with the

cal ci um phosphate nmethod. Briefly, fmthe transfection of a 1150, 15
mllion cells were seeded 24 hours pgfore transfection in 28 m DVEM 10%
FCS, 250 p.g/mL neomycin and incubated at 37C, 5% CO2 overni ght. [0330] For
each T150 flask to be transfected, a solution of DNA, CaC 2 and water was
prepared by m xi ng, 94 pp¢ Pegdatigh asm d vector DNA, 469 p.1 of a 1M CaCl2
solution, and adding water to a final volume of 93 ppi. To this solution,

938 pi of OnmM HEPES O, mWNaCl, 1.5 | 21-204sol.ution at pH 7.05 was
added an&m%‘ﬂ?ed i ??P@E?%lté c)’/d f SPO%éé%ecgﬁsah@&@?Feﬁeop rgqaﬁeﬁduséug room
t enper at ur e fHistof@usHY7 (Jipgma disgoestiss bw., WaLodis| MOSAL 7R TBA24bdn1  of DVEM

suppl ement ed i %.E n d e T1 i I f the existing
medi um The C@;%@éﬁg%ﬁéy f%gl%%cg‘% rgt{'ngt&'tcg?ns'%%,Qeﬂg%}d%iﬁ&o‘?mabout 17 to 20
hours, and t hiekemydiuhepanaiged syphgze Edmwonhte@Owhd wlvEMed k0% KCS. [ 0331] For
testing the azNap i : ffec - %tlutaf far.ase conpetition,
the cells were t(gﬁgpggt&gé‘{ !v’u‘digfﬁr’%ﬁﬁﬁhe%’%?’ﬁgfg?i anlgj.j%é%EQ at a ratio of
2:2:1 respect ne - 0P EISGHY -er $omt acell s were
(NFolinthe tingd. Thin hlopd masgifutprt 1. B-h3 WishARS roheontainingd
transfected wiNg RERRISARHIAGERLAAS7. Ak RRnFoR clriBedadtion xgf 21 2: 1

respectively. At day 5 post-transfection, supernatant was,6 harvested,
centrifuged f&F3Gmigiifoor tempesafugetRY) Witpyt Sreals- The nferplirsorratal@i&t r i f ugati on for
10 m')ln- at | 400fe PBMC sl doRéced @ﬂdvalﬁﬁlﬂtwiﬁtPB%QSD Bugief E&J@tﬂoﬁﬂtv.?f gn]gi - CD20 .
nonocl onal anti ho 332 e ocl.onal ant.i was ri.fie rom 30
of super nat an@‘g?%w].‘} ﬁ?@gﬁ?eﬂ %M?gifﬁggﬁ%aﬁéﬁ“a Protein A
chr omat ogr aphigsuspensisrefathiapetict wich PES) el KM wartidobaelyankirvasheie cow anti body
D SNt { NSy LOLLOWES, Do, &30S 1ARS 5 DR WRLO0T aPhY. to
then resuspended in the appropriate medinm for the subsequent procedures.

7. NK Cell Isolation

[0237] Human NK cells were isolated from PBMC applying a negative selection
procedure using magnetic beads not binding to CD16- and CD56-positive cells
(MACS system from Miltenyi Biotec GmbH, 51429 Bergisch Gladbach, GER).

', PBMC were washed once in ice-cold MACS buffer (PBS containing 2% FCS and
2 mM EDTA), resuspended at 20 Mio cells per ml of a 1:1 mixture of FCS and
MACS buffer and incubated for 10 min at 4°C. The cells were then pelleted and
resupended in 80 pl per 10 million cells with MACS buffer containing 10% FCS.
Then 20 pl Hapten-antibody solution per 10 million cells were added, The cells
were incubated for 10 runutes 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 miltion cells per 80
wl 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



A i gosacchar| de anal ysis PNGaseF di gesti on [0333] The nonocl onal anti body
sanple (50 p.g) was incubated with NN dycosi dase F (reconbi nant, Roche,
Switzerland) at 0.1 mJ gl. The digestion was perforned in 2mM Tris, pH7.0
buffer for 3 hours at 37C. The rel eased neutral oligosacclaarides were then
I ncubat ed at 150raM acetic acid for 3 hours at roomtenperature. The

sanpl es were then desalted with 0.6 nml cation exchange resin (AGOW X8
resin, hydrogen form 100-200 nmesh, BioRad, Hercules, CA) packed into a

m cro bio-spin chromatography col unige(Bi oRad, Hercul es, CA). EndoH

di gestion [0334] The PNGaseF rel eased ol i gosaccharides were digested with
Endogl ycosi dase H (EC 3.2.1.96, ROCHE, Switzerland), an enzyne cl eaving

bet ween the Nsaﬁﬁwi@Hﬁﬁ&%ﬁ@hs&dsﬁﬂmcgtol&mﬁmmmae%gore of N-linked
-124- oligosaccharides, prior to acetic acid treatnent. The enzynme w ||

cl eave Egon- | MMSWWCQWWtWIWW%W Thervelmasvag onpl ex t ype

ol i gosacchari %&e@mw&mbmh%m&drheé%m @ﬁ&m&e des were
digested with 0.2 m .|/ pl Endogl yco%ﬁ/]ﬁase |n2 Tris .0. The

di gestion is ﬁ@kfﬁ%@%ﬁé‘oﬂ CI‘EY'#ZHSS‘? GaliSsP“HFhé? @F%’@S@abﬁcﬁgﬁ des were

I ncubat ed 3 haiyrdsQoWisRRRERisls5e,at 150 mM acetic acid, and subsequently
desalted with 0.6 nml cation exchange resin (AGOW X8 resi n, hydrogen form
100- 200 nmesh, BioRad, Switzerland) packed into a mcro biospin

chr omat ogr aphy colum ABCEResehy Swit zerl and). Matri x and sanpl e preparation
[ 0336] The 2, 5-di hydroxybenzoic acid matrix (sDEB) was prepared by

[0238) PBMC or NK as effector cells were prepared as described above. The
effector to target ratio was 25:1 and 10:1 for PBMC and NK cells, respectively.

The effector cells were prepared in AIM-V medium at the appropriate
concentration in order to add 50 ul per well of round bottom 96 well plates.
Target cells for C2B8 antibodies were SKW6.4 or Namalwa B lymphoma cells
grown in DMEM containing 10% FCS. Target cells were washed in PBS,
counted and resuspended in ATM-V at 0.3 million per ml in order to add 30'000
cells in 100 pl per microwell. Antibodies were diluted in ATM-V, added in 50 pl
to the pre-plated target cells and allowed to bind to the targets for 10 minutes at
RT. Then the effector cells were added and the plate was incubated for 4 hours at
37°C in 2 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,
Swiizerland). 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 Vinax values of the color reaction were determined in an ELIS A reader
at 490 nm for at least 1.0 min using SOFTmax PRO software (Molecular Devices,
Sunnyvale, CA94089, USA). Spontancous LDH release was measured from wells
containing only target and effector cells but no antibodies. Maximal release was
determined from wells containing only target cells and 1% Triton X-100.
Percentage of specific antibody-mediated killing was caleulated as follows: ((x —
SR)Y/(MR — SR)Y*100, where x is the mean of Vmax at a specific antibody



di ssolving 2 ng of 2,5-di hydroxybenzoic acid + 0.1 ng of 5-nethoxysalicylic
acidin 1 m of ethanol/10 mM aqueous sodiumchloride 1;1 (v/v). 1 pl of
sanple was applied to a stainless steel target, and 1 pl of sDFIB matrix
was m xed. The sanples were air-dried and 0.2 pl ethanol was applied.
MALDI / TOF anal ysis [03371The MALDI - TOF nmass spectroneter used to acquire
the mass spectra was a Voyager Elite (Perspective Biosystens) equi pped with
del ayed extraction. The instrunment was operated in the reflector node.
Positive ions were accelerated to 2®-kV after 75 ns delay. Five spectra of
40 shots (200 shots) were conbined to obtain the final spectrum Externa
cal i bration using oligosaccharide standards was used for mass assignnent of
the ions. QO icaowaicatibm SRéghqmeah pf Vandx0 8B 83pehtancotsirejerspand VR is the profile of the

anti-CD20 antj bhg SHagG i fefigePr €sence of Mann is shown in Figure 34.
The ol i gosacchar ?%\gg&?oun%grg%cﬂaf'ed to the Fc portion of the antibody are

conpl ex structures, 48% of which |ack the core Noose. The a- Mannosi dase |1

conpetes with thegcor gfRITASHUNE 3NNERE@ESE, generating 48% of
non- fucosyl ated ol i gosaccharide structures. In the absence of -125-

a- Ivannosi(;@hg e |l ’F%PJ?)% Q&Ltg@@fce%a‘g&gg&ﬁgggq%ﬁ,ﬁ?jﬁo%g?g@ﬁ%n t he anti body

are conposed only acosy tructur I body). [0339] The
ol i gosacchar i meirepiedvith @035 (vifvolh eetic-acibaoiutinni(i45aa NaCbdmdeHBCln t he presence

of the fusioreps6f 6 RedWaf: 3Lz (8 bdisks aSR0WRenddrabk O § itz Bo AS for

aMannosi dase 11, also in the case of the fusion protein Manl T-Gal T, the

amount of norrePREAYyteltasacinrd Bl foctins Mol Brmmelt 162348 (Ri0Pases. A high
?rGrlr ceg;ggmﬁzlnontgm%iéélﬁmﬁdﬁﬁw &g@?s,?g%%%o.bmﬁdﬁ&dgm@mse structures
z : an . To thi 0 non_fucaosyl atc ugars, an
a1 D) onal 309 GRS ARIHIB Syt Gt St AR 03 Ay E01Bund (1 nk 1622)
Theref ore, t hedisamnpidey odo'cets wee iltebapdeatng @.100.3) hes, losigen protein
Ivlann-Gl T sh al nost 0% o cosylated structures. Biol ogical
bt ity of SRS FUIPORUEE: A el B Leh 8t " S ont dase | T or
fusi on prot ei atibddn| bindzad Twds034&el Nhprif@bating &th e1:pjonlubbgeial f ect of the
action of ct-Minnosidase Il .an nll-Gal T.enzyme . in the conpetition of the
core-fucosyl t¥ ggygqaeécgguga&devgﬁ{)v%bi &Y gi@&% a%@we ®XPBr f or med., The
sanpl es wer e InesheREafearch, WestiiovepP A)und baihencie PDAGRREt St $ xilGlr cytotoxicity
(ADCC) and for . bindjing.to th .CD%Q)?'{ﬂee.tor S on the surface of an
engi neer ed l%éhcyhfr%ﬁ%gc?,ag@lig?o A ?01:&111\1&5 a?m ?Sine?t%R. etatl.
J. Biol. Chem. 277(30):26733-26740 (2002)).
[0241] The fluorescence intensity referring to the bound antibody variaats was
determined for CD56+ cells on a FACSCalibur (BD Bioscience, San Jose, CA).

10.  FegammaRIDb binding on Raji lymphoma cells

[0242] Raji B-cell human lymphoma cells were washed 20 min at 37°C in PBS
(concentration 0.3 Mio cells/mi). Cells were then resuspended at 2.22 million
cells/ml in PBS, 0.1% BSA, 0.01% NaN3s, and 180 pl added per FACS tube,
Ten-fold antibody dilutions (0, 0.1, 0.3, 1, 3, 10, 30 pg/ml) of L19-unmodified
and L19 glycoengineered monoclonal antibodies were added to the Raji cells and
incubated at 4°C for 30 min (final cells concentration 2 million cells/ml). After
two washes, 1:200 of fluorescein isothiocyanate-conjugated F(ab’); goat anti-
human JgG (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% BSA4, 0.01% NaNj and the fluorescence intensity referring to the



| aG bi ndi ng on CHO 1708-37 [0341] The cell line CEO 1708-37 expressed on its
surface the FcyRU A. receptor (CD 16) and the y chain of the FcyRl

receptor. The expression of the FcyRDI A receptor (0)16) was assessed by
PACS anal ysis using the 3G3-FI TC nonocl onal antibody (Figure 36). The

CHO 1708-37 cells were incubated at 1 Mo/l in PBS, 0.1%BSA with different
anti body variants, at different concentrations (10, 3, 1, 0.3, 0.1 Rm)
and in triplicates. The cells were incubated for 30 ntin at 4C and
subsequent |y washed with PBS, 0.1%9SA. Anti body binding was detected by

i ncubating with 1: 200 fluorescein -126- isothiocyanate-conjugated F(ab')2
goat anti-human 1gG (Jackson | nununoReasearch, West (3rove, PA) for 30 mn
at 4C. The f ool esibedyoaridntsves SdtdnyineddnePAICS Galibor (BD@id3cienog] Sant i body vari ants
was det erm ned [ i bur (BD Bi oscience, San Jose, CA) gating living
cells. The fg?ﬁe’gﬁv]\})gogrhg%?%%dy variants were included in the binding assay
experinment: Om8 (wild type 1) Maul (cc-Mannosidase I1) (0342] The anti body

produced in the pnesenggifhentd &gg&g{@ﬁ@@alssag,l\/ani) bi nds to the FcyRI Cl A
receptor with higher affinity than the wil'd type antibodies.. In vitro

Ant i body: endent ot pdei denA [ 0343] Peripheral bl ood nucl ear cells
ey Py ol A it 1B e A e S
oui s, vi a0 aiillibcdlip pér if. 3034 edllis | plat welhid urer's
instructions. In ief v os.liood was t ake '\;h'h Linized syringes
from vol ont e&P% 6"‘3@@}'&?&%&’8@1’ PG STPY m Wlaﬁ‘g’g&/\er in order to
i ncrease t he 5p@rto thatalycimibodigtwereallowdd|td bind wate cally il I0)mimiteszhe bl ood. The
bl ood was diluted 1.0 75-1.3 with PBS nat, ¢ ai ni.n or. My and | ayered
ot ot rE, VSN e
room t enper atdilutet 3-folE)wi i 2 i c ni ng e was
col l ected an hed . with PBS (50n er L1s fro wo gr.adi ents) and

e pellet w ol amda mplaeoond ti ne by
centrifugatiqn at 2009, for .10.m . the | s were then resuspended in
t he appropri 5?‘5“3%‘8‘?8%&93?1"3@@@38@%’&%%@%%& (53 [ 0344] The Raji target
cel I s weild44lashedltienssBHates vertimubaridor s8N d6ting of @MW 10% FCS, 1%
G utamax at ]detMnﬁneH %{/ d@suﬂﬂﬁﬁ?&eﬁse éﬂt‘:]f@,oﬂlg %iafé? ngre\égﬁrifuged at

300 x g for 3 min. 50 pl supernatant per well were transferred to anew 96 well

plate and 50 pl of the assay reagent from the Cytdtoxicity Kit (Roche) were
added. A kinetic measurement with the ELISA reader determined the Vmax
corresponding with LDH concentration in the supematant. Maximal release was
determined by incubating the cells in presence of 1% Trition X-100,

) Results and Discussion

[0245] Glycoengineered versions of an enti-CD20 chimeric IgG1 antibody
(C2B8 chimeric antibody, also known as rituximab) were produced by co-
transfecting culiures of mammalian cells with vectors for expression of antibody
genes and with vectors for expression of genes encoding various polypeptides
with GaTII activity. Anunmodified (non-glycoengineered) version of the same
antibody was produced by transfecting mammalian cells only with the vector for
antibody gene expression. The transfected cells were kept in culture for at least
three days and the secreted, recombinant antibodies were purified from the
culture medium by Protein A affinity chromatography. Expression of genes



added and cells were incubated for 30 mn at 37C. Cells were then washed in
PBS, counted and resuspended in AIMV at 0.3 MMper mM. O this cell -127-
suspensi on, 100 pl were added per well of a round bottom 96 well plate.
Anti bodies were diluted in AIMYV, added in 50 ul to the preplated target
cells and allowed to bind to the targets for 10 Si at RT. PBMC as effector
cells were prepared as described above. The effector to target ratio was
25:1. The effector cells were prepared at 15 Mo per m in AIlMV nedi um and

50 pl were added per well. The pl at82was incubated for 4 hours at 37Cin a
hum fied atnosphere containing 5% CO2. Cells were washed twi ce in PBS and
200 pl of borate solution were added. Killing of target cells was assessed

by measuri ng toeediegpolypéptidesaith GuE aptivity did npidaveany agnifisanteffesian wi t h t he borate
sol ution (FI . BEANSa: romwel |l s
cont ai ni ng on e@@%a&#x&%%%@?@t or g%l@ge%%tﬁveﬁ%&g%ﬁgggﬁ%g Maxi mal

rel ease was deckpipseies.r om wel | s containing only target cells and 1%

Triton X-dfdg; Peragot ( g{miﬁoegeg ivje}ecth@ﬁ'éxﬁ%g%ﬂ%%fgﬁ%s lia%iclﬁi ng was

calculated as follows: SR/(NFR-S _ e mean of Vmax
at a speci fi cpaitamp-b&espe anhediest camy Nokebpigoscehpadesatiashest onliripx of t he

spont aneous 1 ke eRitloME: bk BOTERNcAl, VIRXRbsskdgdiRyleml rel ease.
EXAMPLE 7 Use of @ ycoengi neered Antj - R_Monocl onal Anti body to Treat

Psoriasis [O03%Yriiicly waeredntem qptibedise by BNGaser digester eREAEd with a
gl ycoengi neer afscatidatty ankisk3Bp MOC DVTOE- MO ThR iRt Rdyeed ispeamdldi ng to the

reChos of g oDl bR oPREL Ut LG DN Caes el
CoMpl ot o oS panEa. LS BLM Sved o 2he EXAVPLE B Loool Glyspengt neered
Anm) - Er bB2 I\/Bﬁ’oc %?%13 ea‘%n'f]%g'os 7 ﬂ}’?%‘% %ZF ‘!% g BEnL (780N

180(1999)).

[0247) Figure 1 shows the neutral oligosaccharide MALDI/TOF-MS profiles

from the recombinant C2B8 anti-CD20 chimeric 1gG1 antibody produced in

BHK cells. These cells were transfected with eniibody expression vector

pETR1502. Figures 2 to 4 show the conresponding profiles for the same antibody

produced by BHE cells engineered with micleic acids encoding polypeptides with

GnTII activity. The profile in Figure 2 results from the use of a nucleic acid

encoding wild-type GnTIII expressed from vector pPETR1166. The profile in

Figure 3 results from the use of a nucleic acid encoding a fusion polypeptide

comprising at the N-terminus the localization domain of GnTI fused to the C-

) terminal catalytic domain of GnTHIL. This fusion gene was expressed from vector
pETR1425. The profile in Figure 4 results from the use of a nuclcic acid
encoding a fusion polypeptide comprising at the N-terminus the localization
domain of Golgi a-mannosidasell (Manil) fused to the catalytic domain of
GoTIO. This fusion gene was expressed from vector pPETR1506.

[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, I- and 2-
galactose residues, respectively. Similar profiles are found for the Fe-region
oligosaccharides of non-enginecred IgG1 antibodies produced in other standard
mamimnalian, industrial cell lines such as CHO and mouse myeloma cells (Lifely,



of Metastatic Prostate Cancer, Metastatic Breast Cancer, Metastatic

Col orectal Cancer, and Stage Dib or IV Non-Small Cell Lung Cancer.

[ 0347] R auMAb2C4 is a full-length, humani zed nonocl onal anti body (produced
in CHO cells) directed agai nst ErbB2. RhuMab 2C4 bl ocks the associ ated of
ErbB2 with other ErbB fain ily nenbers thereby inhibiting intracellul ar
signaling through the ErbB pat hway. RhuMAb 2C4 not only inhibits the growh
of ErbB2 overexpressing tunmors but al so bl ocks growth of tunors that

requi re ErbB |Iiganddependent signal-fhg. [0348] A gl ycoengi neered form of
RhuMAb 2C4 made by the nethods of the present invention can be used as a
single agent for treatnent of hornone-refractory (androgen independent)
prost at e cancdR. patl, aFlp@piclvet 481 H832c(19458a sEngmaaringrof plat andibddy, net astatic
col orectal capcer. Lents _and pati.ent ki h sta l.l t.h, or_ 1V non-smal |
cell lung ca c%cﬁ!f’m ‘|t§)lf’§e1?:‘:§yfclgcgrésfS PWP‘?‘LdéW%@ng\o%%%dﬁ%%gﬁ%%wﬁﬁdnm 2C4 is

adm ni st er.ed fuetsylatod ooustxybifotedharyelidobagcharides (Be. \2) tithgpeaweiakE at 2 or 4

ng/ kg, respecti Vv il 46H - i . anti body is
supplied as aMrlf)usl%t ?/618%32%1 ﬁ“?%ddﬁga’?@%%ﬁﬁ%‘gﬁ%ﬁ“t%&nﬁﬁ ??’Pg;gﬁd’a concentration
of 20 ng, / nlL fueosyintghenligoserbarider nakorfpund] 0648 lunmpdified etitolpar t hat t he

nventf on Mg e, HLAGK LESELRLDSIMGE LR 88.Ral isthabkadescri bed in the

foregoi ng description and exanples. "Nunerou ications and variations
of the presentcedingafinTbinBildusinapsiypripdds, whare i GoBHI cetifaticdomei® t eachi ngs and,

therefore, argoMiit v thd6n13 GeREIoAizAibLIARREANAaShANTR biseddd350] The entire
di scl osure of all B,ubl i cations (incl udi g at ent__applicati ons,

. ng patents, r
journal arti cfoE®lex piglennatySHgospeahnrgys oot é‘?m/&rlﬁﬁ?t%'gis%ﬁtﬁhﬁent s) cited
f11erA eldg ﬁrg Penehw%ve@feraa@étameﬁﬂmme_eﬁ'ﬂngﬂseﬁaenﬂ-d;aﬂnl_ fusihRhasi S cl ai med is:
: thod for producing, a eptide Jn a . an, ast, or insect
host cel |, coftdi By HE® mgb‘secpeg’a?‘/yné'ﬁ‘f"fﬁ?t?dr]Q“dgb‘ﬁeﬁ'%)%bﬁﬁ ,Sm?)/‘ﬁ’ées?t , or insect
host cel |l engicaearciie popaxprsas peaks witkagi oH1t84,NMeco,cidzé adl W7&ncodi ng a
gl ycosyl transf gr.ase ,havi a- Mannosi e bl _acti.vi nder conditions which
RS R el See (R0 HESC 2he BB bR

permt the productrton r n&?’oup consi sting
of a whol e anfucdsgetyd aml Beealed, hybnd strettuse dopulfsr fengiria tepmpatitorg fdrusi on prot ei n

whorei n-sai d S ERaRR B Al kel Vongch BRI ABRRy RAZIETDS! POU T
expressed in eehdindewdn ad{ij thesndogendus core dil Hyfucokdirapbeges@ErGélgr i des in the Fc
region of sai g pol vReRtl (%8 QIG5 G, SALIMOSE ofighenldhs
modified with a bisecting GlcNAc added viaa GnTDi—cataJyzed reaction, these
three other enzymes can no longer act to modify the bisected oligosaccharides.
Therefore blocking action of Manll by addition of the bisecting GlcNAc also
effectively blocks GnTIl, since GnTII acts downstream of ManTl in the N-linked
) oligosaccharide biosynthetic pathway, The peaks at m/z 1664 and 1826 are non-
fucosylated, whereas the peaks at m/z 1810 and 1973 are fucosylated. EndoH
glycosidase digestion, which can distinguish between hybrid and complex
oligosaccharides (Fig. 8A), was used to confirm that the increase in these peaks is

due to an increase in the proportion of Fe-attached bisected, non-fucosylated and
bisected, hybrid oligosaccharides (see below).

[0249] In contrast to the other GnTII activity-encoding nucleic acids used here,
engineering of the antibody-producing cells by expression of a nucleic acid
encoding a ManII-GnTIH fusion polypeptide (SEQ IDNQ:14), where the GrTI
catalytic domain is localized via the ManHl Golgi localization domain, leads
mainly to bisected, non-fitcosylated and bisected, hybrid structures (note peaks at




b. isolating said pol ypeptide produced by said host cell. 2. A nethod
according to claim1l, wherein said polypeptide produced by said host cel
has increased effector function as a result of said nodification. 3. A

met hod according to claim2, wherein said increased effector function is

I ncreased Fc-nedi ated cellular cytotoxicity. 4. A nethod according to claim
2, wherein said increased effector function is increased binding to NK
cells. 5. A method according to claim 2, wherein said increased effector
function in increased binding to nagsr ophages. 6. A nethod according to claim
2, wherein said increased effector function is increased binding to

pol ynor phonucl ear cells. 7. A nmethod according to claim?2, wherein said

i ncreased ef f&cices 15101824 ad 1073 in Fipr $aJhetefienmblatioe tb thewaldagyt es. 8. A net hod

accor i 10 ool & ud SHEU AUty SA0 BPR6L,51L0E e bl 00 15 1 e eased
GnTII fusion was more efficient in the synthesis of Fc-attached bisected, non-
fucosylated and bisected, hybrid oligosaccharides (compare the proportions of
peaks with m/z of 1664 and 1810 relative to the {otal between Figs. 2, 3 and 4).
The proportions of the bisected, non-fucosylated Fc-oligosaccharides resuiting
from the expression of the nucleic acids encoding wild-type GnTIN, the GnTI-
GnTOI fusion and the ManII-GaTII fusion were approximately 4, 13, and 33%,
respectively. No bisected oligosaccharides were detected in the unmodified (non-
engineered) antibody.

[0250] Increasing the expression of the ManII-GnTII fusion construct in the
antibody-producing cells led to further increases in the proportion of bisected,
non-fucosylated oligosaccharides. This was demonsirated by expressing the
ManII-GnTII construct from a vector (PETR1519) with an OriP for episomal
zeplication in transfected HEK293-EBNA cells. This expression system is
kuown to lead to high levels of expression, and was also used for expression of
the antibody genes from vector pETR1520. The oligosaccharide profile from the
purified, namodified (non-glycoengineered) antibody expressed at high levelsin
this systemn 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 antibody producing cells
with the nucleic acid encoding the ManJI-GnTIII fusion expressed at higher
levels in this system led to the production of antibodies where the majority of the
Fe-oligosaccharides were bisected, non-fucosylated (see Figure 6, where
tisected, non-fucosylated hybrid oligosaccharide peaks at m/z 1664 and 1826
together constitute over 90% of the total oligosaccharides).

[0251] As mentioned above, endoglycosidase H (EndoH] was used to confirm
the assignment of bisected non-fucosylated and bisected, hybrid structures to the
different oligosaccharide peaks observed in the MALDI profiles. The
MALDIUTOF-MS neutral oligosaccharide profiles of PNGaseF- and of



9. A nmethod according to claim2, wherein said increased effector function
I's increased dendritic cell maturation. 10. A nethod according to claim 2,
wherein said increased effector function is increased T cell primng. 11.A
met hod according to claim1l, wherein said pol ypeptide produced by said host
cell exhibits increased Fc receptor binding as a result of said

nodi fication. 12. A nethod according to claim 11, wherein said Fc receptor

is Fey activating receptor. - 130 - 13. A nmethod according to claim
11, wherein said Pc receptor is Fcyf-11A receptor. 14. A met hod
according to claim1l1, wherein said host cell is a CHOcell, a BFIK cell, a

NSO cell, a SP2/0 cell, a YO nyeloma cell, a P3X63 nouse nyel oma cell, a
PER cel | or aPNiyde¢H+Eadail-digdsted glycans deriél frofn sednhia@ib28ekimedd lgGlt o cl ai m 1,

wherein said epti.de . pro by, sai d host ge nti - CD20

ant i body. &%’%’f@’. %Rd}’lr%efj h@d%@% d|¥1rllsg géyﬁoegg'ﬁeeﬁﬁ Ly m&%ﬁsai d anti-CD20
anti body is |dECkraE8n, areshowniﬂFigurA?!Thﬂmaldatamfztﬁerm@em@nécpmm 1, wherein
sai d polypept&gelﬂgggn%ﬁgmg )pan t CFeﬁdﬁéﬂéQq”F ifreric anti - human

renal cell carcinona a an
fucosylated complex, non-bisected. ‘I'he dlfferent structures show the same m/z

ratio due to the same monosaccharide composition (Figure §B).

[0252] The digestion of the PNGaseP-released glycans with Endoglycosidase H
generates new structures, with the major peak being shifted from m/z 1664 to
1460 (Figure 7B). The difference corresponds to the mass of a GlcNAc residue.

) As mentioned above, EndoH cannot 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} Other 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 GIcNAc residue)
residue from the m/z 1810 peak penerates a structure of w/z 1460. Atm/z 1502,
disappearance of this peak by EndoH digestion (GleNAc residue eliminated) and
the appearance of a peak at m/z 1298, demonstrate that the 1502 peak can be
assigned to a non-fucosylated hybrid bisected type. At 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-
fiacosylated hybrid bisected type, was digested by EndoH. This generated a
stmcture 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
m/z 1689 (complex bisected) was not affected by EndoH digestion, as expected.
In synthesis, from the data obiained in Table 1, we conclude that 88% of the
oligosacchande structures carry a bisecting GlcNAc, 60% of which are non-
_ fucosylated hybrid bisected structures, 22% fucosylated hybrid bisected and 6%
fucosylated complex bisected oligosaccharide structures.



18. A nmethod according to claim1, wherein said host cel

at

anti body fragment,

the Pc region of an imunogl obulin.

18, wherein said at

ant i body,

the chineric anti-human rena

the chineric anti-human col on,

ant i body I NG
362284,

1,

cel |

f

| east one transfected nucleic acid encoding an anti body nol ecul e,
or a fusion protein that

urther conprises
an

i ncludes a region equivalent to

19. A method according to claim

ant

| east one transfected nucleic acid encodes an anti-CD20
the chimeric anti-human neur obl ast oma nonocl onal
car ci noma nonocl ona

anti body chCE7,
i body ch@&50,

| ungfé- and breast carci noma nonocl onal

tunor antibody A33,

t he humani zed anti human 17- 1A anti gen nonocl onal
t he humani zed anti - human col orecta
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bisected (3%)

Mass belances (in mo) fraction ir %6):
d) Peaks at m/z 1502 and 1647: 7 + 7% = 14% (expected). EndoR digestion for both
peaks generates m/z 1298 {obtained 13% after EndoH}
b) Peaks atm/z 1664 and 1810: 49+ 13 % = 62%. EndoH generates m/z 1480 (obtained
60%)
c) Peaks at mfz 1826 and 1972: 4+ 3% = 7%. EndoH generates m/z 1622 (7%)

Summary.

bearing a bisecting

QleNAe:

Total relative pereentage of structures

$8%

Non-fucosylated hybrid bisected: 60%
Pucosylated hybrid bisected:
Fucosylated complex bisected:

D%
6%



30. A nethod according to claim21l, wherein at | east 35% of the

ol i gosaccharides in the Fe region of said pol ypeptide are nonfucosyl at ed.
31. A nethod according to claim 21, wherein at |east 40% of the

ol i gosaccharides in the Fe region of said polypeptide are nonfucosyl at ed.
32. A nethod according to claim21, wherein at |east 45% of the

ol i gosaccharides in the Fe region of said pol ypeptide are nonfucosyl at ed.
33. A nethod according to claim?21l, wherein at | east 48% of the

ol i gosaccharides in the Fe region ofg7sai d pol ypepti de are nonfucosyl at ed.
SEQUENCE LI STI NG <110> d ycArt Bi ot echnol ogy AG Umana, Pabl o Bruenker,
Peter Ferrara, Cl audia Suter, Tobias <120> Fusion Constructs and Use of

Same to Homdjice Anni Qodl amtaVrid 1 B EPARGImRGoREEe bRl oBGatNg Affinity and
Ef fector Function <130> 1975 518RCDA <150> US 60/ 441, 307 <151> 2003-01-22
<150> US 60/ 49¢ressiop and the particular localization domain that is used to target the GnTII

catalytic domain to the Golgi, influence the competition for GaTI-modified
oligosaccharide substrates between the recombinant GnTI-catalytic domain and
the endogenous core al,6-fucosyltransferase, (Manil) and GoTII enzymes.
Higher expression of GnTIII favors it in this competition, leading to higher levels
of bisected, hybrid and bisected, non-fucosylated oligosaccharides and to a
concomitant reduction of the levels of bisected complex and bisected, fucosylated
oligosaccharides. This was also noted previously for the wild type GuTIII

) (Umana, P. et al., Nature Biotechnol. 17:176-180(1999)). Yet, in spite of leading
to similar overall levels of bisected oligosaccharides, localizing the GnTIO
catalytic domain via the GnT1 or via the Manll localization dornains led to more
effective competition, relative to the wild-type GnTII, for the GnTI-modified
oligosaccharide substrates against the endogenous core al,6-fucosyltransferase,
Manll and GnT1I enzymes.

[0255] The higher efficiency of the GaTI-GnTI fusion, compared to wild-type
GnTII, for the synthesis of bisected, hybrid and bisected, non-fucosylated
oligosaccharides can be explained by an earlier Golgi distribution, in the ¢is-to-
trans direction of glycoprotein substrate transport, of GoTI relative o GnTHI.
The fine Golgi distributions of GnTT and ManII have been determined previousty
by quantitative immunoelectron microscopy (Rabouille, C. et al, J. Cell Sci.

] 108:1617-27 (1995)). Both enzymes co-distribute along the Golgi, being
localized mainly in the medial and trans cisternae of the Golgi stack, with a
higher levels in the medial relative to the trans cisternae. The fine quantitative
spatial distributions of core at1,6-fucosyltransferase, GnTIL and wild-type GuTTIL
have not yet been determined. The above however does not explain why the
ManT-GnTHI fusion is significantly more efficient than the GnTI-GnTIII fusion
for the synthesis of hisected, hybrid and bisected, mnon-fucosylated
oligosaccharides, since both GnTT and ManIl have identical spatial distributions
along the Golgi subcompartments.

[0256] The higher efficiency of the ManII-GuTII fusion indicates the existence
of relatively organized functional glycosylation reaction subcompartments within



<151> 2003-07-31 <150> US 60/ 495, 142 <151> 2003-08-15 <160> 20 <170>
Patentln version 3.2 <210> 1 <211> 11 <212> PRT .<213> Unknown <220> <223>

c-nmyc epitope tag <400> 1 Pro Qu Gn Lys Leu Ile Ser Au GQu Asp Leu 1510
<210> 2

-08-

the physical subcompartments of the medial- and trans-Golg cisternae. The so-
called “medial-Golgi glycosylation enzymes”, GnTI, GnTII and Manl] are
believed to exist in the Golgi as high-molecular weight complexes. However, if
the localization domains aliow these enzymes to form part of these complexes,
this would be the same for the Gn'TI- and the ManJI-GnTTI fusions. Expression
of the recombinant GnTI-GnTI fusion did not lead to displacement of the
endogenous wild-type GnTI enzyme to any extent significant to the synthesis of
Fc-oligosaccharides, since all GnTIII constructs used here led to a majority of the
oligosaccharides being modified both by GnTI and GnTII reactions.

) [0257] Our data indicates that, by virtue of the Manl localization domain, a finer
functional pairing occurs between the catalytic domains of the endogenous GnTI
and the recombinant ManIlI-GnTIII fusion. Qrganized 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
diffiision of snch product away from the enzymes, is known to occur in other
biosynthetic pathways such as glycolysis and polyketide biosynthesis. GnTI and
Memll have been reported to form “kin oligomers”, at least when relocalizing one
of these enzymes to the endoplasmic reticulum (Nilsson, T. et al. EMBOJ. 13(3).
562-74 (1994)). A pair of charged amino acid residues in each of the stem
regions of these two enzymes was found to be critical for this kin recognition.
The residues in GnTI were of opposite charge to those of Manll. We have

) identified similar residues at equivalent positions of the stem regions of the other
Golgi glycosylation enzymes involved in this part of the N-linked oligosaccharide
biosynthetic pathway, namely core o},6-fucosyliransferase (same charges as
GnTl instead of complementary charges as in the case of Manll), Manl and
GnTIL We have also identified that these residues are conserved across species.
Although it has been suggested that these residues are not essential for
incorporation into the high molecular weight complexes formed by the enzymes
or even for Golgi localization (Opat, A.S. ef al. J. Biol. Chen. 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

nreversible, but can be mediated by transient, dynamic interactions between the



<211> 45 <212> DNA <213> Artificial Sequence <220> <223> GAB-177 PCR pri ner
<400> 2 gcgtgtgcct gtgacccccg cgecccctget ccagccactg tccece45 <210> 3 <211>
26 <212> DNA <213> Artificial Sequence <220> <223> GAB-178 PCR primer -2-

-99-

enzymes. There could be additional determinanis for pairing elsewhere in the
stem or catalytic region. However, any contribution to a specific GnTI-Manll
pariring from the catalytic domain of ManIl would be lost in the recombinant
fusion bearing the GnT1II catalytic domain.

[0258] Figures 9 to 11 demonstrate increased antibody-dependent cellular
cytotoxicity (ADCC) resulting from overexpression in the antibody-producing
cells of a nucleic acid encoding a polypeptide with GnTII activity that is
localized to the Golgi via different localization domains. Increased ADCC
resulting from expression of recombinant polypeptide with GnTII activity and

) localized to the Golgi via the GnTI Golgi localization domain is shown in Fig. 9.
The oligosaccharide profile of the control antibody used for the ADCC assay of
Figure 9 is shown in Fig. 1. The oligosaccharide profile of the glycoengineered
antibody used for the ADCC assay of Figure 9 is shown in Fig. 3. Increased
ADCC resulting from expression of recombinant polypeptide with GnTill
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 GnTTIL
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 GnTIII polypeptide
with its own GnTII Golgi localization domain. The oligosaccharide profile of the
antibody glycoengineered by expression of wild-type GnTIII and used for the
ADCC assay of Figure 11, is shown in Fig. 2. The oligosaccharide profile of the
glycoengineered by expression of the fusion polypeptide with GnTIII activity,
localized to the Golgi via the Manl] localization dornain, and used for the ADCC
assay of Figure 11, is shown in Fig. 4. These data also show that antibodies with .
bisected oligosaccharides, including bisected, hybrid and bisected, non-
fucosylated oligosaccharides, have increased ADCC activity compared to
antibodies with complex, fiicosylated, non-bisected oligosaccharides. It should
be noted that all of the bisected oligosaccharides of the mnore active antibody used



<210> 4 <211> 43 <212> DNA <213> Artificial Sequence <220> <223> GAB-179
PCR prinmer <400> 4 ctgaggcgcg ccgccaccat gctgaagaag cagtctgcag ggc43 <210>
5 <211> 48 <212> DNA <213> Artificial Sequence <220> <223> GAB-180 PCR
primer c400> 5

-100-

in the ADCC sssay of Fig. 10 are bisected, non-fucosylated hybrid
oligosaccharides. As mentioned previously, use of the fusion polypeptide with
GnTII activity and localized to the Golgi via the ManIl localization domain leads
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 popnlation, and large increases are seen when
) this fraction is higher than 15 to 20%.

[0260] Natural killer (NK) cells are known to be important mediators of ADCC.
These cells carry on their surface the activating Fegamma receptor ITA, also
known as CD16a. Binding of the Fc region, of the target-cell bound antibodies,
to FcgammaRTHA receptors on NK cells is essential for crosslinking of these
receptors on the NK. cell and subsequent induction of ADCC. Therefore it is
important to evaluate the binding of the antibodies produced by the methods
described here to Fc receptors, in particular to receptors in the native form i
which the human immune effector cells display them. Figure 12 demonstrates
that glycoengineered antibodies produced by expression in the antibody
producing cells of a nucleic acid encoding a fusion polypeptide with GnTII
activity 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 antibody-producing ceils 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 FcgammaRIle receptor on their NK cells
(Metes, D. ef al. J. Immunol. Methods 258(1-2):85-95 (2001)). Therefore the
only Fc receptor on the surface of these cells is the activating FegammaRIOA
receptor. Fig. 13 shows that the binding assay measures specific binding affinity
to this receptor. This is shown by competition with a FcgammaRIII-specific
blocking antibody fragment (3G8 Fab2-fragment).



ggggacagt g gct ggagcag gggcgcgggg gt cacaggca cacgcggc48 <210> 6 <211> 50
<212> DNA <213> Artificial Sequence <220> <223> *GAB- 252 PCR priner <400> 6

gct aggccgg ccgccaccat gaagttaagc cgccagttca ccgtgttcggs50 <210> 7 <211> 65
<212> DNA <213> Artificial Sequence <220> <223> GAB- 253 PCR pri ner

-101-

[0261) Strong evidence of the impact of enhanced Fc-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 FcgammaRITIA 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 FecgammaRIITA-Fc interactions
can be derived from the functions carried out by various types of immune cells,
including natural killer (NX)) cells, macrophages, monocytes and dendritic cells.

) Crosslinking of the activating FcgammaRIIIA receptor on NK cells, macrophages
and monocytes can lead to turnor cell lysis by ADCC (widely believed to be the
prime FcR-dependent killing mechanism in vivo)(Maloney, D.G. et al. Semin.
Oncol. 29(1 Suppl. 2):2-9 (2002), Amigorena 8., 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. Crit Rev Oncol
Hematol. 40(1):25-35(2001)) and to cytokine release in the vicinity of tumor cells
(Carsor, W.E. et al. Eur. J. Immunol. 31:3016-3025(2001)). These cytokines can
in tum lead to direct cytotoxic effects on tumor cells, to anti-angiogenic effects
which inhibit tumor growth bir deprivation of oxygen and nufrients, and to
enhanced tumor antigen presentation as part of an active T-cell mediated immune
response against tumor cells. Dendritic cells are crucial for antigen presentation

] to T-cells, and cross-linking of FegammaRIIIA 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 eytotoxic T-cells, the later being a potentially very efficient
mechanism to activate anti-tumor immunity (Amigorena S., J. Exp. Med.
195(1):F1-3 (2002), Kalergis, AM. and Ravetch, IV. J Exp. Med
195(12):1653-1659(2002), Selenko, N. e. al. J. Cln. 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 kiiling of the target cells,
for example via apoptosis induced by antibody-mediated cross-linking of the
target-antigen molecules (Reff, M.E. and Heard, C. Crit Rev Oncol Hematol.



<400> 7 ggggacagtg gctggagcag gggtgagcca gcaccttggc tgaaattgct ttgtgaactt60
ttcggb65 <210> 8 <211> 66 <212> DNA <213> Artificial Sequence <220> <223>
GAB- 254 PCR primer -3- gtocce66 <210> 9 <211> 29 <212> DNA

-102-

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 activating FogammaRTI] is present
together with the inhibitory FegammaRTIb 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 FegemmaRTIb. Such selectivityis
important for effector fumctions carried out by immune cells other than NK cells,

J as explained above. Moreover, the increases in binding achieved by
glycoengineering the Fc antibody region, using the methods described here, are
far greater thag those observed naturally for the homozygous higher-affinity
FcgammaRIOA genotype patients/donors receiving standard, unmodified
antibody (Fig. 16) and that have already been associated with increased efficacy
of anti-cancer antibodies {Cartron, G. ef al. Blood 99(3):754-8 (2002)).

[0263] The binding domain of the activating FegammaRTITB receptor is almost
identical to that of the FcgammaRIITA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to increased effector
functions mediated by effector cells displaying the FegaromaRTIB, 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, 1.V. and
Boltand S. Annu. Rev. Inmunol, 19:275-90 (2001)). .

[0264] Figure 18 shows the oligosaccharide profile of an anti-CDD20 antibody
produced from BHK cells growing in suspension and engineered for constitutive,
high-level expression of both the recombinant antibody and a fusion polypeptide
with GuTIH activity. The oligosaccharide profile shows increased levels of
bisected non-fucosylated and bisected hybrid oligosaccharides for the antibody
from the cells engineered with the fusion GnTIII (see Table 2 also). These
structures are not found in non-glycoengineered antibodies preduced by non-

glycoengineered BHK cells (see Fig. 1). The engineered cells expressing the



<213> Artificial Sequende <220> <223 GAB- 255 PCR prinmer <400> 9 atgccgcata
ggcctccgag caggacccc29 <210> 10 c211> 43 <212> DNA <213> Artificial
Sequence <22fb. <223> GAB-261 PCR priner <400> 10 gctaaatatt gaattccctt
tatgtgtaac tcttggctga ago43 <210> 11 <211> 48 4212 DNA <213> Artificial
Sequence 4220> <223> GAB- 262 PCR priner <400> 11 tagcaatatt gaattcgcag
gaaaaggaca agcagcgaaa attcacgc48

-103-

GoTII fusion exhibited nommal 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 MALDYTOF-MS.

Peak (m/z) | Relative percentage
) 1 1257 2.5%
2 1486 2.8%
3 1647 6%
4 1664 22.30 %
5 1680 25%
6 1689 4.8%
7 1705 3%
8 1810 278 %
9 1826 10 %
10 1851 75%
) 11 1972 9%
12 2012 1.75%

Total bisected: 88.6% (4+5+6+7+8+9+10+11+12)
Total non-fucosylated bisected: 37.8% (4+5+7+9)
Total fucosylated bisected: 50.8% (6+8+10+11+12)
Complex bisected: 17% (6+7+10+12) -

Hybrid bisected: 71.6% (4+5+8+9+11)

[0266) The oligosaccharide analysis showed that 88.6% of the structures carry &
bisecting GlcNAc residve, 50.8% are fucosylated and 37.8 % are non-
fucosylated. The digestion of the PNGaseF-released oligosaccharide with



<210> 12 <211> 1.715 <212> DNA <213> Artificial
sequence of finTl-GT/1I

Nucl eot i de
caccgtgttc
ccggggt cac
gctctcaatg
gatcatctca
gaaaagttca
ccctagcaag

ggcagt gcga
ttagact acc
tt gcaagaaa
aat att agag
caaagcaatt
gccaccgaag

tettotgtgt
ccaggaaccc
aaat agacca
act cagt cat
t cagccaagg
aact gcaccg

Sequence <220> <223>

4400> 12 atgaagttaa gccgccagtt

ggtgattttc60 tcgctctacc tgatgctgga

gcgccgecgagl20
tttggagcgt 180
caat tt gagt 240
t gct ggct ca300

gttdggact t c360

ggetcottcc
ttgctagetg
gagtctgtgg
cccectgetcc
gtgttgccgg

ct cagggcca
agaat aat ga
aggat ggt cc
agccactgtc
aggacaccac

agagtatttt gtgcgcacca aagctggcgg tgtgtgcttc420

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 FcgammaRIITA' on human NK cells. Cell lines growing in

suspension and with constitutive stable expression of both the antibody genes and

the fusion GnTII polypeptide are ideal for large-scale production of therapeutic

antibodies. Using standard cell engineering methods, the glycoengineering can

be implemented either by introducing the fusion GnTII gene into a cell line

containing the antibody genes, or by introducing the antibody genes into a cell

) line containing the fusion GaTIII gene (a “pre-glycoengineered production cell
line™), or by introducing the antibody and GrTIII fusion genes at the same time.
An anti-CD20 antibody produced in cells engineered for high level
expression of the nuclejc acid encoding a fusion polypeptide with GnTIII activity
and localized to the Golgi via the Man{I jocalization domain was tested also for
complement mediated lysis (CML), a different effector function that is not

[0267}

dependent on Fc receptors on immune effector cells. The vast majority of the
oligosaccharides of this glycoengineered antibody were of bisected hybrid non-
fucosylated type. Reduced CML activity was observed for this anti-CD20
antibody compared to the unmodified antibody (Fig. 21). For some applications
antibodies with increased ADCC but with reduced CML may be desirable, for
example to reduce side effects, such as vasculitis in the blood vessels at the tamor
] site, mediated by CML. Other significant CMI~-mediated side-effects have been
observed for anii-CD20 antibody therapy (van der Kolk L.E. et al. Br J
Haematol. 115(4):807-11 (2001)). However, the oligosaccharide profiles above
also show that is also possible to engineer the antibody producing cells to express
the GnTTI fusion polypeptide at an intermediate expression level that leads to
intermediate levels of bisected hybrid non-fucosylated oligosaccharides (higher
than 15%), but with a significant fraction of complex oligosaccharides within the
Fc oligosaccharide population of the glycoengineered antibody. Such complex
ol gosaccharidés' are associated with nommal, pot reduced, levels of CML.
Therefore the data indicates that antibodies with increased ADCC can be




aaaccaggta ccaggatgct ggagaaacct tctccagggc ggacagagga gaagaccaag480
gt ggct gagg ggtcctcggt ccggggtcct gctcggaggce ctatgcggca tgtgttgagt 540
gcacgggagc gcctgggagg ccggggcact aggcgcaagt gggttgagtg tgtgtgcct g600
ccaggct ggc acgggcccag ctgcggggtg cccactgtgg tccagtattc caacctgccc660
accaaggagc gcctggtacc cagggaggtg ccgaggcggg ttat caacgc catcaacatc720
.aaccat gagt tcgacctgct ggatgtgcgc ttccatgagc tgggcgatgt tgtggacgcc780
tttgtggtct gcgaatccaa tttcaccgcc tacggggagc ctcggccgcet caagttccga840
gagat gct ga ccaatggcac cttcgagtac at-¢@sgccaca aggtgctcta cgtcttcctg900
gaccacttcc cacctggtgg ccgtcaggac ggctggattg cagacgacta cctgcgtacc960
ttcctcaccc aggatggtgt ctcccgecctg cgcaacctgc gacctgatga cgtctttatc 1020
at cgacgacg- cggadgadiathicegytwiddehiuldadiggt girogdmilgldvels bGEML gtitigt acgat 1080
ggct ggacag agcccttcgc cttccat gt g.cqgcaagtccc tgtatggttt cttttggaag 1140
caaccaggca cagﬁlgﬁﬁfg g gt g%"&eﬁﬁ"g%%b&@%%cattga catgctgcag gctgtgtatg 1200
ggct ggacgifi2asat c cgacdegpnd goimghelyGl amigodycC226 pdsokatvgrascaaambt, thagacagt 1260
at gagaaccg cac ccac, a t agt ac _agt tct cggcagc tgcacttcg 1320
cgggctggca ct @eg%:zfsgg % tghc c%@%@m@g gggctg?torc agq%?fcg%(gﬁ\lgt g'ast gt cgg 1380
cccagaat gg t galyedenginpered gt digeg gtethodsc tesciifrd gleere aakigg @@ ashows abeaat t aca 1440
tccgaagctt ga . C ctcctg 1500
cagaccccag t gg%@%g%%d%g%%?’ g%? %%@%%mg%ggﬁg%%gﬁ%agt tcc 1560
gctacttget cgabensnperered drsoyefdusancantibetyc B latgtveagatpgored gogliyccgga 1620

accagggct ¢ aggLadaddulicels gﬁgﬂ ; : gggcc 1680
cggaacagaa actgatctct &é‘%‘ggﬁﬁ%ﬁ%ﬁaﬁg&g@ 1 %%%@Elrgf%hzﬁggg?l <212> PRT
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Glycoengineered antibodies produced by the methods described here, and having
increased ADCC and increased binding affinity to activating Fc receptors, are

promising molecules for antibody therapy of cancer and of auto-immune
diseases, since they should lead to increased efficacy, relative to the
comresponding unmodified (non-glycoengineered) version of those antibodies, for
these therapies. Additionally it should be possible to reduce the therapeutic doses
for the glycoengineered antibodies compared to the unmodified ones, and this

would positively impact the economics of antibody production.

EXAMPLE 2

Treatment of Immune-Mediated Thrombocytopenia in a Patient with Chronic
Graft-Versus-Host Disease

[0269) Autoimmune thrombocytopenia in chronic grafi-versus-host disease
represents 2n instance of B-cell dysregulation leading to clinical disease, To treat
immune-mediated thrombocytopenia in a subject with chronic graft-versus-host
disease, an anti-CD20 chimeric monoclonal antibody prepared by the methods of
the present invention and having increased ADCC is administered fo the subject
as described in Ratanatharathomn, V. er al., Ann. Intern. Med. 133(4}:275-79
(2000) (the entire contents of which is hereby incorporated by teference).
Specifically, a weekly infusion of the antibody, 375 mg/m?® is administered to the
subject for 4 weeks. The antibody therapy produces a marked depletion of B
cells in the peripheral blood and decreased levels of platelet-associated antibody.



151015 val Val Ile Phe Ser Leu Tyr Leu Met Leu Asp tag Gy H s Leu Asp
202530 Tyr Pro Arg Asn Pro Arg Arg Qu Ay Ser Phe Pro Gn Gy Gn Leu
354045 Set Met Leu Gn Qu Lys Ile Asp His Leu Qu Arg Leu Leu Ala Qu
505560 Asn Asn Qu lle lle Ser Asn Ile Arg Asp Ser Val tie Asn Leu Ser
65707580- G n Set Val Gu Asp Ay Pro Lys Set Ser At ser Asn Phe Ser Gn
85 '9095 Ay Ala Ay Ser Pro Leu Leu Gn Pro Leu Ser Pro Ser Lys Ala Thr
100105110 "flu GQu Leu Nis Arg Val Asp Pile Val Leu pro Qu Asp Thr Thr Gu
-106-

EXAMPLE 3
Treatment of Severe, Immune-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 autoimmune 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 Zecca,

M. et al., Blood 12:3995-97 (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 immunoglobulin is
mitiated. This treatment produces a marked depletion of B cells and a significant -

rise in reticulocyte count accompanied by increased kemoglobin levels.

EXAMPLE 4

Materials and Methods

1. Construction of GalT-fusion expression vectors

l Vector for constitutive expression of GalT

[0271] For construction of the GalT expression vector, GalT cDNA is amplified
from a ¢cDNA library (Clontech) by PCR, A C-terminal c-myc-epitope tag is
added immediately upstream of the stop codon of the gene (amino acid sequence:
PEQKLISEEDIL) for later, convenient detection of GalT by Westem Blots. After
confirmation of the correct sequence of GalT the gene is inserted under control of
the MPSV promoter and a synthetic rabbit beta-globin polyadenylation signal is
added. The final GalT expression vector also contains a separate puromycin

resistance cassetie for selection, with the puromycin resistance gene also under



115120125 Tyr PS Val Rig Thr Lys Ala Ay Gy Val Cys Phe Lys Pro (fly Thr
130135140 Arg Met tea Qu Lys Pro Ser Pro Ay Arg Thr Gn G n Lys Thr Lys
145150155160 Val Ala Qu Gy Ser Set Val Arg Ay Pro Ala Arg Arg Pro Met
Arg 165170175 His Val Leu Ser Ala Arg Gu Arg Leu Ay Gy Arg Ay Thr Arg
Arg 180185190 Lys Tip Val Qu Cys Val Cyst Leu Pro Ay Trp Hs Gy Pro Ser
Cys 195200205 dy Val Pro Thr Val Val Gn Tyr Ser ABU Leu Pro Thr Lys Qu
Arg 210215220 Leu Val Pro Arg Au Val Pro Arg Arg Val Ile Assn Ala Ile Asn
/1 e 225230 , 235240 -107-

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 GuTI.

[0272) The construction of this hybrid galactosyltransferase pene 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 aynino acids encoding the localization domain of GalT with
the amino acids encoding the localization domain of human mannosidase IT.

[0273] The construction of the GalT expression vector is performed. The
resulting plasmid contains the hybrid manll-GalT gene under control of the
MPSV promoter.

Combination of the hybrid ynanlT-GaiT fusion pene with the replication origin

ori? from Epstein Bapy virus,

[0274] A DNA fragment with oriP is subcloned as described in Example 1 into
the hybrid ManTI-GalT expression vector described above.

Combination of the bybrid manll-GalT fusion gene and a truncated CD4 cell-
surface marker gene

f0275] The expression vector is modified for additional expression of a truncated
CD4 cell-surface marker gene. Briefly, the hybrid manll-GalT fusion gene
expression cassette is converted from a monocistronic to a bicistronic expression
cassette by inserting, downstream of the stop codon of the manIl-GalT 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).



Asn Hs Qu Phe Asp Len Leu Asp Val Arg Phe His Qu Leu Ay Asp 245250255
Val Val Asp Ala Phe Val Val Cys Qu Bar An Pile Thr Ala Tyr Ay 260265270
Gn Pro Arg Pro Leu Lys Pile Arg Gu Met Lau Thr Asa Ay Tilt Phe 275280285
-6- flu Tyr Ile Arg Hs Lys Val Leu Tyr Val Phe Leu Asp H's Phe Pro
290295300 Pro Ay Ay Arg Gn Asp Ay Trp Ile Ala Asp Asp Tyr lieu Arg Thr
305310315320 Phe Leu Thr G n Asp Gy Val Ser Arg Leu Arg Asn Lieu Arg Pro
Asp 325330335 Asp Val Phe Ile Ile Asp Asp Ala Anp Gu Ile Pro Ala Arg Asp

Ay -108-

3. Transfection of mammalian cells with GalT-fusion- and antibody-
expression vectors

Transfection of BHK cells

0276} Exponentially growing cells (viability 90-95 %) are cultured, harvested
and subsequently 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 for fusion GalT polypeptide expression,
at aratio of 3:1, respectively.

Transfection of HEE293-EBNA cells

[0277] Exponentially growing HEK293-EBNA cells are transfected as described
in Example 1. For the production ofthe glycoengineered antibodies, the cells are
co-transfected with two plasmids, one for antibody expression and the other of
fusion GalT polypeptide expression, at aratio of'4:1, respectively. At day5 post-
transfection, supernatant is harvested, centrifoged for 5 min at 1200 rpm,
followed by a second centrifugation for 10 min at 4000 rpm and kept at 4°C.

Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a GalT-fusion

[0278] The clope BHEK-1502-28, consﬁ_tuﬁvely expressing anti-CD20
monoclonal antibody genes and the neomycin resistance gene, is transfected with
the expression vector by electroporation. The vector allows for constitutive
expression of the ManII-GalT gene and a truncated form of human CD4, the
latter IRES-dependently expressed, The vector also contains a puromycin-
resistance gene expression cassette. Puromycin-resistant clones are first selecied
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 Man[I-GalT+tCD4 gene
expression unit. Recombinant antibody production of the selected clones is
verified using an ELISA assay.



340345350 Val Leu Phe Len Lys Leu Tyr Asp 'fly Trp Thr Gu Pro Phe Al a Phe
355360365 Hi's Met My Lys Set Leu Tyr Gy Phe Phe Tip Lys Gn Pro Ay Thr
370375380 Leu Au Val Val Sec Ay Cyo Thr Ile Asp Met lieu Gn Ala Val Tyr
385390395400 Ay Leu Asp Ay Ile Arg Leu Arg Arg Arg G n Tyr Tyr Thr Met
Pro 405410415 Asn Phe Arg G n Tyr GQu Asa Arg Thr Gy His Ile Leu Val Gn
Trp 420425430 Ser Leu Gy Set Pro Leu Hs Phe Ala Ay Trp H's Cys Ser Trp
Cys 435440445 Phe Thr Pro Gu Gy Ile Tyr Phe Lys Len Val Ser Ala A n Azn
dy 450455460 -109-

[06279] Transfection and subsequent screening of tCD4 expression level is carried

out as described in Example 1.

4, Production and purification of unmodified and glycoengineered
antibodies

[0280] In the case of BHK cells transfected with an antibody 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 transfected with an antibody
expression vector or co-transfected with an expression vector plus a8 GalT-fusion
expression vector, the culture medium is replaced by fresh culture medivm
approximately 16 hours post-iransfection and the Jater medium is then harvested
after culturing the transfected cells for a farther 120 hours.

[0282] For the stable BHK-1502-28-11 cell line, a culture is seeded at 500,000
cells/ml and supematant harvested after 4 days of culture.

Antibody purification

[0283] Monoclonal antibody is purified from culture supernatant using two
sequential chromatographic steps, Protein A chromatography end cation
exchange chromatography as described in Bxample 1.

3. Oligosaccharide Analysis

[0284] Oligosaccharides are enzymatically released from the antibodies by
PNGaseF digestion, with the antibodies being either immobilized on a PVDF
membrane or in solution.

[0285]. The resulting digest solution containing the released oligosaccharides are
either prepared directly for MALDI/TOF-MS analysis or are further digested with
EndoH glycosidase prior to sample preparation for MALDY/TOF-MS analysis.



Asp Phe Pro Arg Trp Ay Asp Tyr Gu Asp Lys Arg Asp Leu Asn Tyr
465470475480 Ile Arg Ser ten Ile Arg Thr Ay Ay Ttp the Asp Ay Thr Gn
G n 485490495 A u Tyr Pro Pro Ala Asp Pro Sec Gu His Met Tyr Ala Pro Lys
Tyr 500S0sS510 lieu Leu Lys Asn Tyr Asp G n Phe Arg Tyr Lieu Leu Qu Asn Pro
Tyr 515520525 -7- 530535540 Asp Ay Arg Ser Ser Ala Val Arg Ay Lys Lea
Asp Thr Thr Au Ay 545550555560 Pro Gu Gn Lys Leu Ile Ser Qu Qu Asp
Leu 565570 <210> 14

-110-

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 oligosaccharide structures to
MALDI/TOF-MS neutral oligosaccharide peaks

[0286] The PNGase released oligosaccharides are subsequently digested with
Bndoglycosidase H (BC 3.2.1.96) as described in Example 1.

J MALDI/TOF-MS

[0287] Samples containing the enzymatic digests containing the released
oligosaccharides are prepared for and subsequently run on a MALDI/TOF mass
spectrometer as described in Example 1.

6. Cell Preparation and Isolation

[0288] Peripheral blood monopuclear 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 E)Icample 1.
8. ADCC Assay

10290] PBMC or NK as effector cells are prepared as described above and
assayed for their ability to mediate cytotoxicity in an Antibody Dependent
Celtular Cytotoxicity (ADCC) Assay as described in Example 1.



<211> 1722

sequence of Manll-G1TlI |

ct gt ggggceg
cgcccagcac
acccgggaag
ct gct gcagce
cctccecgecc
agcaaggcca
tattttgtgc
aaaccttctc

<212> DNA <213> Artificial

Sequence <220> <223> Nucl eoti de
<400> 14 at gctgaaga agcagtctgc agggcttgtg

ctatcctctt tgtggcctgg60 aatgccctge tgctcctctt cttctggacg

ct ggcaggcc accctcagtcl20 agcgctctcg
tgattcgcct ggcccaagacl80 gccgaggtgg
agat cgggga tgccct gt cg240 agccageggg
agccgcgt gt gcctgtgacc300 cccgecgeccc
ccgaagaact gcaccgggthGglgacttcgtgt
gcaccaaagc tggcggtgtg420 tgcttcaaac
cagggcggac agaggagaag480 accaaggtgg

at ggcgaccc
agct ggagcg
ggagggt gcc
t gct ccagcc
t gccggagga
caggt accag

ct gaggggtc

cgccagcectc
gcagcgt ggg
caccgcggcec
act gt cccct
caccacagag
gat gct ggag
ct cggt ccgg

ggtcctgctc

9gaggcet at rELAGGRITGHR

on Raji lymphoma cells

on NK cefls and FegammeaR b binding

10291] The binding of FcgammaRTIA on freshly isolated NK cells and the
binding of FegammaRITh on Raji lymphoma cells is determined as described in

Bxample 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.

The purified antibodies are analyzed for their glycosylation patterns by
MALDVTOF-MS as described in Example 1. Using thistechnique, it is possible

to determine the fraction of different oligosaccharide species within the total,

[0294]

original Fe-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)).

The unmodified antibody oligosaccharide profile is determined.
Specifically, it is determined if the engineering of the antibody producing cells

[0295]

by expression of wild-type GalT leads mainly to galactosylated, core-fucosylated,
complex biantennary oligosaccharides. Itis also determined if the engineering of
the antibody-producing cells by expression of a nucleic acid encoding a GnTI-
GalT fusion polypeptide, where the GalT catalytic domain is localized via the
GnTI Golgi localization domain, leads mainly to galactosylated complex
biantennary oligosaccharides relative to the wild-type GalT. If galactosylated,
noun-fucosylated and galactosylated, hybrid structures are synthesized, these may



tt gagt gcac
t gcct gccag
Gt gcccacca
aacat caacc
gacgcctttg
tt ccgagaga
ttcctggacc
cgtaccttcc
tttatcatcg
t acgat ggct
t ggaagcaac
gtgtatgggc
Cgacagtatg
cgccggaacc
accccagt ga
cttcccccge

[0296]

[0297]

[0298]

[0299]

gggagcgcect
gct ggcacgg
aggagcgcct
at gagttcga
t ggt ct gcga
t gct gaccaa
acttcccacc
t cacccagga
acgacgcgga
ggacaga gcc

cadiyel

gggaggccgg
gcccagcet gc
ggt acccagg
cct gct ggat
atccaatttc
t ggcaccttc
t ggt ggcegt
t ggt gt ct cc
cgagat ccct
cttcgecttc
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ggcact aggc

ggggt gccca
gaggtgccga

gtgcgcttcc .

accgcct acg
gagt acat cc
caggacggct
cgéetgcgcea
gcgcgtgatg
catatgc gca

gcaagt gggt tgagt gt gt g600
ctgtggtcca gtattccaac660
ggcgggttat caacgccatc720
at gagctggg cgatgttgtg780
gggagcct cg gccgct caag840
gccacaaggt gctctacgtc900
ggat tgcaga cgact acct g960
acctgcgacc tgatgacgtc 1020
gtgtgctgtt cctcaagctc 1080
a tccctgta tggtttcttt 1140

@gtam@dﬁﬁpaaﬁaﬁmawﬁgtaggct 1200

 0QREGMERE AGIGHEAQGRat 0BG GH 0Ti&hecBEHIR AREBReddMtCAACt T T 1260

cacttcgcg egtgte ccc aattacatcc cctcctgcag cagttccget
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tc act acacat gt at aaatccctac cggaaggtca gatctctgaa
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EndoH glycosidase digestion, which can distinguish between hybrid and

complex oligosaccharides is used evaluate the proportion of Fc-aitached
galactosylated, non-fucosylated and galactosylated, hybrid oligosaccharides.

Tests are carried out to determine if the engineering of the antibody-
producing cells by expression of a nucleic acid encoding a ManiIl-GalT fusion
polypeptide, where the GalT catalytic domain is localized via the ManTl Golgi
localization domain, leads mainly to galactosylated, non-ficosylated 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 Fe-attached galactosylated, non-fucosylated and
galactosylated, bybrid oligosaccharides.

As mentioned above, endoglycosidase H (EndoH) is used to confirm the
assignment of galactosylated non-fucosylated and galactosylated, hybrid
structures to the different oligosaccharide peaks observed in the MALD] profiles.
Of the oligosaccharide galactose residues that carry a galactose residue, the
percentages of those structures that are non-fucosylated hybrid structures,
fucosylated hybrid and fucosylated complex oligosaccharide structures are
determined.

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
recornbinant (GalT-catalytic domain and the endogenous core [01,6-
fucosyltransferase, Manll and GoTI enzymes is determined. The level of
antibody-dependent ceflular cytotoxicity (ADCC) resulting from overexpression
in the antibody-producing cells of 2 nucleic acid encoding a polypeptide with
(alT activity that is localized to the Golgi via different localization domains is

determined.



-8- ctagtgcagt ttcacacccg tggggtgact ggatggttcg gctcctaagt cgggagccca
tctgctgtca gaggacctgt ggtctctcgg agggcatcta acgaggacaa acggcacgca
acctgctcaa agagcactgt ggggcaagtt ag cagcccCctg 1320 cttcaaactcl380
gagggacctc 1440 gcaggagtac 1500 gaactatgac 1560 agagggtggg 1620 ggat acaacg
1680 1722 4210> 15 4211> 573 4212> PRT

-113-

[0300] It is also determined whether giycocngineered 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 FogammaRIIIA or for the inhibitory FegammaRTh.

[0301] The GalT constructs will outcompete the activity of the endogenous core
01,6-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 recombinant antibody 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

[03©3] For construction of the Maull expression vector, 8 human mannosidase IT
(SEQ ID NO:17) cDNA was subcloned into an expression vector plasmid
downstream, of the MPSV promoter and upstream of a synthetic rabbit beta-
globin polyadenylation signal. For the GnTH expression, an expression vector
plasmid is used with the human GnTII ¢cDNA subcloned downstream of the
human CMV promoter/enhancer and upsiream of a bovine growth hormone

polyadenylation signal.



4213> Artificial Sequence 4220> 4223> Am no acid sequence of Manll-GiTlI I
fusion 4400> 15 Met lieu Lys Lys G n Set Ala Ay Leu Val Leu Trp Ay Ma lle
Len 151015 Phe Val Ala Tip Asn Ala Leu leu Leu Leu Phe The Tip Thr Arg Pro
202530 Ala Pro Gy Arg Pro Pro Sex Val Ser Ala Leu Asp Gy Asp Pro Ma
354045 Ser Leu Thr Arg Au Val Ile Arg Leu Ala G n Asp Ala Qu Val Qu
505560 Lou Qu Arg Gn Arg Ay Leu leu Gn Gn lle Ay Asp Ala Leu Set
657075BO Ser Gn Arg Ay Arg Val Pro Thr Ala Ala Pro Pro Ala Gn Pro Arg
859095

114-

Combination of the expression vectors with the replication origin onP from
Epstein Barr virus.

[0304] A DNA fragment with oriP was subcloned as described in Example 1 into
the Manli expression vector described above to give Manll expression vector
pCLF9. A DNA fragment with oriP is subcloned as described in Example 1 into
the GoTII expression vector described above to give GnTI expression vector
pGnTIL

2. Transfection of HEK293-EBNA cells

P

[0305] Exponentially growing HEK293-EBNA cells were transfected as
described in Example 1. For the production of unmodified antibady “Cwt”, the
cells were transfected with antibody expression vector (pETR1520). For the
production of the glycoengineered aniibody “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
fiusion GnTIII polypeptide expression (pETR1519), and one for mannosidase I
expression (pCLF9) at a ratio of 3:1:1, respectively. For the production of the
glycoengineered antibody “Cmg”, the cells are co-fransfected with four plasmids,
one for antibody expression (pETR1520), one for fusion GnTII polypeptide
expression (pETR1519), one for mannosidase 1l expression (pCLF9), and one for
GnTI expression (pGnTT) at a ratio of 4:0.33:0.33:0.33, respectively.

3. Production and purification of unmodified and glycoengineered antibodies

[0306] The culture medium of the transfected cells above was replaced by fresh
culture medium approximately 16 hours post-transfection and the later medium
was then harvested after culturing the transfected cells for a further 120 hours.
Harvested supernatants were centrifuged for 5 min at 1200 rpm, followed by a
second centrifugation for 10 min at 4000 rpm and kept at 4°C.



Val Pro Val Thr Pro Ala Pro Leu Leu A n Pro Leu Set Pro Ser

Al a Thr

Ay Thr

Lys 100105110

GQu Qu Leu H's Arg Val Asp Phe Val Leu Pro GIIl Asp Thr 115120125
Thr G u Tyr Phe Val Arg Thr Lys Ala Gy '"fly Val Cys Phe Lys Pro 130135140

Arg Met Leu Gu Lys Pro Ser Pro Gy Arg Thr Au GQu

Lys

145150155160 Thr Lys Val Ala Au Ay Ser Ser Val Arg Ay Pro Ala Arg Arg

Pro 165170175 Net Arg His Val

Leu Ser Ala Arg Gu Arg Leu dy Gy Arg Ay

Thr 180185190 Arg Arg Lys Trp Val Gu Cys Val Cys Leu Pro Ay Tip Hs Gy
Pro 195200205 -115-

Antibody purification

{0307] Monoclonal antibodies were purified from culture supernatants using two
sequential chromatographic steps, Protein A chromatography and cation
exchange chromatography as described in Example 1. For antibodies cwit7, cbrit5,
and eml, an additional size exclusion chromatography step using a Superdex 200
columm (Awersham Pharmacia) and phosphate buffer saline was added after the

cation exchange step, and the monomeric antibody peak was collected,
4, Oligosaccharide Analysis

[0308] Qligosaccharides were enzymatically released from the entibodies in
solution by PNGaseF digestion as described in Example 1.

Use of Endoglycosidase H dipestion of PNGaseF-released oligosaccharides for
the asgignment ofhybrid bisected oligosaccharide structures to MALDI/TOF-MS
neutral oligosaccharide peaks

[0309] The PNGase released oligosaccharides were subsequently digested with
Endoglycosidase H (EC 3.2.1.96) as described in Example 1.

MALDI/TOE-MS

[0310] Samples containing the enzymatic digests containing the released
oligosaccharides were prepared for and subsequently ran on a MAT DYTOF mass
spectrometer as described in Example 1.

3. Cell Preparation and Isolation

[0311] Peripheral blood mononuclear cells (PBMC) were prepared using
Histopaque-1077 (Sigma Diagnostics Inc,, St. Louis, M063178 USA) following
essentially the manufacturer’s instructions and the protocol described in Example
1.



Ser Cys Ay Val Pro Thr Vval Val Gn Tyr Ser Ann Leu Pro Thr
GQu Arg Leu Val Pro Mg Au Val Pro Arg Arg Val Ile Asia Ala

225230235240 Asn Ile Asn Hs Gu Phe Asp Leu Leu Asp Val

Lys 210215220
Il e

Arg Phe Hs Gu

i eu 245250255 Gy Asp Val Val Asp Ala Phe Val Val Cys G n Ser Asn Phe Thr
Al a 260265270 Tyr (fly Gu Pro Arg Pro Len Lys Phe Arg G u Met Leu Thr Asn
Ay 275280285 Thr Phe Qu Tyr Ile Arg H's Lys Val Leu Tyr Val Phe lieu Asp
Eris 290295300 The Pro Pro Ay Ay Ars Gn Asp Ay Trp Ile Ala Asp Asp Tyr
Leu 305310315320 Arg Thr Phe lieu & Gn Asp Ay Val Ser Arg Leu Arg Asn

Leu Arg

6, NK cell isolation

[0312] Human NK cells were isolated 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 Examaple 1.

8. FegarnmaRTIIA binding on NK cells

[0314] The binding of FegammaRIIIA on freshly isolated NK cells and the
binding of FegammaRIb was determined as described in Example 1.

9. Complement dependent cytotoxicity assay

[0315] Complement dependent cytotoxicity assays were performed using
antibody dilutions according to the method described in Example 1, with the
following modification for the preparation of the human complement source.
Briefly, normal human serumn (NHS) was prepared from blood of healthy
volunteers. The blood was aflowed to clot for one hour and then centrifuged at
1200 g for 20 min. The cell-free supernatant serum was aliquoted and stored at -
80°C. NHS was used at 20% of final assay volume.

Results and Discussion

{0316} Glycoengineered versions of an anti-CD20 chimeric IgG1 antibody
(C2B8 chimeric antibody, alsc 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
GnTIO activity and mannosidasell. An additional glycoengineered antibody
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version is also made by co-transfecting cultures of mammalian cells with vectors
for expression of antibody genes and with vectors for expression of genes
encoding polypeptides with GnTIII activity, mannosidasell activity, and GnTI
activity. For glycoengineered antibody “Cbrt”, cells were co-transfected with
two plasmids, one for antibody expression (pETR1520), one for fusion GnTII
polypeptide expression (pETR1519). For glycoengineered antibody “Cm”, cells
were co-transfected with three plasmids, one for amtibody expression
(PETR1520), one for fusion GnTI polypeptide expression (pETR1519), and one
for mannosidase IT expression (pCLF9). For glycoengineered antibody “Cmg”,
cells are co-transfected with four plasmids, one for antibody expression
(pETR1520), one for fusion GoTII polypeptide expression (PETR1519), one for
mannosidase II expression (pCLF9), and one for GnTII expression (pGuTIIL) 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 GnTIII and Manl activity did
not have any significant effect on cell viability, cell growth or antibody
production, relative to cells not producing such glycosyltransferase or glycosidase
polypeptides.

[0317] The purified antibodies were then analyzed for their glycosylation
patterns. These antibodies carry N-linked oligosaccharides attached only to
Asn297 residue of the human IgG1 Fc region. The oligosaccharides were
enzymatically removed from antibodies by PNGaseF digestion and were
subsequently analyzed by MALDITOF-MS. Using this technique, it is possible
to determine the fraction of different oligosaccharide species within the total,
original Fc-oligosaccharide population, and itis also possible to assign structures
to different peaks in the spectra (Umana, P. ef ¢l.,, Nature Biotechnol. 17:176-
180(1999)).

[0318] Figure 26 shows the neutral oligosaccharide MALDI/TOF-MS profile
from the unmodified, recombinant C2ZB8 anti-CD20 chimeric IgG1 antibody Cwt.
As for the unmodified antibody previously described in Example 1, Figure 5, Cwt
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had a typical oligosaccharide profile, with peaks at m/z ratios of 1485, 1648 and
1810 being comsistent with biantennary, core-ficosylated, complex
oligosaccharides with 0, 1- and 2-galactose residues, respectively. Engineering
of the antibody-producing cells by expression of anucleic acid encoding 2 ManII-
GnTII fusion polypeptide, where the GnTIII catalytic domain is localized via the
Manll Golgi localization domain led to the production of an antibody (Cbrt)
where the majority of the Fe-oligosaccharides were bisected, non-fucosylated
hybrid (see Figure 27). As described in BExample 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 a nucleic
acid encoding a ManII-GnTIII fusion polypeptide, where the GnTIII catalytic
domain is localized via the Manll Golgi localization domain, and a nucleic acid
encoding Manl], led to the production of an antibody (Cm) where the majority of

_ the Fe-oligosaccharides were bisected, non-fucosylated complex (see Figure 28).
Engineering of the antibody-producing cells by co-expression of a nucleic acid
encoding a ManII-GnTIII fusion polypeptide, where the GnTIH catalytic domain
is localized via the ManIl Golgi localization domain, a nucleic acid encoding
Man]I and 2 nucleic acid encoding GnTIL, leads to the production of an antibody
(Cmg) where the majority of the Fe-oligosaccharides are bisected, non-
fucosylated complex, with a fraction of bisected, non-fucosylated complex Fc-
attached oligosaccharides even higher than that of antibody Cm.

[0320] Figure 29 shows data demonstrating increased antibody-dependent
cellular cytotoxicity (ADCC) resulting from expression in the antibody-producing
cells of a nucleic acid encoding a ManlI-GnTTII fusion polypeptide, where the
GnTII catalytic domain is localized via the Manll Golgi localization domain,
where the ManIl-GnT1ll-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 cormplex type in the Fc
region of the glycoengineered antibodies leads to increased ADCC activity.
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Natural killer (NK) cells are known to be important mediators of ADCC.
These cells carry on their surface the activating Fcgamma receptor III4, also
known as CD16a. Binding of the Fe region, of the target-cell bound antibodies,
to FogaramaRIITA receptors on NK. cells is essential for crosslinking of these
receptors on the NK cell and subsequent induction of ADCC. Therefore it is
important to evaluate the binding of the antibodies produced by the methods
described here to Fe 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 antbody
producing cells of a nucleic acid encoding a fusion polypeptide with GnTII
activity, expressed either on its own (antibody Cbrf) or co-expressed in the
antibody producing cells together with a nucleic acid encoding Magll (Cm), have
increased binding affinity to the human activating Fe receptor FegammaRTA.
As mentioned above for the ADCC assays, these antibodies have increased levels
of bisected, non-fucosylated oligosaccharides that result from the expression in
the antibedy-producing cells of the firsion polypeptide with GaTIH activity.

Therefore, increasing the level of bisected, non-fucosylated
oligosaccharides of either the hybrid or complex type in the Fc region of the
glycoengineered antibodies leads to increased ADCC activity. The NK cells used
in this assay were fiom a donor of a genotype that does not express the
FegammaRIIc receptor on their NK cells (Metes, D. et al. J. fmmumol. Methods
258(1-2):85-95 (2001)). Therefore the only Fc receptor on the surface of these
cells is the activating FegammaRTTIA receptor.

The binding domain of the activating FegammaRIIIB receptor is almost
identical to that of the FcgammaRITIA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to imcreased effector
functions mediated by effector cells displaying the FcgammaRIITB, such as
polymorphonuclear (PMN) cells, including release of toxic products and
phagocytosis ((Reff, M.E. and Heard, C. Crit Rev Oncol Hematol. 40(1):25-35
{2001), Daeron, FM. Annu. Rev. Immunol. 15:203-34 (1997), Ravetch, J.V. and
Bolland S. dnnu. Rev. Immunol. 19:275-90 (2001)).
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_Cbrt, an anti-CD20 antibody produced in cells engineered for expression
of the nucleic acid encoding a fusion polypeptide with GnTIII activity and
localized to the Golgi via the Manll localization domain was tested also for
complement mediated lysis (CML), a different effector fimction that is not
dependent on Fe 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 abserved for the Cbrt antibody
compared to the unmodified antibody Cwt (Figure 31). For some applications
antibodies with increased ADCC but with reduced CML may be desirable, for
example to reduce side effects, such as vascalitis in the blood vessels at the tumor
site, mediated by CML. Other significant CML-mediated side-effects have been
observed for anti-CD20 antibody therapy (van der Xolk 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 FegammaRIT
binding, but without significantly reducing CML activity 1elative to the
unmodified antibody, asin the case of antibody Cm (Figore 31). Such antibodies
would be desirable for applications where maximal target cell elimination
requires both high ADCC and high complement activation and CML activity.
The oligosaccharide profiles described above show that is possible to engineer
cells to produce antibodies where a majority of the Fe-attached oligosaccharides
are of the bisected, non-fucosylated complex type instead of hybrid type by co-
expressing the GnTTI fasion polypeptide together with a nucleic acid encoding
Manil (antibody Cm) or together with a nucleic acid encoding ManTl and with a
nucleic acid encoding GnTII (antibody Cmg). The glycoengineered antibodies
have increased ADCC activity and increased FegarnmaRHI binding affinity that
correlates with their increased levels of bisected non-fucosylated
oligosaccharides, while their CML activity inoreased as the fraction of complex
oligosaccharides increases 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 previoulsly modified via GnTI-
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catalyzed reactions. Recombinant glycoproteins produced by such engineered
host cells have increased levels of non-fucosylated oligossccharides. This
example demonstrates that co-expression in such host cefls of nucleic acids
encoding Manll and/or GaTII together with the above fusion-polypeptide
encoding nucleic acids, leads to an increase i 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 Manll- and/or
GnTI-encoding nucleic acids,

EXAMPLE 6

Overexpression of u-Manmnosidase
Molecular cloning

Human o-Mannosidase I
[0326] The gene coding for the human «-Mannosidase IU ("hManll*) (E.C.
3.2.1.114) (SEQ ID NO:17), under the control of the MPSV promoter, was

cloned in @n expression vector containing the OriP element. The resulting

expression vector pCLF9 is shown in Figure 32A. The expression vectors coding
for the light and heavy chain of the anti-CD20 monoclonal antibody were
respectively pETR 1842 and pETR1843 (Figures 32B and 32C),

Fusion protein Manl-GalT

[0327) A fusion protein (SEQ ID NQ:20), consisting of the MManll CTS and the
catalytic domain of the human B 1,4-galactosyltransferase (M22921, amino acids
126-397) was constructed as described below. The hManil 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
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whole GalT gene was obtained from pBlue(GalT. The gene coding for GalT was
sequenced (SEQ ID NO:16):

MRLREPLLSGSAAMPGASLQRACRLLVAVCALHLGVTLVYYLAGRDLSR
LPQLVGVSTPLQGGSNSAAATIGQSSGELRTGGARPPPPLGASSQPRPGGDS
SPVVDSGPGPASNLTSVPVPHTTALSLPACPEESPLLVGPMLIEFNMPVDL
ELVAKQNPNVEKMGGRYAPRDCVSPHKVAIIIPFRNRQEHLKYWLY YLHP
VLQRQQLDYGIY VINQAGDTIFNRAKLLNVGFQEALKDYDYTCFVESDV
DLIPMNDHNAYRCFSQPRHISVAMDKFGFSLPYVQYFGGVSALSKQQFLT
INGFPNNYWGWGGEDDDIFNRLVFRGMSBISRPNAVVGRCRMIRHSRDKEK.
NEPNPQRFDRIAHTKETMLSDGLNSLTYQVLDVQRYPLYTQITVDIGTPS

[0328] The 5’ of GalT was amplified with CF32/CF38 and a Fsel restriction site
was added in front of the gepe. The sequence was found correct by sequencing
and exchanged in pCLF24 by Fsel/Dralll digestion (pCLF26). The OniF was
added to pCLF24 and pCLF26 to generate respectively pCLF25 and pCLF27
(Figures 33A and 33B).

Expression of a-Mannosidase and ManII-GalT in HEK 293-EBNA cells

[0329] HEK 293-EBNA cells were transfected with the calcium phosphate
method. Briefly, for the transfection of a T150, 15 million cells were seeded 24
hours before transfection in 28 ml DMEM, 10% FCS, 250 pg/ml neomycin and
incubated at 37°C, 5% CO; ovemight. '

[0330] For each T150 flask to be transfected, a solution of DNA, CaCl; and
water was prepared by mixing 94 pg total plasmid vector DNA, 469 pl of a 1M
CaCl; solution, and adding water to a final volume of938pl. To this solution, 938
ulof a 50mM HEPES, 280 mM NaCl, 1.5 mM Na,FPO,solution at pH 7.05 was
added and mixed immediately for 10 sec and left to stand at room temperature for
20 sec. The suspension was diluted with 24 m! of DMEM supplemented with 2%
FCS, and added to the T150 in place of the existing medium. The cells were
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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 o-Mannosidase II effect on core-fucosyltransferase
competition, the cells were transfected with pETR 1842, pETR 1843 .and pCLF9 at
a ratio of 2:2:1 respectively. For the fusion protein ManTl-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 rpm, followed by a second centrifugation for 10 min at 4000
rpm, filtered and kept at 4°C.

Purification of anti-CD20 moneclonal antibody

[0332] The monoclonal antibody was purified from 30 ml of supernatant 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 antihody sample (50 pug) was incubated with N-
Glycosidase F (recombinant, Roche, Switzerland) at 0.1 mU/pul. The digestion
was performed in 2mM Tris, pH7.0 buffer for 3 hours at 37°C. The released
neutral oligosaccharides were then incubated at 150mdM acefic acid for 3 hours at

room temperature. The samples were then desalted with 0.6 ml cation exchange
resin (AGSOW-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
Badoglycosidase H (BC 3.2.1.96, ROCHE, Switzerland), an enzyme cleaving
between the N-acetylglucosamine residues of the chitobjose core of N-linked



<400> 17 at gaagttaa gccgccagtt caccgtgttc ggcagtgcga tcttctgtgt
ggtgattttc60 tcgctctacc tgatgctgga ccggggtcac ttagactacc ccaggaaccc
gcgccgecgagl20 ggetccttcc ctcagggcca getotcaatg ttgcaagaaa aaat agacca
tttggagcgt 180 ttgctagcet g agaat aat ga gat catctca aatattagag act cagt cat
caat tt gagt 240 gagt et gt gg aggat ggt cc gaaaagttca caaagcaatt tcagccaagg
t gct ggct ca300 catcttctgc cctcacaatt atccotctca gttgacactg cagactgtct
gtttgcttca360 caaagtggaa gteacaatto agatgtgcag atgttggatg tttacagtot
aattectett420 gacaatccag atggtggagti124t ggaagcaa ggatttgaca ttacttatga
at ct aat gaa480

oligosaccharides, prior to acetic acid treatment. The enzyme will cleave

oligomannose and most hybrid type glycans, whereas complex type

oligosaccharides are not hydrolyzed. )

[0335] The oligosaccharides were digested with 0.2 mU/ul Endoglycosydase H

in 2mM Tris, 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 mi 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 ml of ethanol/10 mM aqueous sodium chlotide 1:1 (v/v). 1 ul of
sample was applied to a stainless stee] target, and 1 pl of sDHB matrix was
mixed. The samples were air-dried and .2 pl ethanol was apphed

MALDVTOF analysis
{0337] The MALDI-TOF mass spectrometer used to acquire the mass spectra

was a Voyager Elite (Perspective Biogystems) equipped with delayed extraction,
The Instrument was operated in the reflector mode. Positive ions were accelerated
| 1o 20kV after 75 ns delay. Five spectra of 40 shots (200 shots) were combined to
obtain the final spectrum. External calibration using oligosaccharide standards

was used for mass assignment of the ions.

Qligosaccharide profile

[0338] The oligosaccharide profile of the anti-CD20 antibody produced in the
presence of Manll is shown in Figure 34. The oligosaccharides found associated
to the Fe portion of the antibody are complex structures, 48% of which lack the
core fiucose. The a-Mannosidase I competes with the core-Fucosyltransferase,

generating 48% of non-fucosylated oligosaccharide structures. Inthe absence of
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[0341] The cell line CHO-1708-37 expressed on its surface the FoyRIIA
receptor (CD16) and the y chain of the FcyRI receptor. The expression of the
FcyRITA receptor (CD16) was assessed by FACS analysis using the 3G8-FITC
monoclonal antibody (Figure 36). The CHO-1708-37 cells were incubated at 1
Mio/m! 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 wmin 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-conjugated  F(ab’); goat apti-human IpgG  (Jackson
ImmunoReasearch, West Grave, PA) for 30 min &t 4°C. The fluorescence
intensity referring to the bound antibody 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:

Cwis  (wild type 1)
Manll {(c-Meannosidase IT)

[0342} The antibody produced in the presence of a-Mannosidase II (Manll)
binds to the FeyRITIA receptor with higher affinity than the wild type antibodies..

In vitro Antibody-Dependent Cellular Cytotoxicity {ADCC)

[0343] Peripheral blood mononuclear cells (PBMC) were prepared using
Histopaque-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 torun for 1 min
at filll 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 muin 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. Afier resuspension of the pellet with
PBS the PBMC were counted and washed a second time by cenirifugation 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 AXM-V at 0.3 Mio per ml. Of this cell



tt gagt ccaa

cacattccga
Lys Leu Ser
Il e Phe Ser

Arg Asn Pro Arg Arg slit Gy Ser

10345]

[0346]

caaatgtcta tcccatgacc tgctctctge tcagtcttta tggatcgaag
act catgcaa agattacagc taatctattt aagaaaagaa gtcggtcagt at Catccagt
cattccaatg aattetctec attacagtca tacagtcaaa ggtgggcaat ggtttgattg
tcggttctct agatattggt acagaaactt tatccttgat gcattcacct tggaaatcag

<210> 18 <211, 1144 <212> PRT <213> Honp sapi ens <400> 18 Met
Arg G n Phe Thr Val Phe Ay Ser Ala lle Pile Cys 151015 Val

Leu Tyr lieu Met lieu Asp Arg Ay Hi s Leu Asp 202530 Tyr
PHZ-Pro Gn Ay Gn Leu 354045

suspension, 100 pl were added per well of a round bottom 96 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 AYM-V medium and 50 pl were added
per well. The plate was incubated for 4 hours at 37°C in a hurnified atrnosphere
containing 3% CO,. Cells were washed twice in PBS and 200 pl of borate
solution were added. Killing of target cells was assessed by measuring the calcein
released in the medium after lysis with the borate solution (FIG 37).
Sponaneocus release was measured from wells containing only target and
effector cells but no antibodies. Maximal release was determined from wells
contzining only target cells and 1% Triton X-100. Percentage of specific
antibody-mediated killing was calculated as follows: ((x —~ SRY/(MR — SR)*100,
where x is the mean of Vmax at a specific antibody concentration, SR is the mean
of Vmax of the spontaneous release and MR is the mean of Vmax of the maximat

release,

BXAMPLE 7
Use of Glycoengineered Anti-EGFR Monoclonal Antibady to Treat
Psoriasis

Human patients with psoriasis can be treated with a glycoengineered anti-
EGFR monoclonal artibody produced according to the methods of the invention.
In particular, the patient receives weekly infusions of the glycoengineered
antibody at a loading dose of 400mg/m®. Maintenance doses 0f 250 mg/ m* are
administered on a weekly basis until complete response is achieved.

Pro

Val



Ser Met Leu Gn Qu Lys Ile Asp H's Leu Qu Arg Lau lieu Ala G u 505560 M
AB11 Qu lIle Ile Ser Pan Ile Arg Asp Ser Val |Ile Asa Leu Ser 65707580 G u
Ser val Qu Asp Ay Pro Lys Ser Ser Gn Ser Ann Phe Ser 01ln 859095 dy Al a
Ay Ser His lieu Leu Pro Ser Gn Leu Ser Leu Ser Val Asp 100105110 -15-
Thr Ala Asp Cys Leu Ple Ala Ser Gn Ser Ay Ser H's Asn Ser Asp 115120125
Val G n Met Leu Asp Val Tyr Ser LeU lle Ser Phe Asp Mh Pro Asp 130135140
Gy @y Val Trp Lys Gn Gy Phe Asp Ile Thr Tyr Gu Ser Asn GQu

-128-
EXAMPLE 8

Use of Glycoengineered Anti-ErbB2 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) RhuMAb2C4 is a full-length, bumanized monoclonat antibody (produced
in CHO cells) directed against ErbB2. RhuMab 2C4 blocks the associated of
ErbB2 with other ErbB family members thereby inhibiting intrace]iular signaling
through the ErbB pathway. RhuMAD 2C4 not only inhibits the growth of EzbB2
overexpressing tumors but also blocks growth of tumors that require ErbB ligand-
dependent signaling.

[0348] A glycoengineered form of RhuMiAb 2C4 made by the methods of the
present invention can be used as a single agent for treatment of hormone-
refractory (androgen independent) prostate cancer patients, metastafic breast
cancer patients, metastatic colorectal cancer patients and patients with stage Illb
or IV non-small cell lung cancer. Specifically, the glycoengineered RhuMAb
2C4 is administered intravenously (IV) weekly or every three weeks at 2 or 4
mg/kg, respectively, until disease progression ceases. The antibody is supplied as
a multi-dose liquid formulation (20 mL filf at a concentration of 20 mg/mL or
higher concentration).

[0349] It will be clear that the invention may be practiced otherwise than as
particularly described in the foregoing description and examples. Numerous
modifications and variations of the present invention are possible in light of the
above teachings and, therefore, are within the scope of the appended claims.

[0350] The entire disclosure of all publications (including patents, patent
applications, journal articles, laboratory manuals, books, or other docurments)

cited herein are hereby incorporated by reference.



145150155160 Trp Asp Thr A u Pro Leu Gn Val Phe Val Val Pro Hs Ser H s An
165170175 Asp Pro Ay Trp Leu Lys Thr Phe Asn Asp Tyr Phe Arg Asp Lys Thr
1801 BS190 G n Tyr Ile Phe Ann Asn Net Val Leu Lys Leu Lys Qu Asp Ser Arg
195200205 Arg Lys Phe Ile Trp Ser Qu lie Ser Tyr Leu Ser Lys Tr p Trp Asp
210215220 Ile Ile Asp Ile G n Lys Lysi@sp Ala Val Lye Ser Leu Ile du Asn
225230235240 Ay Gn Leu Qu Ile Val " ™r dy fly Trp Val Met Pro Asp GQu
Al a 245250255 Thr Pro His Tyr Phe Ala Leu Ile Asp Gn Leu lle Qu Gy His

G n 260264 {9claimed is:

1. A method for producing a polypeptide in a mammalian, yeast, or insect host cell,
comprising:
a. culturing a mammalian, yeast, or insect host cell engineered to express at least

one nucleic acid encoding a glycosyltransferase having a-Mannosidase II activity under
conditions which permit the production of a polypeptide selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that includes a region
equivalent to the Fc region of an immunoglobulin, wherein said glycosyltransferase having o
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; and

b. isolating said polypeptide produced by said host cell.

2. A method according to claim 1, wherein said polypeptide produced by said host
cell has increased effector function as a result of said modification.

3. A method according to claim 2, wherein said increased effector function is
increased Fc-mediated cellular cytotoxicity.

4, A method according to claim 2, wherein said increased effector function is
increased binding to NK celis.

5. A method according to claim 2, wherein said increased effector function in
increased binding to macrophages.

6. A method according to claim 2, wherein said increased effector function is
increased binding to polymorphonuclear cells.

7. A method according to claim 2, wherein said increased effector function is
increased binding to monocytes.

8. A method according to claim 2, wherein said increased effector function is
increased direct signaling inducing apoptosis.

9. A method according to claim 2, wherein said increased effector function is
increased dendritic cell maturation.

10. A method according to claim 2, wherein said increased effector function is
increased T cell priming,.

11. A method according to claim 1, wherein said polypeptide produced by said host
cell exhibits increased Fc receptor binding as a result of said modification.

12. A method according to claim 11, wherein said Fc receptor is Fey activating
receptor.



Trp Lieu Gu Asia Asn Ile Ay Val Lys Pro Arg Ser Ay Trp Ala Ile 275280285
Asp Pro Phe Ay H's Set Pro Thr Met Ala Tyr Leu Leu Awn Arg Al a 290295300
Gy Leu. Ser Hs Met Leu Ile Gn Arg Val H's Tyr Ala Val Lys Lys
305310315320 H's Phe Ala Leu Hie Lys Thr Leu Qu Phe Phe Trp Arg G n Aen
Trp 325330335 -16- Ser Tyr Asp lle _P:i§b_His Thr Cys Ay Pro Asp Pro Lys Ile
cya cYs 355360365 G n Phe Asp Phe Lys Arg Leu Pro Ay Gy Axg Phe Ay Cys
Pro Trp 370375380 Ay Val Pro Pro Qu Thr Ile Hs Pro Ay Asn Val G n Ser
Arg Al a 13. A method according to claim 11, wherein said Fc receptor is FcyRIIIA receptor.

14. A method according to claim 1, wherein said host cell is a CHO cell, a BHK cell,
a NSO cell, a SP2/0 cell, a YO myeloma cell, a P3X63 mouse myeloma cell, a PER cell or a
hybridoma cell.

15. A method according to claim 1, wherein said polypeptide produced by said host
cell is an anti-CD20 antibody.

16. A method according to claim 1, wherein said anti-CD20 antibody is IDEC-C2B8.

17. A method according to claim 1, wherein said polypeptide produced by said host
cell is the chimeric anti-human renal cell carcinoma monocional antibody chG250.

18. A method according to claim 1, wherein said host cell further comprises at least
one transfected nucleic acid encoding an antibody molecule, an antibody fragment, or a fusion
protein that includes a region equivalent to the Fe region of an immunoglobulin.

19. A method according to claim 18, wherein said at least one transfected nucleic acid
encodes an anti-CD20 antibody, the chimeric anti-human neuroblastoma monoclonal antibody
chCE7, the chimeric anti-human renal cell carcinoma monoclonal antibody chG250, the chimeric
anti-human colon, lung, and breast carcinoma monoclonal antibody ING-1, the humanized anti-
human 17-1A antigen monoclonal antibody 3622W94, the humanized anti-human colorectal
tumor antibody A33, the anti-human melanoma antibody directed against GD3 ganglioside R24,
the chimeric anti-human squamous-cell carcinoma monoclonal antibody SF-25, an anti-human
EGFR antibody, an anti-human EGFRvIII antibody, an anti-human PSMA antibody, an anti-
human PSCA antibody, an anti-human CD22 antibody, an anti-human CD30 antibody, an anti-
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 CD128 antibody, an anti-
human HLA-DR variant antibody, an anti-human EpCAM antibody, an anti-human CEA
antibody, an anti-human MUC] antibody, an anti-human MUCI! core protein antibody, an anti-
human aberrantly glycosylated MUCI antibody, an antibody against human fibronectin variants
containing the ED-B domain, an anti-human TAG-72 antibody or an anti-human HER2/neu
antibody.

20. A method according to claim 1, wherein said polypeptide produced by said host
cell has an increased proportion of bisected oligosaccharides in the Fc region of said polypeptide.

21. A method according to claim 1, wherein said polypeptide produced by said host
cell has an increased proportion of nonfucosylated oligosaccharides in the Fc region of said
polypeptide.

22. A method according to claim 21, wherein said nonfucosylated oligosaccharides
are hybrid.

23. A method according to claim 21, wherein said nonfucosylated oligosaccharides
are complex.



385390395400 Arg Met Leu Leu Asp Gn Tyr Arg Lys Lys Ser Lys Leu Phe Arg

Thr
Tyr
Tyr
Leu
Asp
Thr
Arg

405410415 Lys Val Leu Leu Ala Pro Leu Ay Asp Asp Phe My Tyr Cys Qu
420425430 Thr Gu Tip Asp lieu Gn Phe Lys Asn Tyr Gn G n Leu Phe Asp
435440445 Met Asn Ser G n Ser Lys Phe Lys Val Lys Ile G n Phe Gy Thr
450455460 Ser Asp PM Phe Asp Ala Leu Asp Lys Ala Asp Qu Thr Gn Arg
465470475480 Lys Ay G n Ser Mt e Pro Val Leu Ser aly Asp Phe Phe
Tyr 485490495 Ala Asp Arg Asp Asp His Tyr Trp Ser Ay Tyr Phe Thr Ser
Pro 500504510 A method according to claim 1, wherein said polypeptide produced by said host

ceil has an increased proportion of bisected, nonfucosylated oligosaccharides in the Fe region of

said polypeptide.

25. A method according to claim 24, wherein said bisected, nonfucosylated
oligosaccharides are hybrid.

26. A method according to claim 24, wherein said bisected, nonfucosylated
oligosaccharides are complex.

27. A method according to claim 21, wherein at least 20% of the oligosaccharides in
the Fc region of said polypeptide are nonfucosylated.

28. A method according to claim 21, wherein at least 25% of the oligosaccharides in
the Fc region of said polypeptide are nonfucosylated.

29. A method according to claim 21, wherein at least 30% of the oligosaccharides in
the Fc region of said polypeptide are nonfucosylated.

30. A method according to claim 21, wherein at least 35% of the oligosaccharides in
the Fc region of said polypeptide are nonfucosylated.

31. A method according to claim 21, wherein at least 40% of the oligosaccharides in
the Fc region of said polypeptide are nonfucosylated,

32. A method according to claim 21, wherein at least 45% of the oligosaccharides in
the Fc region of said polypeptide are nonfucosylated.

33, A method according to claim 21, wherein at least 48% of the oligosaccharides in
the Fc region of said polypeptide are nonfucosylated.



Phe Tyr Lys Arg Met Asp Arg tie Met Ou Ser His Leu Arg Ala Al a 515520525 )
GQu lle Leu Tyr Tyr Phe Ala Leu Arg Gn Ala His Lys Tyr Lys Tie 530535540
Asn Lys Phe Leu Her Set Ser Let Tyr Thr Ala Les Thr Gu Ala Arg
545550555560 Arg Asn Leu Ay Leu Phe Gn H's H's Asp Ala lIle Thr Ay Thr
Al a 565570575 Lys Asp Trp Val Val val Asp Tyr Ay Thr Arg Leu Phe His Ser
Leu 580585590 -17- 14's Asp Lys Leu Thr Tyr. Asp Ser Tyr Set Pro Asp Thr
Phe Len G u 610615620 Met Asp Leu flys G n Lys Ser Gn Asp Ser Leu Pro G n
Lys Asn tie SEQUENCE LISTING

<110> GlycArt Blotechnology AG
Umana, Pableo .
Bruenkexr, Peter
Ferrara, Claudia
Suter, Tcbiar

<120> Fueion Constructs and Use of Bame to Produce Antibodies with
Increased Fc Receptor Binding Affinity and Bffector Function

<130> 1975.018PC04

«150> US €0/44L,307
<151» 2003-01-22

<150> US 60/491,254
<151> 2003-07-31

<150> US 6€0/495,142
<351> 2003-08-15

<160> 20
<170> PatentIn version 3.2

<210> 1

<211> 11
<212> PRT
. <213» Unknown

<220>
<223»> c-myc epitope tag

<400> 1

Pro Glu Glo Lys Leu Yle Ser Glu Glu Asp Leu
1 5 10

<210> 2

<211> 45

«<212» DNA

<213> Artificial Sequence

<220>
<223> GAB-177 PCR primer

<400> 2
gogtgtgect gtgaceeceg cgecccbget ccagccactg tecec 45

<230> 3

<211> 28

<212> DNA

<213> Brtificial Seguence

<220
<223> GAB-178 PCR primer

<400> 3
gaaggtttet ccagecatcet ggtace 26



625630635640 Ile Arg Leu Ser Ala Gu Pro Arg Tyr Leu Val Val Tyr Asn Pro
Len 645650655 G u Gn Asp Arg Ile Ser Leu Val Ser Val Tyr Val Ser Ser Pro
Thr 660665670 Val G n Val the Ser Ala Ser Ay Lys Pro Val Qu Val Gn Val
Ser 675680685 Ala Val Trp Asp Thr Ala Asn Thr Ile Set u Thr Ala Tyr Gu
Il e 690695700 Ser The Arg Ala His Ile Pro Pro Leu Ay Leu Lys Val Tyr Lys
Ile 705710715720 Leu G n Ser Ala Ser Ser Asn Ser His Len Ala Asp Tyr Val

Leu Tyr 725730735 Lys Ann Lys Val @ u Asp Ser Ay /le Phe Thr Ile Lys Asn
Net Ile 740745750

<210> 4

<211> 43

<212> DNA

<213> Artificial Sequence

<220>
<223> GAB-179 PCR primer

<400> ¢
ctgaggegey cegecaccak getgaagaag cagtctgcag gge 43

<210> 5

<211> 48

¢212> DNA

<213»> Artificial Segquence

<220>
«223> GAB-180 PCR primer

1 <400> &5
ggggacagty gctggagcag gggcgegggy gtcacaggca cacgogge 48

<210> 6

<211> &0

<212> DNA

<213> Artificial Sequence

<220>
<223> ‘GRAB-252 PCR primexr

<400> 6
gctaggeegy cegecaccat gaagttaage cgecagttea cegtgtbtegg 50

218> 7

<211> &5

<212> DNA

<213> Artificial Sequence

<220>
<223> GAB-253 PCR primer

<400> 7
dggggacagtg gctggagcag gggtgagcea geacottgge tgaaattget ttgtgaactt 60

ttcgg 65

<210> 8

<211> 6§

<212> DNA

<213> artificial Sequence

<220>
<223> GAB-254 PCR primer

<400> B8
teccgaaaagt tcacaaageca atttcagcea aggtgetgge teacccctge tecagecact 60



<210> 8
«211> 28
<212> DNA
«213>
<220>
<223%
<400> &

Asn Thr Qu Au Gy Ile Thr
Phe Asp G n Thr
Lys Hs Hs du Val
785790795B00 Lys Arg Asp Lys Ser Gy Ala Tyr
Al a 805810815 Lys Pro Tyr Val
Gy 820825830 Arg Ile Tyr
Ars 835840845

Val du g@t!ccc

Asn Val

Tyr Thr Thr

Ser Au Val Thr

Artificial Sequence

GAB-255 PCR primer

atgceygeata ggcctcecgag caggaccoe

<21l0> 10
<211> 43
<212> DHNA
<213>»
<220>
<223
<400 10

Artificial Secnience

GAB-2161 PCR primer

Leu A u Asn Ser
Gy Leu Met Lys G n Met Met Thr
Gn The Ser Trp Tyr @y Thr Thr
Leu the Len Pro Asp Ay Asn
Arg Val
Cys Phe Phe Asp Hi s Val
-18- I/al Arg Len Tyr'3His lle Gn AdYlle u dy Gn Ser

Pro Pro

gctaaatatt gaattcecett tatgtgtaac tecttggetga age

<210>
<211>
<312>
<213>

11
48
DNA

<220>

<223>

<400> 11

Artificial Sequence

GAB-262 PCR primer

tagcaatatt gaattecgcag gaaaaggaca agcagcgaaa attcacge

12
1715
DNA

«210>
<211>
<212>
<213>

<220>°
w223>»

<400> 12

Artificial Sequence

Nucleotide sequence of GnTI-GnTIII

atgaagttaa gecegeccagtt caccgtgtte ggcagtgega

tegetctacce
ggctecttee
ttgectagetg
gagtctgtag
cccetgetec

gtgttgeegy

tgatgctgga
ctcagggceca
agaataatga
aggatggtecc
agccactgéc

aggacaccac

ccggggtcac ttagactacce
getctecaatg ttgcaagaaa
gatcatctca aatakttagag
gaaaagttca caaagcaatt
ccetageaag gocaccgaag

agagtatttt gtgcgecacca

tettetglgt
ceaggaacce
aaatagacca
acteagteat
tecageccaagg

aactgecaccyg

aagctggcgg

Phe Val

Phe Val

ggtgatttte
gcgecgcegayg
tttggagegt
caattitgagt
tgectggetea
ggtggacttc

tgtgtgcttc

Leu Leu Arg 755760765
Lys Gn Asp Ay 770775780
Ile

Thr
Thr

Hi s
Hi s

66

29

43

4B

&0
izo
180
240
300
360

420



850855860 Ser Asia tie Val Asp Ile Arg Lys Val Tyr Asn Arg Au Ile Ala Mt
865870875880 Lys Ile Ser Ser Asp Ile Lys Ser Gn Ann Arg The Tyr Tin Asp
Len 885890895 Ann Ay Tyr Gn lle Gn Pro Arg Met Thr Leu Ser Lys Leu Pro
Leu 900905910 G n Ala Asn Val Tyr Pro Met Thr Thr Met Ala Tyr Ile G n Asp
Al a 915920925 Lys .H's Arg Leu Tbr Leu Leu Ser Ala G n Ser Leu Ay Val Ser
Ser 930935940 Leu Asia Ser (fly Gn lle Qu Val Ile Met Asp Arg Arg Leu Met
G n 945950955960 Asp Asp Asn Arg Gy4'Lea Gu dn dy Ile Gn Asp Asn Lys

I'le Thr §g§§é£;8é£7§caggatgct ggagaaacct tctccaggge ggacagagga gaagaccaag 480
gtggctgagy ggtcctcggt ccggggtect getcggagygc ctatgeggea tgtgttgagh 540
gcacgggage goctgggagg ccggggeact aggcegcaagt gggttgagbtg tgtgtgectg 600
ccaggctygge acgggcccag ctgcggggtg cccactgtgy tccagtatte caacctgecc 660
accaaggagce gcecctggtace cagggaggty ccgaggecggg ttatcaacge catcaacatc 720

" aaccatgagt tcgacctget ggatgtgege ttccatgage tgggegatgt tgtggacgce 780
tttgtggtct gcgaatccaa ttteacegec tacggggage ctcocggecget caagttccga' 540
gagatgctga ccaatggeac cttegagtac atccgccaca aggtgcteta cgtcttcockg 500
gaccacttcc cacctggtgg ccgtcaggac ggectggattg cagacgacta cetgegtace 860
ttectcacce aggatggtgt cteoccgeoetg cgeaacctge gacctgatga cgtcetttate 1020
atcgacgacg cggacgagat ccctgegegt gatggtgtge tgttectcaa gebctaegat 1080
ggctggacag agcccttege cttcececatatg cgcaagtcece tgtatggttt cttttggaag 1140
caaccaggca cacggaggtg gtgtcaggcet gcaccattga catgetgecag éctgtgtatg 1200
ggctggacgy cabtcecgectg cgecgecgte agtactacac catgcccaac tttcgacagt 1260
atgagaaccg caccggecac atcctagtge agtgatetct cggcagecce ctgeactteg 1320
cgggctggea ctgctectgyg tgcttcacac ccgagdgcat ctacttcaaa ctcgtgtogg 1380
cacagaatgg tgacttecce cgotggggtg actacgagga caagagggac ctcaattaca 1440
tccgaagett gattegeact gggggatggt tcgacggecac gcagcaggag taccctoctg 1500
cagaccccag tgaacacatg tatgectecta agtacctget caagaactat gaccagttcc 1560
gctacttget cgaaaatcocc taccggogage ccaagagcac tgtagagggt gggegecgga 1620
accagggctc agacggaagg tecatetgetyg tcaggggcaa gttggataca acggagggec 14840
cggaacagaa actgatctct gaagaggacc tgtag 1715
<210> 13
<211> 571
<212> PRT
<213> Artificial Sequence
<220>
<223> Aamino acid sequence of GnTI-GnTIII
<400> 213
Met Lys Leu Ser Arg Gln Phe Thr Val Phe Gly Ser ARla Ile Phe Cys
1 5 10 15
Val val Ile gge Ser Leu Tyr Leu get Leu Asp Arg Gly Hés Leu Asp

£ 3



Ala Asn Leu Phe Arg Ile Leu Leu Qu Lys Arg Ser Ala Val Asn Thr 980985990
GQu Gn Au Lye Lys Ser Val Ser. Tyr Pro Ser Leu Leu Ser Hs Ile
99510001005 Thr Ser Ser Leu Met Mh His Pro Val Ile Pro Met Ala Asn Lys
101010151020 Phe Phe Set Pro Thr Leu GQu Leu Adn Ay GQu Phe Ser Pro Leu
102510301035 G n Ser Ser Leu Pro Cys Asp Ile H's Leu Val Asa Leu Arg Thr
104010451050 Ile G n Ser Lys Val Ay Asn Gy H's Ser Asn Qu Ala Ala Leu
105510601065 Ile Leu H's Arg Lys Q@ y3Phe Asp eye Arg he Ser Ser Lys Gy
107010754080 Thr_ Gy ket Phe, QS o88kerl Bhe B off St by 1@ Leu Val @n
35 40 45

Sexr Met Deu Gln Glu Lys Ile Asp His Leu Glu Arg Leu Leu Ala Glu
50 B85 60

Asn Asn Glu Ile ile Ser Asn Ile Arg Agp Ser Val Ile Asn Leu Ser
65 70 75 BO -

Glu Ser Val Glu Asp Gly Pro Lys Ber Ser ¢ln Ser Rsn Phe Sexr Gln
85 ° 90 95

Gly Ala Gly Ser Pro Leu Leu Gln Pro Leu Ser Pro Ser Lys Ala Thr
100 105 110

Glu Glu Leu His Arg Val Asp Phe Val Lew Pro Glu Asp Thr Thr Glu
115 120 125

Tyr Phe Val Arg Thr Lys Ala Gly Gly Val Cys Phe Lys Pro Gly Thr
130 135 140

RAxg Met Leu Glu Lys Pro Ser Pro Gly Arg Thr Glu Glu Lys Thr Lys
145s 150 1585 160

Val Ala Glu Gly Ser Ser Val Arg Gly Pro Ala Arg Arg Pro Met Arxg
165 i70 175

His Val Leu Ser Ala Arg Glu Arg Leu Gly Gly Arg Gly Thr Arg Arg
180 kg1 150

Lys Trp Val Gdlu Cys Val Cys Leu Pro Gly Trp His Gly Pro Ser Cys
155 200 2905

I @ly Vval Pro Thr Val Val Gln Tyr Ser Asn Leu Pro Thr Lys Glu Arg
210 215 220

Len Val Pro Arg Glu Val Pro Arg Arg Val Ile Asp Ala Ile RAsn Ile
225 230 235 240

Asn His Glu Phe Asp Leu Leuw Asp Val Arg Phe Hig Glu Leu Gly Aep
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 @lu Met Leu Thr Rsn Gly Thr Phe
275 280 285



108510901095
Ser 110011051110
O u 111511201125
Leu 113011351140 Arg <210> 19 <211> 1116 <212> DNA <213> Artificial
' Sequence <220>

Glu

Pro

305

Phe

hep

Val

His

Leu

385

Gly

Asn

Ser

Phe

Asp

‘485

Ile

Glu

Leu

Tyr

290

Gly

Leu

val

Leu

Met

370

Glu

Leu

Phe

Leu

450

The

Arg

Tyr

Leu

Glu

-19- Lys Leu Leu Asn Lys Phe Ile Val
Leu Met Hi s Ser
Pro Mt Gu

Ile

Gly

Thr

Phe

Phe

355

Arg

Val

Asp

Arg

Gly

435

Pro

Pro

Sexr

Pro

Lys

5§15

Pro

| i eu Ser
Ile Asn Len Ser

Axrg

Arg

Gln

Ile

340

Leu

Lys

val

Gly

Gln

420

Ser

Glu

Arg

Lew

Pro

500

Asn

Lys

Hig

Gln

Asp

325

Ile

Lys

Ser

Ser

Ile

405

Tyr

Pro

Gly

Trp

Ile

485

Ala

Ser

Lys

ABp

310

Gly

Asp

Leu

Leu

Gly

3820

Axg

Glu

Leu

Ile

Gly

470

Axg

Asp

Asp

Thr

Val

285

Gly

Val

hsp

375

Cys

Leu

Agn

His

Tyr

455

Asp

Thr

Pro

Gln

Val

Leu

Tep

Ser

Rla

Asp

360

Gly

Thr

Arg
Phe

440

Phe

aly

Ser

Fhe

520

Glu

Tyr

Ile

Arg

hsp

345

Gly

Phe

Ile

Axg

Thr

425

Ala

Lys

Glu

Gly

Glu

508

Arg

Gly

-6-

Val

Ala

Leu

330

Glu

Trp

Phe

Asp

Arg

410

Gly

Gly

Leu

Asp

430

His

Tyr

Gly

Phe

Asyp

315

Arg

Ile

Trp

Met

385

Gln

Hiz

Txp

val

Lys

475

Phe

Met

Leu

Arg

Pro Pro @y Thr

Leu

300

Agp

Asn

Pro

Glu

Lys

380

Leu

Tyr

Ile

His

Sexr

460

Arg

Leu

Arg

AQu Ser lieu Thr Pro Ser

Il e Ser Thr

Asp

Tyr

Leu

Ala

Pro

365

Gln

Gln

Leu

Cys

445

Ala

Asp

aly

Ala

Glu

525

Asn

His

Leu

Arg

350

Fhe

Pro

Ala

val

430

Ser

Gln

Leu

Thr

Pro

510

Asn

Gln

Phe

Axg

Pro

335

Asp

Ala

Gly

val

Mat

415

Gln

Txp

Aan

Aen

Gln

485

Lys

Pro

Gly

Pro

Thr

320

Asp

Gly

Phe

Thr

400

Pro

Trp

Cys

Gly

Tyr

4840

Gln

Tyr

Sex

Gn Asn |Ile Ser
Phe Arg Ile Gn



<223> Nucl eoti de sequence of Manll-Gal T <400> 19 atgaagttaa gccgccagtt

caccgt sttc ggcast gega
ccggggt cac ttagactacc
gctctcaatg ttgcaagaaa
gat cat ot ca aat attagag
gaaaagttca caaagcaatt
cocgctgott gtgggcccca
ggcaaagcag @gcccaaatg
tcct cacaag gtggccatca
gctatattat tt

caaccag

ccaggaaccc
aaat agacca
act cagt cat
t cagccaagg t
tgctgattga
t gaagat ggg
tcattccatt

aqt

agccttgaag gactatgact acacctgctt t gt gt't

gaat gaccat aat
t aagttt gga g

14
1722
DA

<210>
<211>
<212>
<213>

<220>
«223>

<400> 14

cgtaca ¢
gd&%%@u

&

e
agt 660
tgttttt C acagccacgg720

£ degtile éilgtfs‘fgt; tit gga780

Artificial Sequence

atgctgaaga agcagtctgc agggcttgtg

aatgeectac
agcgoteteg
gccgaggtgyg
ageccageggyg
ccegegecce
gacttegtgt
tgcttcaaac
accaaggtgg
ttgagtgcac
tgecctgecag
ctgeecacca
aacatcaace
gacgcetttg
ttecgagaga
ttcectggace
cgtaccttee
tttatcateg
tacgatggcet
tggaagcaac

gtgtatgggc

tgqctectett
atggcgaccc
agctggagey
ggagggtgcc
tgctceccagee
tgccggagga
caggtaccag
ctgaggggte
gygagegecet
gctggcacgg
aggagcecgcect
atgagttcga
tggtectgcga
tgctgaccaa
acttececcace
tcacccagga
acgacgcgga
ggacagagcc
caggcacact

tggacggeat

cttctggacg
cgeecagecte
geagegtggy
caccgeggcea
actgtecect
caccacagag
gatgctggag
cteggteeqgyg
gggaggccgg
gecccagctge
ggtacccagg
cctgctggat
atccaatkttc
tggcacectte
tggtggeegt
tggtgtetec
cgagateccect
cttcgeettce
ggaggtagty

cegectgege

Nucleotide sequence of ManII-GnTIII

ctgtggggcy
cgcccagcac
acccgggaag
ctgctgeagce
cctcocegece
agcaaggcca
tattttgtgce
aaaccttctc
ggtectgetc
ggcactaggc
ggggtgccca

gaggtgccga

gtgegettee

accgcctacg
gagtacatce
caggacggct
cgcctgegcea
gecgegtgatg
catatgcgea
tcaggetgea

cgeegtoagt

ctatcetett
ctggcaggec
tgattcgect
agatcgggga
agccgegtgt
ccgaagaact
gcaccaaagc
cagggcggac
ggaggcctat
geaagtgggt
ctgtggtcca
ggcgggttat
atgagctggg
gggagccteg
gccacaaggt
ggattgeaga
acctgegacce
gtgtgetgtt
agtccctgta
ccattgacat

actacaccat

ggctccttcc
ttgctagctg
gagtctgtgg
cccgect gec
cct gt ggacc
gcccccaggg
caggagcacc
%Fctat gca

cH &tgyﬁg
gacgtggacc
Cacatttccg

tgtggectay
acccteagte
ggcccaagac
tgccctgtcog
gcctgtgacc
gcaccgggty
tggcggtgtg
agaggagaad
gcggcatgtg
tgagtgtgtg
gtattccaac
caacgeccatc
cgatgttgtg
gccgctcaag
gectctacgtce
cgactacctg
tgatgacgte
cetcaagcete
tggtttettt
gctgeaggcet

geecaacttt

tottetgtgt ggtgattttc60 tcgctotacc tgatgctgga
gcgccgcgagl20
tttggagcgt 180
caatttgagt240
ggct ca300
gttt aacat g360
cggccgctf,h420
ccgcaaccgg480

Gy A O5f (B ARE P ot Bt

ct cagggcca
agaat aat ga
aggat ggt cc
ct gaggagt c
t ggagct cgt
actgcgtctc
t caagt actg
tctatgttat
gctttcaaga
tcattccaat
tt gcaat gga

60
120
180
240
300
le0
420
480
540
600
660
720
780
840
900
9690

1020
1080
1140
1200

1260



ggtgtotctg ctctaagtaa acaacagttt ctaaccatca atggatttcc
t ggggct ggg gaggagaaga tgatgacatt tttaacagat tagtttttag
atatctcgcc caaatgctgt ggtcgggagg tgtcgcatga tccgocactc
aaaaat gaac ccaatcctca gaggtttgac cgaattgcac acacaaagga
tctgatggtt tgaactcact cacctaccag gtgctggatg tacagagata
-20- acccaaatca cagtggacat cgggacaccg agctagllle <210>

t aat aatt at 840
aggcat gt ct 900
aagagacaaa9ge0
gacaatgatc 1020
cccattgtat 1080
20 <211> 371 <212>

PRT <213> Artificial Sequence <22038-<223> Ami no acid sequence of Manll-GalT

eu_Ser Ar n_ Phe

400> 20 Met L | i G
15101 a7 Rasciad ageerRL

151015 Var*

er

g

3 Il e Phe Cys
y Hs lieu Asp

cacttcgecgg
gtgteggeceo
aattacatce
cctecktgeag
cagttecget
cgccggaace

gagggccegyg

gctggcactg
agaatggtga
gaagcttgat
accccagtga
acttgetega
agggcteaga

aacagaaact

ctectggtge
ctteceecge
tegecactggg
acacatgtat
aaatccctac
cggaaggtca

gatctctgaa

hr_Val Phe 3
T, st

tteacacceg agggcatcta ctteaaacte

1380

tggggtgact
ggatggtteg
gctectaagt
cgggagccea
tetgectgtca

gaggacetgt

acgaggacaa gagggaccte 1440

acggcacgca gcaggagtac 1500
acctgetcaa gaactatgac 1560
agagcactgt agagggtggg 1620

ggggcaagtt ggatacaacg 1680

ag 1722

15

573

PRT

Artificial Sequence

<210>
<211>
<212>
<213>

<220>
<223> BAmino acid sequence of ManII-GnTIII fusion

«<4Q0> 15

val Leu

10

Ber Ala Gly Leu Leu Gly Ala Tle

15

Met Leu Lys Lys Gln
1 5

Trp

Thr
30

Lieu Leu Phe Phe Pro

25

The val Ala Trp Asn ARla Leu Leu Trp Arg

20

val Leu Pro Ala

40

Ala Pro Pro Ser Ser Bla Gly Asp
45

Gly
35

Arg Pro ABD

Thr Arg Glu Val Ile Leu Ala Gln Asp Ala Glu Val Glu

€0

Lew
50

Ser Arg

Ala Ser

BO

Gln Ile Leu

75

3lu Leu Leu Gin Qly Asp

Gln Arg Gly

70

Leu
65

Arg

Gln Pro

95

Thy Ala Ala Ala

S0

Ser Gln Arg Gly Arg Val Pro Pro Pro Arg
85

Pro Ser

110

Ala Leu @ln Pxo Leuw Ser Lys

103

Thr Pro Lew

100

Val Pro Vval Pro

His val Phe Vval Glu Thyr

120

Leu Pro

125

Thr Glu

115

Glu Leu Asp Asp

Thr
135

Val
140

Glu Fhe Val Ala Gly Gly Phe Lys Pro

130

Thr YT Arg Lye Cys



202530 Tyr
354045 Ser

505560 Asn Asa AQu lle lle Ser Asn Ile Arg Asp Ser Val

Pro Arg Asn Pro Arg Arg Gu Gy Ser
Met Leu Gan Qu Lys Ile Asp H's Leu Qu Arg Leu Leu Ala G n
Ile Asn Leu Ser
GQu Asp Ay Pro Lys Ser Ser G n Ser Asn Phe Ser G n

65707580 A u Ser Val
859095 Gy Ala dy Ser

100105110 Pro Met Leu
115120125 Lys G n Asn Pro Asn Val

Phe Pro G n Ay Gn Leu

Pro Ala Cys Pro Au Qu Ser
Met Pro Val

e Au Phe As
LyS  Met Ay Ay Arg Tyr Ala Pro Arg Asp

1301351491y Thr Arg Met Leu Glu Lys Pro Ser Pro Gly

145

Thr

Met

Arg

Ser

Glu

225

Asn

Gly

Phe
305

Asp

Ala

Gly
385

Lye

Arg

Arg

cye

210

Arg

Ile

Asp

Gly

Phe

2580

Pro

Thr

Asp

Gly

Phe
370

Val

Lys

198

Gly

Leu

Asn

val

Glua

275

Glu

Pro

Phe

Asp

Val

355

Hisg

Leu

Ala

val

180

Trp

val

val

His

Val

260

Pro

Gly

Leu

Val

340

Leu

Met

Glu

Glu

185

Leu

Val

Pro

Glu

245

Asp

Arg

Tle

Gly

325

Phe

Phe

Arg

Val

15¢

Gly

Ser

Glu

Thr

dxg

230

Phe

AMla

Pro

Arg

310

Gln

Ile

Leu

Lys

val
380

Ser

Ala

Cys

Val

215

Glu

Asp

Phe

Leun

Hin

285

Gln

Rsp

Ile

Lys

Ser

375

Ser

Ser

Arg

Val

200

Vval

val

Leu

Val

Iy¥e

280

Lys

GQly

Asp

Leu

360

Leu

Gly

Val

Glu

185

Cys

Gln

Pro

Leu

Val

265

Phe

val

Gly

Val

ABp
345

Cys

170

Arg

Leua

Tyr

Arg

Asp

250

Cys

Arg

Leu

Trp

Ser

330

Ala

Asp

Gly

Thr

155

Gly

Leu

Pro

Ser

Arg

235

val

Glu

Glu

Ile

315

Arg

Asp

Ely

Phe

Ile
395

Pro Leu Leu Val

sly

Asp Leu Qu Leu Val

Arg Thr Glu Glu Lys

Pro

Gly

Gly

Asn

220

val

Arg

Ser

Met

val

300

Ala

Liea

Glu

Phe
380

Asp

Ala

Gly

205

Leu

Ile

Phe

RAsn

Leu

285

Phe

Asp

Arg

Ile

Thr
g5

Ixep

Met

Axg

Arg

130

Pro

Asn

His

Phe

270

Thr

Ireu

Asp

hsn

Pro

350

3lu

Lys

Leun

Arg

175

Gly

Gly

Thr

Ala

Glu

258

Thr

Asn

Asp

Len

335

Ala

Pro

Gln

Gln

le0

Pro

Thr

Pro

Lys

Ile

240

Leu

Ala

Gly

Hin

Leu

320

aArg

Arg

Phe

Pro

Ala
400

Al a



Cys Val Ser Pro Hs Lys Val Alalle lle lle Pro The Arg Asn Arg
145150155160 A n Qu H's lieu Lys Tyr Trp Leu Tyr Tyr Leu Hi's Pro Val Lau
G n 165170175 My Gn A n Leu Asp Tyr Ay Ile Tyr Val Ile Asn Gn Ala Ay
Asp 180185190 Thr Ile Phe Asn Arg Ala Lys Leu Leu Asn Val Gy Phe Gn Qu
Ala -21- 15 .200205 Leu Lys Asp Tyr Asp Tyr Thr Cys Phe Val the Ser Asp
Val Asp Leu 210215 -220 Ile Pro Met _Asn Asp His Asn Ala Tyr Arg Cys Phe Ser
Gn Pro Arg 225230235240 His Ile Setdval Ala Met Asp Lys Phe Gy Phe Ser
Leu Pro Tyr Val

Val Tyr Gly Leu Asp Gly Ile Arg Leu Arg Arg Arg Gln Tyr Tyr Thr
405 410 415

Met Pro Asn Phe Arg Gln Tyr Glu Asn Arg Thr Gly His Ile Leu Val
420 425 ) 430

Gln Trp Ser Leu ¢ly Ser Pro Leu His Phe Ala Gly Trp His Cys Ser
435 440 445

Trp Cys Phe Thr Pro Glu Gly Ile Tyr Phe Lya Leu Val Ser Ala Gln
450 455 460

Asn Gly Asp Phe Pro Arg Trp Gly Asp Tyr Glu Asp Lys Arg Asp Leu
465 470 475 480

Asn Tyr Ile Arg Ser Leu Ile Arg Thr Gly Gly Trp Phe Asp Gly Thr
485 490 495

Gln Gln Glu Tyxr Pro Pro Ala Asp Pro Ser Glu His Met Tyr Ala Pro
500 505 §10

Lys Tyr Leu Leu Lys Apn Tyxr Asp Gln Phe Arg Tyr Leu Leu Glu Asn
515 520 825

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 Lew Asp Thr Thr
545 850 555 560

Glu Gly Pro Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
565 570

<210> 16
<211> 388
<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

bhla Ser Leu @ln Arg Ala Cys Arg Leu Leu Val Ala Val Cys Ala Leu
20 25 30



245250255 G n Tyr Phe Ay Gy Val Ser Ala Leu Ser Lys Gn Gn Phe lieu Thr
260265270 | le Ass Gy Phe Pro Asn Asia Tyr Trp Ay Tip Ay Ay G u Asp Asp
275280285 Asp Il e Phe Asn Arg Leu Val Phe Arg Gy Met Ser Ile Ser Arg Pro
290295300 Asn Ala Val Val Gy Arg Cys Axg Met Ile Arg His Ser Arg Asp Lys
305310315320 Lys Asn Qu Pro Asn Pro G n Axg Phe Asp Arg Ile Ala His Thr

Lys 325330335 G u Thr Met lieu Ser p Ay Leu Ann Ser Leu Thr Tyr d n Val
Leu 340345350 Asp Val Gn Arg Tyr Prolieu Tyr Thr Gn Ile Thr Val Asp lie

Ay 3553@0368: cly val Thr Leu Val Tyr Tyr Leu Ala Gly Arg Asp Leu Ser
35 40 45

Axg Leu Pro Gln Leu Val Gly Val Ser Thr Pro Leu Glmn Gly Gly ser
50 55 60

Asn Ser Ala Ala Ala Ile Gly Gln Ser Ser Gly Glu Leu Arg Thr @ly
65 70 15 80

Gly Ala Arg Pro Pro Pro Pro Leu Gly Ala Ser Ser Gln Pro Arg Bro
85 S0 85 -

Gly Gly Asp Ser Ser Pro Val Val Asp Ser Gly Pro Qly 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 Asn Met Pro Val Asp L.eu Glu Leu Val Ala Lys dln 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 Xle Pro FPhe Arg 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
185 300 205

| Tyr Gly Ile Tyr Val Ile Asn @ln Ala Gly Asp Thr Ile Phe Asn Arg
210 215 220

Ala Iq'(s Leu Leu Asn Val Gly Phe @Gln Glu Rla 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

His Agn Rla 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 i‘yr Val @lan Tyr Phe Gly Gly
275 280 285



Thr

Pro Ser

370

Val
290

Asn Asn Tyr Trp

308

Leu val

Cys

Pro

Ser Ala Leu

Phe

Gln Arg

Ser

Lys

Gly Trp

Gln Gln
295

gly Gly

a1o

Arg
32§

Met
340

Ile

Phe Asp Arg

355

Asp Gly

370

Pre Leu

3gs

<210> 17
<211>
<212>
<213>

DNA
<400> 17

atgaagttaa
tegetetace
ggctecttec
ttgctagetg
gagtctgtgg
catettetuc
caaagtggaa
gacaatccag
togggacactyg
ttgaagactt
ctaaagctga
aagtggtggg
ggtcagcettyg

tttgeettaa

Leu

Homo

Asn,

Gln

Gly Met

Axg Hie

Ser Leu

Tle

Ser Ile

360

Thx
375

350

3435

sapiens

gcegecagtt
tgatgetgga
ctecagggeca
agaataatga
aggatggtcce
cctcacaatt
gtecacaatte
atggtggagt
aacccettca
tcaatgacta
aagaagacte
atattataga
aaattgtgac

ttgatcaact

caccgtgttc
cecggggtcac
geteteaatg
gatcatctea
gaaaaéttca
ateceteoctea
agatgtgcag
ttggaagcaa
agtctttgtg
ctttagagac
acggaggaag
tattcagaag
aggtggetyag

aattgaagga

Ile Ala His

Thy Val Asp

-12-

Phe Leu Thr

Glu Asp Asp
315

Ser Arg Pro

330

Ser Arg Asp Lys

345

Thr Lys

Gln Val Len

Ile Gly
395

ggcagtgega
ttagactace
ttgcaagaaa
aatattagag
caaagcaatt
gttgacactg
atgttggatg
ggatttgaca
gtgccteatt
aagactcagt
tttatttggt
aaggatgctyg
gttatgectg

catcagtgge

Ile Asn
300

aAsp Ile

Asn Ala

Lys Asn

Glu Thr
365

Agp Val
380

Thr Pro

tctteckgtgt
ccaggaacce
aaatagacca
acteagtcat
tcagccaagg
cagactgtct
tttacagtct
ttacttatga
cecataacga
atatttttaa
ctgagatete
ttaaaagttt
atgaagctac

tggaaaataa

Gly Phe

Val

Glu

350

Met

Gln

Ser

Pxo

Phe Asn Arg

azo

val.
335

Gly

Pro Asn

Leu Ser

Arg

ggtgattttce
gcogecogegag
tttggagegt
caatttgagt
tgectggetea
gtttgcttea
aatktectttt
atctaatgaa
cceaggttgg
taacatggte
ttacctttca
aatagaaaat
teccacattat

tataggagtg

60
120
180
240
300
380
420
480
540
600
660
720
780

840



aaacctcggt
ctaaaccgty
cactttgcac
gtcacagata
ggacctgatc
ggttgtcect
cggatgctac
gcteccactag
aattatcage
tttggaactt
aagggccagt
gatcattact
atggaatcte
aaatacaaga
aggaatttgy
gttgtggatt
aattctgeat
accttcctgg
ataaggctga
atctegttgg
aaacctgtgg
gcctatgaga
ttggaatcag
gaagatagcg
gagaactect
aaagaagatg
aaaagagaca
tacacaacac
ttktttgace
teckgtggaag

aaaatttett

ccggetggge
ctggacttte
tgcataaaac
ttttatgccea
ctaaaatatg
ggggagtcce
tagatcagta
gagatgattt
agetttttga
tatcagattt
cgatgttccc
ggagtggcta
atttaagggc
taaataaatt
gactgtttca
atggtaccag
ttettcttat
agatggattt
gtgcggagce
tctecagteta
aagttcaagt
tetetttteg
caagttcaaa
gaattttcac
ttgttttact
gtaaacacca
azagtggtgce
cgcecectttgt
atgttacteca
tttccaatat

ctgatataaa

taktgatece
tcacatgectt
attggagttt
catgatgecec
ctgccagttt
cccagaaaca
ccgaaagaag
cegetactgt
ttatatgaakt
ttttgatgcyg
tgttttaagt
ttttacakcc
tgctgaaatt
tctetcatcea
acatcatgat
actttttcat
tttgaaggac
gaaacaaasa
aaggtacctt
tgtgagttceo
cagcgcagtt
agcacatata
ttcacattta
cataaagaat
tcggtttgat
tgaagtaaat
ctacctette
cagagtgaca
tagagtccga
tgtggacatc

aagceaaaat

-13-
tttggacact
atccagagag
ttttggagac
ttctacaget
gattttaaac
atacatecectyg
tcaaagcttt
gaatacacgy
tectcagteea
ctggataaag
ggagattttt
agaccctttt
ctttactatt
tcactttaca
getatcacag
tecgttaatgg
aaactcacat
tcacaagatt
gtggtctata
ccgacagtge
tgggatacag
ccgeccattgy
getgattatyg
atgataaata
caaactggac
gtgcaatttt
ttacctgatg
catggaagga
ctataccaca
cgaaaagtat

agattttata

caccaacaakt
tteattatge
agaattggga
atgacateec
gtcttectgg
gaaatgtccea
ttcgtaccaa
aatgggattt
agtttaaagt
cagatgaaac
tcacttatgc
acaaacgaat
tcgecectgag
cggcactgac
gaactgcaaa
ttttggagaa
acgactctta
ctetgecaca
atcctttaga
aagtgttcte
caaatactat
gactgaaagt
tettgtataa
ctgaagaagg
ttatgaagcea
ecatggtatgg
gtaatgcecaa
tttattcgga
tacagggaat
ataaccgtga

ctgacdtaaa

ggcttatett
agttaaaaaa
tctgggatcet
tcacacttgt
aggcagatkt
aagcagggct
agttctectg
acagtttaag
taagatacag
tcagagagac
cgatcgagat
ggacagaatc
acaagctcac
agaagccaga
agactgggtg
gataattgga
ctctectgat
aaazaatata
acaagaccga
tgecttcagga
ttcagaaaca
gtataagatt
gaataaagta
tataacacta
aatgatgact
aaccacaatt
goettatgtt
agtgacttgc
agaaggacag
gattgcaatg

tgggtaccag

200

950

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1320

1380

2040

2100

2150

2220

2280

2340

2400

2460

2520

2580

2640

2700



[

14

caaatgtcta
tgctctctge
tggatcgaag
agattacagce
aagaaaagaa
atcatccagt
aattetetece
tacagtcaaa
ggtttgattg
agatattggt
tatccttgat

tggaaatcag

Ser Ala Ile

Gly His

39

Arg

Gln
45

Pro

Arg Leu

aly

Leu

attcaaccta gaatgacact gagraaattg cctctteaag
acaatggect atatccagga tgecaaacat cgtttgacac
ggggtttcga gtttgaatag tggtcagatt gaagttatcea
gatgataate gtyggccttga gcaaggtatc caggataacsa
cgaatactac tagaaaaaag aagtgctgtt aatacggaag
tatotttcete tocttageca cataacttcet teteteatga
gcaaataagt tcttetcacce tacecttgag ctgcaaggtg
tctttgectt gtgacattca totggttaat ttgagaacaa
gggcactcca atgaggcage c¢ttgatecte cacagaaaag
agcaaaggca cagggctgtt ttgttctact actcagggaa
ttaaacaagt ttattgtcga aagtctcaca ccttcatcac
cceggeacte agaatataag tgagatcaac ttgagtccaa
atcgagttga ggtga
<210> 1B
<211> 1144
<212» PRT
<213> Homa capiens
<400> 18
Met Lys I:reu Ser Arg Gln Phe Thr Val Phe Gly
P 5 10
Val Val Ile Phe Ser Leu Tyr Leu Met Leu Asp
20 25
Tyr Pro Arg Asn Pro Arg Arg Glu Gly Sexr Phe
35 49
Ser Met Leu Gln Glu Lys Ile Asp His Leu Glu
50 55
Asn Asn Glu Ile Ile Ser Asn Ile Arg RAsp Ser
65 70 75
#lu ser vVal Glu Asp @Gly Pro Lys Ser Ser Gln
85 S0
@ly Ala Gly Ser His Leu Leu Pro Ser Gln Leu
100 105

60

Val

Ser

Ser

Ile

Asn

Leu

han

FPhe

Ser

110

tccecatgace
tcagtettta
actcatgcaa
taatctattt
gtcggteagt
cattccaaty
attacagtca
ggtgggcaat
teggttcket
acagaaactt
gcattcacct

cacattecega

Phe
15

Cys
Leu Asp
Gln

Leu

Ala dlu

Ser
a0

Len

Sexr Gln

85

val Asp

2780

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3438



Val

Gly
145

Trp

Gln

Ile
225

Gly

Thr

Trp

Agp

Gly

305

His

Ala

Gln
130

Aly

Afp

Pro

Lys

210

Ile

Gln

Pra

Leu

Pro

250

Leu

Phe

Leu

Asp

115 -

Met

val

Thr

Gly

Ile

195

Phe

Asp

Leu

Glu

275

Fhe

Ser

Ala

Gly

Cysa

Leu

Trp

Glu

Tzp

130

Phe

Ile

Ile

Glu

TYr

260

Asn

Gly

His

Leu

Ser
340

Leu

ABp

Lys

Pro

165

Leu

Asn

Trp

Gln

Ile

245

Phe

Asn

Meb

Ris
325

Val

Phe

Val

Gln

150

Leu

Lys

Asn

Ser

Lys

230

val

Ala

Ile

Ser

Len

310

Lys

Thr

Ala

'
135

Gly

@ln

Thr

Met

Glu

215

Lys

Leu

Gly

Pro

285

Ile

Asp

Ser
120

Ser

Phe

Val

Pﬁe

Val

200

Ile

Asp

Gly

Ile

Val

280

Thr

Gln

Leu

Ile

Gln

Leu

Asp

Fhe

Asn

iBsS

Len

Ser

Ala

Gly

Asp

265

Lys

Met

Arg

Glu

Leu
345

-15-

Ser

TIle

Ile

Val

170

Asp

Lys

Val

250

Gln

Pro

Ala

Val

Phe
33qQ

Cys

Gly

Ser

Thr
158

Val

Leu

Leu

Lys

235

val

Leu

Arg

His
315

Phe

His

Ber

Phe
140

BPro

Phe

Lys

Ser

220

Ser

Met

Ile

Ser

Len
300

TYyT

Tp

Met

His
125

Asp
Glu
His
Arg
@lu
205
Lys
Leu
Pro
dlu
Gly
285
Leu
Ala

Arg

Met:

Asn

Asn

Ser

Ser

Asp

190

Asp

Txp

Ile

ABp

Gly

270

Trp

hsn

val

Gln

Pro
350

Ser

Pro

Asn

Hig

175

Lys

Ber

Trp

Glu

Glu

255

His

Ala

Lys

Asn
33s

Phe

Asp

Aszp

Glu

160

hsn

Thr

Arg

Asp

Asn

240

Ala

Gln

Ile

Ala

Lys

320

Tep

Tyr



Ber Tyr Asp Ile

Gln

Gly

385

Axg

Lys

Thr

Met

Ser

465

Lys

Ala

Phe

Glu

Asn

545

Lys

Met

Phe

370

val

Met

Val

Glu

Asn

450

Asp

Gly

ABp

Tyr

Ile

530

Lys

Asn

A8D

Val

385

AED

Pro

Lieu

Leu

Tp

435

Ser

Phe

Gln

Arg

Lys

515

Leu

Fhe

Leu

Txp

Leu
585

Plhe

Pro

Leu

Leu

420

Asp

Gln

Phe

Ser

Asp

500

aAxg

Leu

Gly

Val

580

Glu

Proc His Thr

Lys

Glu

Asp

405

Ala

Lieu

Ser

Asp

Met

485

Asp

Met

Tyx

Ber

Leu

565

val

Lys

Arg

Thr

390

Gln

Pro

Gln

Lys

Ala

470

Phe

Asp

FPhe

Serx

550

Phe

Val

Ile

Leu
375

lle

Leu

Phe

Fhe
455

Leu

Pro

Tyr

kxrg

Ala

6§35

ser

Gln

Asp

Ile

Cys

360

Pro

His

Arg

Gly

Lys

440

Lys

Asp

val

Trp

Ile

520

Leu

Leu

Hig

Tyr

Gly
600

Gly

Gly

Pro

Lys

Asp

425

Asn

val

Lys

Leu

Ser

505

Het

Arg

His

Gly
585

Asn

-16-

Pro

Gly

Gly

Lys

410

Asp

Tyx

Lys

Ala

Sexr

490

Gly

Glu

Gln

Thr

Asp

570

Thr

Asp

Arg

Asn

385

Ser

Phe

Gln

Ile

Asp

475

dly

Ser

Ala

Ala

555

Ala

Arg

Ser Ala

Pro
Phe
380

Val

Lys

Gln

Gln

460

Glu

Asgp

Fhe

His

540

Leu

Ile

Leu

Phe

Lys

365

Gly

Glin

Leu

Leu
445

Phe

Fhe

Thr

Leu

525

Lys

Thy

Thr

Fhe

Leu
€05

Ile

Cys

Sexr

Phe

cys

430

Phe

Gly

Gln

Phe

Ser

510

Arg

Glu

Gly

His

590

Leu

Cys

Pro

Arg

Arg

415

Glu

ABp

Thr

Ary

Thx

495

arg

Ala

Lys

Ala

Thr

575

Sex

Ile

Cys

Trp

Ala

400

Thr

Tyr

Leu

AsSp

480

YT

Pro

Ala

Ile

Arg

560

Ala

Leu

Leu



—

Lys
Mek
625
Ile

Glu

val

Ser
705
Leu
Lys
hsn
FPhe
Lys
785

Lys

Arg

Asp

610

Asp

Arg

Gln

Gln

val

690

Fhe

Glu

ABn

Asp

770

Hie

Arg

Pro

Ile

Lyse

Leu

Leu

Asp

val
675

Trp

Arg

Ser

Lys

Glu

758

Gln

His

AEp

TYyr

Tyr
B35S

Leu

Lys

Ser

Arg

660

Phe

Asp

Ala

val

740

Glun

Thy

Glu

Lys

val

820

Ser

Thr

Glan

Ala

645

Ile

Ser

Thr

Ser

725

Glu

Gly

Gly

val

Ser

BO5

Ty

Glu

Tyr

Lys

630

Glu

Ser

Ala

Ala

Ile

710

8er

Asp

Ile

Leu

Asn

790

Gly

Thr

val

Asp

615

Sexr

Pro

Leu

Ser

Asn

655

Pro

Asn

Ser

Met

775

Val

Ala

Thr

-17-

Ser Tyr Ser

Gln

hrg

val

Gly

680

Thx

Pro

Ser

Gly

Leu

760

Iys

Gln

Pro

Cys
B40

Asp

Tyr

Ser

€665

Lys

Tle

Leun

Ile

745

Glu

Gln

Phe

Leu

Pro

825

Phe

Eer

Leu

650

val

Pro

Sex

Gly

Leu

730

Phe

Asn

Met

Ser

Phe

810

Phe

Phe

Pro

Leu

635

Vval

TYY

val

Gln

Leu

7158

Ala

Thr

Ser

Met

795

Leun

val

Asp

Asp

620

Pro

Val

Val

Glu

Thr

700

Lys

Asp

Ile

Phe

Thr

780

Pro

Arg

Hie

Thr

Gln

Tyr

Ser

Val

685

Ala

Val

Tyxr

Lys

val

765

Lys

QAly

Asp

val

val
845

Phe

Lys

Asn

Ser

670

Gln

val

Aen

750

Leu

Glu

Thr

Gly

Thr

B30

Thx

Len

Pro
655

Pro

Val

Glu

Lys

Leu

735

Met

Leu

Asp

Asn
815

Hig

Hie

Glu

Ile

640

Leu

Thr

Ser

Ile

Ile

720

Tle

Arg

Gly

Tle

800

Al=s

Gly

Arg



-18-

Val Arg Leu Tyr His Ile Gln Gly Ile Glu Gly Gln Ser Val Glu val
850 855 860

Ser Asn Fle Val Asp Ile Arg Lys Val Tyr Asn Arg Glu Ile Ala Met
865 870 875 CETY

Lys Ile Ssr Ser Asp Ile Lys Ser Glon Asn Arg Phe Tyr Thr Asp Leu
885 8920 895

Asn Gly Tyr Gln Ile Gln Pro Arg Met Thr Leu Ser Lys Leu Pro Leu
500 905 910

G1ln Ala Asn Val Tyr Pro Met Thr Thr Met Ala Tyr Ile Gln Asp Ala
915 920 525

Lys His Arg Leu Thr Leu Leu Ser Ala Gln Ser Leu @ly Val Ser Ser
930 935 940

Lreu Asn Ser Gly Gln Ile Glu Val Ile Met Asp Arg Arg Leu Met Gln
945 250 9855 980

Asp Asp Asp Arg Gly Leu Glu Gln Gly Ile Gln Asp Asn Lys Ile Thr
965 970 975

Ala Aen Leu Phe Arg Ile ILeu Leu Glu Lys Arg Ser Ala Val Asn Thr
980 285 930

Glu ¢lu Glu Lys Lys Ser Val Ser Tyr Pro Ser Leu Leu Ser His Ile
855 1900 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 Gln Gly Glu Phe BSer Pro Len
1025 1030 1035

Glpn Ser Ser Leuw Pro Cys Asp Ile Ris Leu Val Asn Leu Arg Thr
1040 1045 1050

Ile Glo Ser Lys Val Gly Asn Gly His Ser Asn Glu Ala Ala Leu
1055 1080 1065

Ile Len His Arg Lys Gly Phe 2asp Cys Arg Phe Ser BSer Lys Gly
1070 1075 108D

Thr Gly Leu Phe Cys Ser Thr Thr Glo Gly Lys Ile Leu Val Gln
1085 1080 1095



-10-

Lys Leu Leu Asn Lys Phe Ile Val Glu Ser DLeu Thr Pro Ser Ser

1100

1105

1110

Leu 8er Leu Met His Ser Pro Pro Gly Thr Gln Asn Ile Ser Glu

1115

1120

1125

Ile Asn Ieu Ser Pro Met Glu Ile Ser Thr Phe Arg Ile Gln Leu

1130

Arg

15
11le
DNA

<210>
<21l>
<212>
<213>»

<220
223>

<400> 19
atgaagttaa

tegectetace
ggctceottce
ttéctagctg
gagtctgtgg
cecgeetgeo
cctgtggacce
gcecccagygg
caggagcacc
gactatggca
cteaatgttg
gacgtggacc
cacatttcecg
ggtgtetectg
tggggetggg
atatctegee

aaaaatgaac

tctgatggtt

gccgecagtt
tgatgctgga
ctcagggcca
agaataatga
aggatggtee
ctgaggagte
tggagctcgt
actgcegtcte
tcaagtactg
tctatgttat
gctttcaaga
tecattccaat
ttgcaatgga
ctctaagtaa
gaggdagaaga
caaatgctgt
ccaatccteca

tgaactcact

1135

Artificial ‘Sequence

caccgtgtte
cegygggteac
gctctceaatg
gatcateteca
gaaaagttca
cecgetgett
ggcaaagcag
tectecacaag
gctatattat
caaccaggeg
agcectigaag
gaatgaccat
taagtttgga
acaacagttt
tgatgacatt
ggtcgggagy
gaggtttgac

cacctaccag

Nucleotide sequence of ManII-GalT

ggcagtgcga
ttagactacc
ttgcaagaaa
aatattagag
caaagcaatt
gtgggeccea
aacccaaakg
gtggccatca
ttgecacceag
ggagacacta
gactatgact
aatgcgtaca
ttecagectac
ctaaccatca
tttaacagat
tgtcgeatga
cgaattgeac

gtactggatg

1140

tettetgtgt
ccaggaaccc
aaatagacca
actcagtecat
tcagecaagg
tgctgattga
tgaagatggg
tcattecatt
tocetgeageyg
tattcaatcyg
acacctgcett
gatgkttttte
cttatgttea
atggatttce
tagtttttag
tcogecacke
acacaaagga

tacagagata

ggtgatttte
gogeegegayg
tttggagcgt
caatttgagt
tgctggctca
gttraacatg
cggecgetat
ccgcaaccegyg
ccagcagctg
tgctaagctce
tgtgtttagt
acagccacgg
gtattttgga
taataattat
aggcatgtet
aagagacaaa
gacaatgcte

cecattgtat

&0
120
180
240
a0Q
360
420
4840
540
600
860
720
780
840
200
960

1020

1080



=20~
accecaaatca cagtggacat cgggacaccg agctag 1116
<210> 20
<21l> 371
<2127 PRT
<213» Artificial Sequence

<220
<223> Aminc acid sequence of ManII-GalT

<400> 20

Met Lys Leu Ser Arg Gln Phe Thr Val Phe Gly Ser Ala Ile Phe Cys
1 g 1o 15

Val Vval Ile Phe Ser Leu Tyr Leu Met Leu Asp Arg Gly His Leu Asp
20 25 30

Tyr Pro Arg Asn Pro Arg Arg Glu Gly Ser Phe Pro Gln Gly Gln Leu
as 40 45

Ser Met Leu @ln Glu Lys Ile Asp His Leu (lu Arg Leu Leu Ala Glu
50 55 60

Asn Asn @¢lu Ile Tle Ser Asn Ile Arg Asp Ser Val Ile Ast Leu Ser
65 70 75 8o

Glu Ser Val Glu Asp Gly Pro Lys Ser Ser Gln Ser Asn Phe Ser Gln
85 50 95

Gly Ala Gly Ser Pro Ala Cys Pro Glu Glu Ser Pro Leu Leu Val Gly
100 105 110

Pro Met Leu Ile Glu Phe Asn Met Pro Val Asp Leu Glu Leu Val Ala
115 120 125

Lys Gln Asn Pro Asn Val Lys Met Gly @ly Arg Tyr Ala Pro Arg Asp
130 135 140

ACys Val ser Pro His Lys Val Ala Ile TIle Ile Pro Phe Arg Asn Arg
145 150 155 160

Gln Glu His Leu Lys Tyr Trp Leu Tyr Tyr Leu His Pro Val Leu Gln
1658 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 YLys Leu Leu Asn Val Gly Phe Gln Glu Ala



o

Leu

Ile

225

Gln

ile

AEp

Asn

305

Lys

Glu

Asp

Thr

Lys

210

Pro

Ile

TYr

Asn

Ile

250

Ala

Asn

Thxr

val

Pro
370

158

Asp

Met

Ser

Phe

Gly

275

Phe

Val

Glu

Met

Gln

355

Ber

TyT
Asn
Val
Gly
260
Phe
Asn
Vval
Pro
leu
340

Arg

ABP

Asp

Ala

245

Gly

Pro

Arg

Gly

Aen

25

Ser

Ty

TYr

His

230

Met

Val

Asn

Leu

Arg

310

Pro

Agp

Pro

Thr

215

Asn

Asp

Ser

Asn

Val
295

Cys

Gln

Gly

Leu

200

Cye

Ala

Lys

Ala

TyYxr

280

Phe

Arg

Arg

Leu

Phe

Tyr

Phe

Leu
265

Trp

Arg

Mat

Phe

Apn
345

-21-

Val

Arg

Gly

250

Ser

Gly

Gly

Ile

Agp

330

Sex

Gln

Phe

cys
235

Phe

Lys

Trp

Met

Axrg

315

Arg

Leu

Ile

Ser
220
Phe
Sexr
Gln
Gly
Ser
a00
His

Ile

Thr

208

Asp Val

Ser Gln

Leu Pro

Gln Phe
270

Gly Giu
285

Ile Ser

Ser Arg

Ala His

Tyr Gln

350

Val Asp
365

Asp

Pro

255

Leu

Asp

Arg

Asp

Thr

335

Val

Ile

Leu

Arg

240

val

Thx

Asp

Pro

Lys

320

Lys

Leu

Gly





