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HAVI NG | NCREASED ANTI BODY- DEPENDENT CELLULAR CYTOTOXI CI TY BACKGROUND OF THE
| NVENTI ON Field of the Invention [00011 The present invention relates to the
field of glycosylation engineering of proteins. Mre partlcularl t he
present | YR relates to glycosylation engineeting thf %% pr ot ei ns
with inproved therapeutic properties,®including antibodles mnth I ncreased
ant i body- dependent cellular cytotoxicity. Background Art [0002]

G ycoproteins nediate many essential functions in human bei ngs, other
eukaryoti c organi sns, andsoneprokaryotes, including catalysis, signaling,

cell- cell ARMBODACGLYTOSTEATIO ARlAmsmm@me gEgpci ation. They
make up the naAﬂﬁ't% gDﬁ}?WW yotic organisns.
em .

(Lis et al., Eur ny 'gl ycoproteins have
been exploited for therapeutic purposes, and durlng the | ast two decades,
reconbi nant versions of naturally-occur ring, secreted gl ycoproteins have
been a nmaj or product of the biotechnology industry. Exanples include

eryt hropoi eti n ( EPO) ,BARKGROUNI OF-THB ENVENTIGN: i bodi es ('t her apeutic mAbs),
ti ssue plasm nogen activator (tPA), interferon-p, (IFNDO),

gr anul ocyt e- macr ophage col ony stinulating factor (GW CSF), and human

chori oni cpi%gggﬂllg%@ggwg( hCG . (Cunming et at, @ ycobiology 1:115-130

(1991)). osacchari de conmponent can significantly affect
properties relevantto the efficacy of atherapeutic glycoprotein, including
phyS|caI stability, resistance to B otease attack, interactions wth the

| iA@Yy st emThe preseut@ryention rahesto/the fidkd of glycosylatiomengingesiog ofiar macoki net i cs,
and specifie 0 olRH altichfatl) e/ prevtt TaPnBBS rihks I8y PR

engmeehng to generate proteins with itnproved therapeutic properties, including
antibodies with increased antibody-dependent celtular cytotoxicity.

Background Art

[o002] | Glycoproteins mediate many essential functions in human beings, othér
eukaryotic organisins, and some prokaryotes, including catalysis, signaling, cell-
cell communication, and molecular recognition and association. They make up
the majority of non-cytosolic proteins in eukaryotic organisms. (Lis ef al., Eur.
J. Biochem. 218:1-27 (1993)). Many glycoproteins have been exploited for
therapeutic purposes, and during the last two decades, recombinant versions of
naturally-occurring, secreted glycoptroteins have been a major product of the
biotechnology industry. Examples include erythropoietin (BPO), therapeutic
monoclonal antibodies (therapeutic mAbs}, tissue plasminogen activator (tPA},
interferon-f, (IFN-p), granulocyte-macrophage colony stimulating factor (GM-
CSF), and buman chorionic gonadotrophin (hCG). (Cumming et al,
Glycobiology 1:115-130 (1991)).

[0003} The oligosaccharide compoment can significantly affect properties
relevantto the efficacy of atherapeutic glycoprotein, including physical stability,

resistance to protease attack, interactions with the immune system,



not only on the presence or absence, but also on the specific structures, of
ol i gosacchari des. Sone generalizations between ol i gosadgAREA2AN6Ct ure and
gl ycoprotein function can be nade. For exanple, certain oligosaccharide
structures nediate rapid clearance of the glycoprotein fromthe bl oodstream
through interactions with specific carbohydrate binding protei n?, whi | e

ot hers cX¥P0HHIBBund by anti bodies and trigger undesired PB4t i ons.
(Jenkins et at, Nature Biotechnol. 1%: 975- 81 (1996)). [00041 Manmal i an
cells are the preferred hosts for production of therapeutic glycoproteins,
due to their capability to glycosylate proteins in the nost conpatible form
for human application- (Cunmng et al., dycobiology 1:115= 30 (1991);

Jenki ns ephamacokiiidtics,anBspdceftdriologichbactivily. Such pd&@rties ngadependa -very rarely
gl ycosyl ate proteins, and |like other types of commn hosts, such as yeasts,
fi1ament obet eniygn the presence, o abseaps, tubialse onthe|spegifiy sBytuEss; oh patterns

ot or act 1 SHeSidilafiR Sofg AR e B e ORBR-ARR B IC o T T
ANDNg MBNERLhBref filnttion Gk RS Mallé TR ex@itple/ deftiln) olfflshchhdde been nost

commonly OSed during the |ast two decades. In addition to giving suitable
gl ycosy! astrunturnes iedratesyapidh clearaned bfs theadlycopratein fram dbe blpedsireatm on of

SﬁP?LlE‘a‘lh o a:’%&%%@b&?ﬁﬁ?ﬁ%@ﬁ%@ﬁ@%ﬁ%%' Sohrmpa réi:nﬁﬁi a, and
Comont y. 08 SOMRSRRRAR sl i YRS MBIt Rt NIRRT, ) ' oo

and SP2/ ONamire Bictschholri4:685483 .(1988)e recently, production from transgenic
ani mal s has al so been tested. (Jenkins et al., Nature Biotechnol. -14:975-81

( 1996P94] 10005Mammaligatcells aredhe peersed-hasts o pipdugtion of theepestiss at conser ved

ositions_j > h chaid_n ' WL i e possessin
2 di sti ncﬁwé?l?%?ff“gf %prtﬂ %E%dcag’gﬁglgﬁ%ﬁg&gg}ga?&r%sﬁﬁh o &/éfi aEI y aff ectg'.J
protei n agsmpRitye forh €6 ik hpplicfioRC (CaiMingdR al Y GhtobioWey ghtt5-A. , and

Morrison, S. L., Trends Biotech. 15:26-32 (1997)). The structure of the
attached B0 (199bsdenlanbelia).d Natuee Gdtenkrad-14 8053 WO W80 BiRksiapen US02V24739 3

rarely glycosylate proteins, and like other types of common hosts, such as yeasts,
filamentous fungt, insect and plant cells, yield glycosylation patterns associated
with rapid clearance fromthe blood stream, undesirable immune interactions, and
in some specific cases, reduced biological activity. Among mammalian cells,
Chinese hamster ovary (CHO) cells have been most commonly used during the
last two decades. In addition to giving suitable glycosylation patterns, these cells
allow consistent generation of genetically stable, highly productive clonal cell
lines. They can be cultured to high densities in simple bioreactors using serum-
free media, and permit the development of safe and reproducible bioprocesses. '.
Other commonty used animat cells include baby hamster kidney (BHK) cells,
NSO- and SP2/0-mouse myeloma cells. More recently, production from
transgenic animals has also been tested. (Jenkins ef al.,, Nature Biotechnol. -
14:975-81 (1996)).

[0005] All antibodies contain carbohydrate structures at conserved positions in
the beavy chain constant regions, with each isotype possessing a distinct array of
N-linked carbohydrate structures, which variably affect protein assembly, '
secretion or functional activity. (Wright, A., and Morxison, S. L., Trends
Biotech. 15:26-32 (1997)). The structure caf the attached N-linked carbohydrate



vari es considerably, depending on the degree of processbgg,mﬁ&ql 560k I ncl ude
hi gh- mannose, nultiply-branched as well as biantennary conplex

ol i gosaccharides. (Wight, A, and Murrison, S. L., Trends Biotech. 15:26-32
(1997)). Typically, theré is heterogeneous processing of the core

ol i gosacW#¥UeE8™8st ruct ures attached at a particul ar gl ydsSFUHRREI9si te such
that even nonoclonal antibodies exist as nultiple glycoforns. Likew se, it
has been shown that nmajor differences in antibody glycosylation occur
between cell lines, and even mnor differences are seen for a given cell

| i ne grown under different culture conditions. (Lifely, M R et al.,

A ycobi ol 1 = i U onal anti bodies
( mAbs) cﬁée%éé@%‘ﬁé%?ﬁ@é%&é ﬁt géﬁ g@&%%’ %@%%@g@,aé as denonstrated
by the Uhfgh-inatsbsa)dnfaltijdy-biciohed shs atwelh' as apiuntenahryof cdiplexi mab

(R tuxanTM | DEC Pharnmaceuticals, San Diego and Genentech Inc., San

CA,
Franci sc®ligovarcharides.t (¥right A randtMerrisomo®) L.pSeands Bistaghcbi:26-32 ow: gr ade or
follicul ~Hodagkin: s | h d T b,.( He inT Ge t ech
e, ) - forie R oBieafe e bR R e Bl ad bR AR St R A ey &0 et
al ., Semghycthhe %{tacl%ﬁ:aﬁﬁgﬁcﬂlﬁgl?l?sgﬁﬁoﬁ%ﬂb?ﬁcﬂ’thatl\{'veﬂ\flnon&lbtﬁl Ther.

21:309-18 (1999)). The success 0 ese products relies not only on their
ef f i cacy ahtibodi¢ssexishas tinkiple glytofommd ilikewiaé, dthas beenfshdvasthatnajot 0- Lopez, A
--J., et al., Semn. Oncol. 53:66-73 (1999); | denberg, M M, din. Ther.
21: 309- 1_81‘@?%?}‘!34@00@5 YEOBFationOceubetyy » ARG EERIPPET r ugs, there is
current| y. ' -1 Al Dl i 1.f .1 hody activity
than whatitna S ledbd SR et QUL O BB e EpABC Y (5071 vt vy
t o obt ai Lifeliyg®L. RDeF @lg Giscdbivlpst 5BRY13-20(1995)Ri ntai ning a sinple production
process and potentially avoiding significant, undesirable side effects, is
to éMBhce t hdincaningated moapelonal antihadies fmAbekcan beusaful medisings formps by

engi neeri hei r .ol 4 charj ( n . &at ., Nature

Bi ot echn&ﬁl‘gf}f?%%{t1%%‘?%89%@.&3&3’&%;{%%@2%% ggg’l ?go t%lg %‘Lﬁ comonl y used
ant i bodi @sdrhinistaf6Es appiaRalSHRIRxaANG (RMuRa™My AT PiemAceutifad, Shpve a conserved
N- |inked glycosyiation site at Asn297 in each CH2 domain. The two conpl ex

bi - ant edagy (.iand Seoenteshi Ide sSan Frantised, Cd)Aonthe reatmentnfiGR20 bet ween the CH2
03 MARCH p%gi ge V@-c% { %%rggrgdc or follicular Non-Hodgkin's lymphoma, and '

Trastuzumab (Herceptin™; Genentech Inc,) forthe treatment of advanced breast

cancer (Grillo-Lopez, A.-J., et al., Semin. Oncol. 26:66-73 (1999); Goldenberg,

M. M., Clin. Ther. 21:309-18 (1999)). The success of these products relies not

only on their efficacy but also on their outstanding safety profiles (Grillo-Lopez,

A.-J., et al., Semin. Oncol. 26:66-73 (1999); Goldeaberg, M. M., Clin. Ther.

21:309-18 (1999)). In spite of the achievements of these two drugs, there is

currently alarge interest in obtaining higher specific antibody activity than what

1s typically afforded by unconjugated mAb therapy.

[0007] One way to obtain large increases in potency, while maintaining a simple
production process and potentially avoiding significant, undesirable side effects,
is to enhance the natural, cell-mediated effector functions of mAbs by
engineering their oligosaccharide component (Umafia, P. et al, Nature
Biotechnol. 17:176-180 (1999)). IgGl type antibodies, the most commonly used
antibodies in cancer immunotherapy, are glycoproteins that have a conserved N-
linked glycosylation site at Asn297 in each CH2 domain. The two complex bi-
antennary oligosac;chalides attached to Asn297 are buried between the CH2



4 PCTIUS02/ 24739 donmai ns, form ng extensive contacts V\n(ym%lt‘ﬁn? geptide
backbone, and their presence is essential for the anti 0 ne |ate

ef fector functions such as antibody dependent cellular cytotoxicity (ADCC)
(Lifely, M R, et al., dycobiology 5:813-822 (1995); Jefferis, It, et

at ., | mumob 03Ae878163: 59- 76 (1998); Wight, A and Morri sRET/USNMTIII Tr ends

Bi ol echnol . 15:26-32 (1997)). (00081 4The present inventors showed previously
t hat overexpression in Chinese hanster ovary (CHO cells of
f3(1,4)-Nacetyl gl lucosam nyl transferase 111 (GTIIl), a

glycosyl transferase catalyzing the formation of bisected oligosaccharides,
significa hpesktdnSRre icBntht neur obl ast oma
chineric ?r%ihgglb gﬁglﬁ ant i body (chCE?) produ?&?hbybﬁ%ng%faﬁiggr ed CHO cells.
(See Unaf pmseniee ietessehtial fdartthe entibhadyeto hnadiate Effedfon fibiond 3&49s, | nt er nat i onal®

Publ i cation,No. WO 99/ 54 t he entire contents  of each of _which are
her eby i n&Rf bﬁQYa@%n‘?ﬁﬂ @ﬁ&kﬁrﬂ@@’ﬁm PhéAP R, (kifely) MTRe ghalbody chCE?

bel t edj t '
artiniy SHRoLRISAERr [OOSR ISHAERE b 4 Bimilel Re" 388 el 1

usef ul \m(qrggspwﬁmeﬂl ﬁn@mﬁ%hdswdp@mslmbzeewz 15:26232 (B9 '.ng the GhTIIL
enzyne (Umana, P., et at, Nat ure Bi otechnol . 17:176-18 99)) That study

was [msru rst Thepmmtmmmom@pgedmmwﬂsﬂmwcrmmmﬁhmmao ADCC
(Foy - nss ol VBT LCHER ‘o o S rarthuletiooRuatphianplevet a8 ound in o
ext 1 apol o CEEH L4 Oery *"mﬁpﬁ’hﬁf‘ﬁ nigia¥Ehe B Tolhatldl Dot ! @?“gn. foant ABGC

activity oﬁgdshmhahd@nelgnrﬁcaﬂulﬁmctcmis thelmgﬁ&aAﬂ(arhctﬁatyofahlanh-pr esent
i nventors have applied this technol e@éh?d (Rj t uxi mab, the anti-CD20,
Y i

| DEC- C2 Bsneuphiastpma o phimss gy monpe R0 Prodysed byi fhswi se appl i ed
the techn %%&@fﬁgggﬂéﬂﬁfaﬁg Y 5L, SRS Biollhndi 7 PR-1403 MARCH 2006 WO

03/011878
(1999), International Publication No. WO 99/54342, the entire contents of each
of which are hereby incorporated by reference in their entirety). The antibody

..L.

chCE7 belongs to a large class of unconjugated mAbs which have high tumor
affinity and specificity, but have too little potency to be clinically useful when
produced in standard industrial cell lines lacking the GaTIII enzyme (Umana, P.,
et al., Nature Biotechnol. 17:176-180(1999)). That study was the first to show
that large increases of maximal in vitro ADCC activity could be obtained by
increasing the proportion of constant region (Fc)-associated, bisected
oligosaccharides above the levels found in naturally cccurring antibodies. To
determine if this finding could be extrapolated to an unconjugated mAb, which
already has significant ADCC activity in the absence of bisected
oligosaccharides, the present inventors have applied this technology to
Rituximab, the anti-CD20, IDEC-C2B8 chimeric antibody. The present
inventors have likewise applied the technology to the unconjugated anti-cancer
mAb chG250.



BRI EF SUMVARY OF THE | NVENTI ON [ 00091 The present inven
gener ated new gl ycosyl ation variants of the anti-CD20 h%ﬁ@%?g%gF&gﬂgibody
(mAb) I DEC-C2B 8 (Rituxinab) and the anti-cancermAb chG50 using

genetically engi neeredmAb- producing cell lines that overexpress

N-acetyl gVOOF4H® Tyl transferase I11 (GTI11; EC 2. 1. 4. 144PCT/HS02£24739
tetracycline regul ated fashion. GnTI1$ is required for the synthesis of

bi sected oligosaccharides, which are found at low to internmediate levels in
natural l y- occurring hurman anti bodi es but are m ssing in mAbs produced in
st.andard industrial cell lines. The new gl ycosyl ated versi ons out perforned

Mabt heraTM (the ver @i LA BREI '?I[FBINK@ Ay Europe) and nouse-nyel oma
derived ch@&50 in bIBO oglscal ;Q%ch activi tﬁw exanple, a ten-fold | ower
anount of the variant carrying the highest |evels of bisected

ol i gosaccharides was required to reach the maximal ADCC activity as
VabtlfGINTM FoFhepmesesiinvanters hyve noamgenseated nemglydnsylatiomeantantsefel s of bi sect ed

Conoant . ¢ an-Chal onshelinat Ay GRG)IPECCEGE RUrRirAR BB, o 1y by The
unToG {1 gkl HAIINGRI0 vaifie LR Heall kbR WRRLSRKE) itk veen the | evel

of G1TlIIIl expression and Al activity. [00101 Accordingly, in one aspect
t he cl ai rihat dveseapiessii-acetyliiucesapinyltransferase TEENTINBQ 2ok i44) ino produce a

pol ypepti de havj,ng increased Fc- l,ated, cel lular  cytqgtoxicity by

expr essi mcv&imw ated] feshionc @%&Wﬂ“’&%@ﬂ%ﬁ%@ﬂ%’%‘eﬁ

acet yl gl ugy ) Ler I L dﬁ{ﬂ; L0 ; ypepti de
producedqﬁg tlhdei &gg’fw%fgﬁla?ﬁggwégl%g@}ﬁtomet e ger%lggﬁﬁggtr?gl ting of a whole
anti body ocentringUinanaimtibotlich day ate agevhpt in mAbs prédused in ptandedn whi ch

i ncludes a region _equivalent to the Fc region of an_ inmunoglobulin, and

wher ei n tindustiat cell lingss Thenepealyensylatedsversions putpesformedMahthera™ ncr ease t he
0 : ; ; . d. ol i hari d
el bot oyt tepiE B RACHASED kit bl Myl BRASE YL adupd D eP P a2 o Of

regi on r ejhiB25¢6n bididpdday QEPCTY astivigaFot ieRgmple Sereh Fold1owpd &xowk i gosacchari des

in the Fc region. 03 MARCH 2006 WO 03/011878 PCT/ US02/ 24739 6
of the variant carrying the highest levels of bisected oligosaccharides was

required to reach the maximal ADCC activity as Mabthera™_ For chG250, the

variant carrying the highest levels of bisected oligosaccharides mediated
significant ADCC activity at a 125-fold lower concentration than that required
to detect even low ADCC activity by the unmodified control chG250. A clear
correlation was found between the level of GnTHI expression and ADCC
activity.

[0010] Accordingly, in one aspect the claimed invention is directed to a host cell
engineered to produce a polypeptide having increased Fc-mediated cellular
cytotoxicity by expression of at least one nucleic acid encoding f(1,4)-N-
acetylglucosaminyltransferase Il (GnT III), 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 which includes a region
equivalent to the Fc region of an immunoglobulin, and wherein the GnT I is
expressed in an amount sufficient to increase the proportion of said polypeptide
carrying bisected hybrid oligosaccharides or galactosylated complex
oligosaccharides or mixtures thereof in the Fc region relative to polypeptides

carrying bisected complex oligosaccharides in the Fc region.



[00111 In a preferred enbodi ment, the polypeptide is Ig nt
thereof, nost preferably, 1gG 1 or a fragnent thereof.&Tﬁ/ff%tﬁpﬁ?lﬂgrE

preferred enbodi nent, the polypeptide is a fusion protein that includes a
region equivalent to the'Fc region of a human 1gG [0012] In another aspect
of the cM@AEMIEWventi on, a nucleic acid nolecul e conpriBCHYSW24I¥Wast one

gene encodi ng GhTII| has been introduted into the host <cell. In a preferred
enbodi ment, at |east one gene encoding G1TlIIl has been introduced into the
host cell chronmosone. [0013] Alternatively, the host cell has been

engi neered such that an endogenous GnT Ill gene is activated, for exanple,

by OGENLi 0N Gh aibrAeEbEBRCNE BolybHABATR G MREREREERHEN 1 NLO Lhe host
chr(gm)sgme. I ha g’r ef erred enbodi ne??,yba@he endogenouds GhTl 11 has been

act i vat ednbst prefieablyi, IpG lodr adrapmentahereof. hia fuethexepreferred embadiment, pt i on factor
bi nding site, atransposon, or aretrqviral elenment , or conbinations thereof
i nto t he thegelypeptrdeds adusien peoteip that inpludes agspionequivplent todhe Fgel | has been

sel ected r tion triggering expression of an endogenous GaTl I .-
Prefer abF%}gioﬁ%ga%‘Mé@] is the CHO cell mutant |lee 10. [0014] In a further

prefieerqyd enbqgli sRtherodspbd©ftheclisled MeRtid s midMc akid M8REuleone nucleic

acid encoding a GhT Il is operably linked to a constitutive pronoter
el ement . do@fptising at least enctgens ensoding Gddll bablstn istriducediistathehostel | is a CHO

cell, a B cell,._ a O.cell, a, SP2/0 cell, or, a | do cell, a YO

el o Gl 163 moateered eipinin B sRbonecsme eachdiie AT BB Reber G col | and
s aid pol; | | I chréedfdn@nt i body. I n another preferred

enbodi manl%“,%t cgﬂlfl%ﬂgt%ce I%%lsca SP2/0 cell and the pol ypeptide is the
mon@o0isjal antAheadytivety) @Hdst dellMhSbecnrngineéredsuch ke an endogenaisai med i nventi on
Is directed to a host cell that further conprises at |east one transfected

nucl ei c dewh 1d meaaieptivatedfor sxsmple. ) ipeaatien ofmDh¥H: Flswant Whighnent, or a
100 P e g AS5R B RSRL ol kRt eblfultat o0 o0 1 7
one trangheGhdegdhdas €inTIHCEA et adtivged byainkértioCl02 Q pdkididyn t he chineric
AT USOD g, A anscriphion factor binding site, b anspoeon, or araoviral elezment > -0
or combinations thereof into the host cell chromosome. In another aspect, the
Host cell has been selected to carry a mutation triggering expression of an
endogenous GnTIII. Preferably, the host cell is the CHO cell mutant lec 10.
[0014] In a further preferred embodiment of the claimed invention, the at least
one nucleic acid encoding a GnTIII is operably linked to a constitutive promoter
element.
[0015] In a further preferred embodiment, the host cell is a CHO cell, a BHK
cell, a NSO cell, a SP2/0 cell, or a hybridoma cell, a YO myeloma cell, a P3X63
mouse myeloma cell, aPER cell or a PBR.C6 cell and said polypeptide is an anti-
CD20 antibody. In another preferred embodiment, the host cell is a SP2/0 cell |
and the polypeptide is the monoclonal antibody. chG250.
{0016} In another aspect, the claimed invention is directed to a host cell that
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 Fc region of an immunoglobulin. In a preferred embodiment,

the host cell comprises at least one transfected nucleic acid encoding an anti-

CD20 antibody, the chimeric anti-human neurcblastoma monoclonal antibody



7 chCE7, the chineric anti-hunman renal cell carcinoma nNREARERH 208t | Pody
ch@50, the chineric anti-human col on, lung, and breast carci noma nonocl onal
anti body ING 1, the humani zed anti human 17-1A anti gen nonocl onal anti body
3622W04, the humani zed anti-human col orectal tunor anti body A33, the anti-
human nelvedo3rer1sist i body directed agai nst GD3 gangl i osi de FPUSI324THhe
chinmeric anti-hunman squanous-cell carZTinoma nonocl onal anti body SF-25, an
anti - human EGFR anti body, an anti-hunman EGFRvI || antibody, an anti hunman
PSMA anti body, andanti-human PSCA anti body, an anti-human CD22 anti body, an
anti human CD30 anti body, an anti-human CD33 anti body, an anti-human CD3&
anti body, Anhe AAEHE LR | ciidirda A lodaPAnti I body, an

anti - hunaﬁﬁ%%éghgrf'?i body@gg ant i%%&l}l%lw aﬁtﬁl body, anwg%’t i -human HLA
DR var i anth@240, thedhimeric ambithunmncelonHoap vhdbteats ostginoma nzomotloalman  CEA

anti body, an anti _human MJUCL anti body, an anti-human MJClL core protein

ant i body, %%OQMWGnh. hugsgized auti-hugin Hold patigea manoslopdlapibedy. an anti body

agai nst h ' P 4 L) [0, and an anti -
. HEROP Yo o i B Athah GRBbRU MG SBoby A ARG, TV On 1
directed himan MRS ahtibddyodii€dtdi0aghiddp |G Panglfoside R24)06t theel | conpri si ng
culturing any of the above- described the host cells under conditions which

pelr Im It t hemfm?d@ﬁim?qm@m-?ﬂwp‘?pmammﬂ?nﬁ?ﬁdm%&?ﬁ agc]: ma;jihat ed
cellular ¢ oxi . refecre odi neqt .. t he od further
conpri ses ﬂg%'BPaﬂﬁ%"&%B@Y’f?ﬂéB&%@%&%ﬁWé&M@%. ated cel |l ul ar

Yt Ot 0i CpiiA kifB48), ahdlaci-fsthbdPUCRERIBAS. 3l I RARAEDO addbBagiOSt cel |

conprises at |east one nucleic acid encoding a fusion protel’n conprising a
regi on eqean wsti-butmat CR30 gitibody,ydncintichuimn 3 Hantiodg, rani amitheagiiobul i n. [ 0019]
In a preferred epbodi ment, the praoportion of bjisect | i gogaccharides in
the Fc re '%ﬁ*ae#lgb PB“H&F‘?B@&@@@“P@W@W‘QW@&%@?@P&Y»Weferably,
greater t Q0 .'Hﬁm'i} t idfuniihsect ed hybrid
ol i gosaccEgrglllgdg‘s{ﬂ:%llrl @gng%tngé%g?g%{ conp g)ﬁ%? %@%gg’c%g{rﬁfldf{es or m xtures

t her eof OHINMABRRVar@anie>OSaantBhifnaAEHCIAN 2 tiédy,An anti-human CEA

antibody, an anti-human MUC]1 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, and an anti-
human HER 2/neu antibody.

[0017) In another aspect, the claimed invention is directed to a method for
producing a polypeptide in a host cell comprising culturing any of the above-
described the host cells under conditions which permit the production of said
polypeptide having increased Fc-mediated cellular cytotoxicity. In a preferred
embodiment, the method further comprises isolating said polypeptide having
increased Fc-mediated cellular cytotoxicity.

[0018] in a further preferred embodiment, the host cell comprises at least one
nucleic acid encoding a fusion protein comprising a region equivalent to a
glycosylated Fe region of an immunoglobulin.

[0019] In a preferred embodiment, the proportion of bisected oligosaccharides
in the Fc region of said polypeptides is greater than 50%, more preferably,
greater than 70%. In another embodiment, the proportion of bisected hybrid

oligosaccharides or galactosylated complex oligosaccharides or mixtures thereof



8 inthe Fc region is greater than the proportion of bj | ex
OSSEMRCHATR

ol i gosaccharides in the Fc region of said pol ypeptide. preferred
aspect of the clainmed nmethod, the pol ypeptide is an anti- CD20 anti body and
the anti-CD20 anti bodi es produced by said host cell 'have a glycosylation
profil e, wieoaoHB&ed by MALDI / TOF- M5, that is substantial PQT/USQRMA4TI ent to
that shown in FIG 2E . [00211 In an®ther preferred aspect of the clained
nmet hod, the polypeptide is the ch@&50 nonocl onal antibody and the ch@&50
anti bodi es produced by said host <cell have a glycosylaton profile, as

anal yzed by MALDI/ TOF-MS, that is substantially equivalent to that shown in

FIG 7D. j08@2¢¢! nf‘ihrt??é‘a?era Clp e i tdfiple directed to an
ant i body1 havi na il.bﬁg)r easéd ant i&%gdy edgwggpr?gééﬂft rBzcej?lF%;‘ﬁcP c%t oxicity (ADCC

pr oduced dhigosaeclyaridks infthe Fetdpiasofbaibpolypegtiddbove. In preferred enbodi nents,
the antibody is selected fraogmthe group consisting of_ an anti-CD20

ant iI8%Y  chcin a pseferpdaypect of theslaimed methad, thembypeptideisgpamtiant i body, 1MG 1,
362204, S§Es25 . A33 d | tively.  th | tid b .
ant  body TPALALEAY g BSeaichoolenkBhAR; prtfuckapy SRaRBNBRBRECE . Togion"or an

| munogl @dobylatibi pidhile, &5 MAAB2&E By MAIBHTOTERISC flat i &&bsﬁﬁmﬂpxi city produced

by any of the nethods  described above. [00231'In a further aspect, the
cl ai ned iequealentto that sbowein ElG.28. a f usi on protein- that includes a region

equi valent to_the Fc region of an._i nogl obulin and having increased
Fc-r‘é@ﬁt ed cdPpyptasrpE %@PW&%%@@H@W%& hods descri bed
above. [ &R ' ' Welopy irected to a
phar nace&?%gg?%gg%%%i I on corsr%ﬁre‘icsh%o @oﬁ?%&%@%ﬁ%ﬁ}%%ﬁs fragnent, or

fusi on preeliciave of glybesylata prufiiq nasa athlyzed ey MDY TORIME, degdpt abl e carrier.
[00251 In a further aspect, the clained invention is directed to a nethod
for the subdantialiyequivalentie tratshowmr insklGy 7Reni ni stering a therapeutically

LG 3R F8hoE S5 TR RO ER 0 b on 11 rcd
having increased antibody dependent cellular cytotoxicity (ADCC) produced by '
any of the methods described above. In preferred embodiments, the antibody is
selected from the group consisting of an anti-CD20 antibody, chCE7, ch-G250,
a humanized anti-HER2 monoclonal aatibody, ING-1, 3622W94, SF-25, A33,
and R24. Alternatively, the polypeptide can be an antibody fragment that

includes a region equivalent to the Fc region of an immunoglobulin, having
increased Fc-mediated cellular cytotoxicity produced by any of the methods
described above.

[0023] In a further aspect, the claimed invention is directed to a fusion protein
that includes a region cquivalént to the Fc region of an immunoglobulin and
having increased Fc-mediated cellular cytotoxicity produced by any of the
methods described above.

{0024] In a further aspect, the claimed invention is directed to a phatmaceutical
composition comprising the antibody, antibody fragment, or fusion protein of the
invention and a pharmaceutically acceptable carrier.

[0025) In a further aspect, the claimed invention is directed to 2 method for the
treatment of cancer comprising administering a therapeutically effective amount

of said pharmaceutical composition to a patient in need thereof.



9 (00261 In a further aspect, the invention is directed i ed

nmet hod for treating an autoi mune di sease produced in %g?jgﬁgrm?(?]@éart by
pat hogeni ¢ autoanti bodi es based on B-cell depletion conprising

adm nistering a therapeutically effective anbunt of inmunologically active
ant i body woostiofigrgan subj ect in need thereof, the inprovepenyse@imo Si ng
admnistering a therapeutically effextive anount of an anti body havi ng

i ncreasedADCC prepared as described above. In a preferred enbodi nent, the
antibody is an anti-CD20 antibody. Exanples of autoininmune di seases or

di sorders include, but are not I|imted to, immne-ned ated

t hr U@myt openj fﬁml%%!‘l i | h‘g@pg}g i C purpurea and
chrgnl cidi opgitl%i ct rggbrﬁgé@{f(‘)%é}ﬂog 1%3?%&&?&;5),&1 rmtaé{ﬁggb?i%l?s, Sydenhani s
chorea, Ittepting am phioitminune divesegiroducke e wholdor jigpat byl lpathoganielr ones,

Henoch- Schonl ei n_purpura, post-streptococcal _nephritis, erythem nodosum
Takayas u'aytoantibadies; dasest gers oBcsll drepletion congprisinga administeriog n®, pol yarteritis

10302 LAY RSB b GORUBER BT g
thyr ot oXigGEiekeS in ChéedN therdst | the MRvdnhén®: corpti ki

OginfifiSteARg NRL bnyosi tis,
pol ychondri'tis, panphigus vul gari's, Wegenees granul omatosi s,
meimbr an dberapeagital yedfettive amopot ofap Mtibotiphaving incredsed ADCGC prepdved  dor sal i s,

pol ynyagli a, pernpicious anenia, ,rapidl rogressive gl onerul onephritis and
fi brosi ndsif’ﬁigg’?‘i?fﬂi’%‘{& iSIHf"\HﬁiﬁHPGF?‘B?M% !i‘?%iaﬁfléﬁgpat ory skin

di seases ,j |%&nﬂg I 'avﬁnﬁ ot bR ofdersfin ' titis);

systeni c ah{g%’(yr'jo er %adnf}%gc erogicagé;’cégr%gg%)g%ges asg@%@?&lﬁ%ﬁ?ﬂai nf | ammat ory
bowel di dimised] td, Sinthumsmédiated’ throtitbepaperiny sutle ek adcutecidicpatlii¢ S) ; respiratory
di stress syndronme (i ncluding adult respiratory distress syndrone; ARDS);

der mat i t itRfombeaytapenic Rurpurea avdiehaenic jdiopathie thrombogygnenic §urpyredmer ul onephritis;

allergic ﬁﬂﬂ%i ' S ﬁl? o's$ ast . an ditions
involving 1'n |ﬁ'§§ﬁ|s’olr$9§? cse%ggghaﬂ chrﬁlgﬁﬁusﬁnﬁeg%grg‘% 01%39/&? esponses;
at her osclpaiypgandular € pyidihes, adlessdhoBrhdaleinC | Mflra, Fo3eMEptRLELaRr thritis;
system c | upus erythematosus (SLE); diabetes nellitus (e.g. Type 1.
di abet es nephiitis, geythama nosgpym, u'émtermSabécl@gn’ﬁéluasmmtgemw tiple

sol erosi g RRYARU ey AR5 O TBdosh ! B TTG® sh iR [dcRiaphlegy 91 © 03 MARCH

syndrome, thromboangitis ubiterans, primary biliary cirrhosis, Hashimoto's
thyroiditis, thyrotoxicosis, chronic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pamphigus vulgaris, Wegener's
granulomatosis, membranous nephropathy, amyotrophic lateral sclerosis, tabes
' dorsa]ié, 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 Crobn's disease and ulcerative colitis); respiratory distress syndrome
(including aduit réspiratory distress syndrome; ARDS), dermatitis; meningitis;
encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration of T cells and
chronic inﬂammatory responses; atherosclerosis; leukocyte adhesion deficiency;
rheumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus (e.g.
Type 1. diabetes mellitus or insulin dependent diabetes mellitus); multiple

sclerosis; Reynaud's syndrome;, autoimmune thyroiditis; allergic



WO 0310 1 1 8 78 PCT/US02124739 10 encephal onyelitis; § ' dr one;
juveni |l e onset di abetes;-and i nmune responses associ at ﬁ%%ﬁqﬁﬁ‘géﬁi and
del ayed hypersensitivity nediated by cytokines and T-1ynphocytes typically
found in tubercul osis, sarcoidosis, polynyositis, granul omatosis and
vascul i t WO opersrei ous aneni a (Addison's disease); di sea®€T/USOKYDBITSH ng

| eukocyt e di apedesis; central nervoustosystem (CNS) inflammtory disorder;
mul tiple organ injury syndronme; henolytic anem a (including, but not
limted to cryogl obi nemi a or Coonbs positive anenmia); nyastheniagravis;
anti gen-anti body conpl ex nedi ated di seases; anti-glonerular basenent

menbr ane di sease: antiphospholipid syndrone; all.ergic neuritis, Gaves'

di sease; @Wﬁ%ﬂ&ﬁ@%%‘é@?ﬁéﬁ@%ﬁ% | ;df‘ﬁ%ﬁ‘?“gwaﬂ@&r’i‘%%; penphi gus;
aut oi nmrun ' Bt i ' | mr ot Lo RNy Syndr one;
Behcet di gg@?éﬁgﬁg%ﬁggﬁﬁ{ﬂ;ﬁegﬁdtﬁlas‘?&éyﬁgmlﬂ@%onp “e@t ir}{ég’r?ﬁt P% | gA

nephr opat kytokingd/! gal Trgmphpattes empicallynfomnsd i tobdpardosinpendoidagsis; pura (1 TP)  or

aut oi mune thronbocytopenia etc. In this aspect of the invention, the
ant i bodi edobmnyosidis; granylomatosis and seageulitisidpemisiaust ampenia ddddispe'hor nal B-cel | s

f ded,. i od. , BRI EF, DE | PTI ON OF THE Fl| GURES 71 FIG 1
ot Eact R il o B GERetels, eere Aot RN St body
3 _ gyt . R
P 1 Ml Wiso el RINIMRAE drkateinklly GFhdrmel\OROIER SREEAS S\ |

secondar y (Hch@ingy rjutigrat dichitedt to- dryoglobibemip air yEdomial pagitivebaania)y e not shown.
[0028] FI'G 2A-2E. I\/ALDI[TG:-I\@ ectra of,the, oligosgccharides derived
from Mabt F8YasthimipeTags; sptigen o %ﬁffmh@m@@?&w@m&m@m 20), C2B8-
50t (FIG b%'%ﬁ{’}@t %@Fﬁdﬁ%&%%ﬁp@@@m isﬁ&ﬂgﬁéagﬁg aéldifiosacchari des
appear as +] an I Ons. gosacchari de’ app&aring 1h the first two
spectra weGraveibdisvae, LambecHatonchiybsthienic §yhdiorty pefiphépoid @alouspTl |1, wher eas

ol i gosaccharides in C, D, and E were derjved froma single cell line
expr essi n@emphiEus; autognopae palyandoainopgthieyy, Redersa disersen stillonant rati ons). 03

MARCH 200Q o8/ Bl fisbsl! dihmQeh 28438, immune complex nephritis; IgA

nephropathy; IgM polyneuropathies; immune thrombocytopenic purpura (ITP)

or autoimmune thrombocytopenia etc. In this aspect of the invention, the
antibodies of the invention are used to deplete the blood of normal B-cells for an

extended period.
BRIEF DESCRIPTION OF THE FIGURES

[0027] FIG. 1. Indirect immunofluorescence assay showing the reactivity of the
antibody preparation C2B8-25t to CD20 positive SB cells. Negative controls,
including the HSB CD20 negative cell line and cells treated only with the
secondary FITC-conjugated anti-human Fe polyclonal antibody are not shown.

[0028] FIG. 2A-2E. MALDY/TOF-MS spectra of the oligosaccharides derived
from Mabthera™ (FIG. 2A), C2B8-nt (FIG. 2B), C2B8-2000t (FIG. 2C), C2B8-
50t (FIG. 2D), and C2B8-25t (FIG. 2E) antibody samples. Oligosaccharides
appear as [M+Na'] and [M+K '] ions. Oligosaccharide appearing in the firsttwo
spectra were derived from cell cultures that do not express GoTII, whereas
oligosaccharides in C, D, and E were derived from a single cell line expressing

GnTII at different levels (i.e. tefracycline concentrations).



11 [0029] FIG 3A and 3B. Illustration of "a typical hud;@g{ £gogsSsoci ated
ol i gosaccharide structure (A) and partial N-Ilinked glycosylation pathway
(B). (FIG 3A) The core of the oligosaccharide is conposed of three nmannose
(M and two N acetyl gl uéosam ne (G1) nonosaccharide residues attached to
Asn297. wenésmisrse (G, fucose (F), and bisecting N acet yaylusoasmsy ne (G,
boxed) can be present or absent. Team nal N-acetylneuram ni.c acid maybe

al so presentbut it is not included in the figure. (FIG 3B) Parti al
N-1inkedgl ycosyl ation pathway |eading to the formation of the major

ol i gosacchari de classes (dotted frames). Bisecting N-acetylglucosamne is

ar o GERIC, OHGAAE B Q@E’\ﬁiﬁtﬂﬁaeﬂ?"ﬂa@%ﬁ?ﬂ e R o BRRIPEE | ot ner wi th

its SOdI 8520k Arteasubid ﬁ&%@; tures that
contain Hl}gose (f) are a éﬁﬁl ncl uded [gl(l)]gég] °°%’Ha4A and BGB)ADCC activities

of Ri tuxi(FiRh m)yﬁqumbf the ohgmsaaﬁhande isTdomppssdosfithrag manhozeyM)l oxi city was
measur ed VI a lysis of 51Cr 8be| ed CD2Q- .positive S% cells by human
| ynphocy3@d t‘t’ acetylglycospmipgdOm) menegageharidexpsiduesiatiachedteAsumoncent r at i ons.

(P, oot o, ST LR AP Bnh. BB B e P

t et r acy Clbe peseitF abdenf  Tepmifnal NT: &fem%ﬁﬁca&anﬁ%%aﬁ@@%em%& 50t
C2138-25t, and C2B8 nt (control derivedfroma clone that does not

express lmloﬂm@ﬁd@mzﬂ&)ﬁm%ﬁBiPwaﬁih@k@@ﬁ@sﬂaﬂcﬂ@%ﬁ& conpared to
Mabt her aTm,. [ 003 FI G. 5. stern bl ot ana seven GnTl I |
expr essi Jl-?fdéti e’é‘]’g 9’?18f €| 1ajpy pfigos ﬁ"ﬂb‘i“ 3?1 é%‘ﬁﬁf’%‘ re | oaded on a

8. 75% SDR;ekin 5&1&@ ?spgﬂvb [ Rl h the
anti-c-myc rmn%ﬁl ond ant| bodyquElo W r ?crﬁ’g to vvt ch 50- SP210 cel I's.

[ 00321 FIhow xﬁanﬁﬁSnmbtﬂmudqtmrdudemg@keseﬂltanhmmhgnmclsardh Beetol ved purified
anti body sanples. [0033 th MALDI / TOF l\/§ spectra of neutral
ol i gosac@H&?ti“Ef‘eaPPﬁi'rﬁf its 89 Cﬁsﬁ’ﬁ&@t%da[ﬁ‘bﬂ‘é% ABdJREMABY | ones

expressi g uilisk b aiifes it M%%‘f@é%@?(ﬁ@a‘%ﬂa%&é&% ety Usoz! 24759

{0030] FIG. 4A and 4B. ADCC activities of Rituximab glycosylation variants.

The percentage of cytotoxicity was measured via lysis of *'Cr labeled CD20-
positive SB cells by human tymphocytes (E:T ratio of 100:1) mediated by
different mAb concentrations. (FIG. 4A) Activity of C2B8 samples derived from
a single cell line but produced at increasing GnTIH expression levels (ie.,
decreasing tetracycline concentrations). The samples are C2B8-2000t, C2B8-50t,
C2B8-25t, and C2B8-nt (control mADb derived from a clone that does not express
GnTII (FIG. 4B) ADCC activity of C2B8-50t and C2B8-25t compared to
Mabthera™,

[0031] FIG. 5. Western blot analysis of the seven GnTII expressing clones and
the wild type. 30 ug of each sample were loaded on a 8.75% SDS gel,
transferred to 2 PVDF membrane and probed with the anti-c-myc monoclonal
antibody (9E10). WT refers to wi-chG250-SP2/0 cells.

[0032] FIG. 6. SDS polyacrylamide gel electrophoresis of resolved purified
antibody samples.
[0033] FIG. 7A-7D. MALDVTOF-MS spectra of neutral oligosaccharide

mixtures from chG250 mAb samples produced by clones expressing different



12 GTlll levels and wt ch@&@50SP2/0 cells: WI (FIG 7A), 2F1(FIG 7B), 3D3
(FIG 70, 4E6 (FIG 7D). [Q341 FIG 8A-8D. MALDI/ TOF- wgsgq‘gm@}?go&f neut r al
ol i gosaccharide m xtures fromch@&50 mAb sanpl es produce y cl ones
expressing different GTIII levels: 4E8, (FIG 8A); 5&, (FIG 8B);"403,
(FIG 80 ; 51112, (FIG 8D); [00351 FIG 9. In vitro ADCC assay of antibody
sanpl es W eNEB7Br om control wt -chG250-SP2/ - cells and @CHV$2R4BAsect ed

cl ones 3D3 and 51112. DETAI LED DESCRIPTI ON OF THE | NVENTI ON 100361 Terns are
used herein as generally used in the art, unless otherwi se defined as
follows: [0037] As used herein, the termantibody is intendedto include

whol e anti body nol ecul es, antibody fragnments, or fusionproteins thatinclude
ar egi on TN d¢vely andivet-¢HG2 SOCSTX®ES: WT (F0G] 7A) 2PD{RIGB) 7BY).3030038] As used
herein, the termregion equivalent to the Fc region of an immunoglobulin is
i nt ended (F@-ﬂﬁ&%ﬁfe&rlﬁt@hl ly occurring allelic variants of the Fc region

o T oot YEAL ol gt ML bt PO

subst ant i t (b i;gmm I ' e&%g ti body
dependen?ﬁﬁgﬁslm?ﬁ%g%%%ﬁ@?s or ggggp@}ﬂéi,eegﬁg or ar?%reg?ﬁ no aci ds can
be del et GhTIH dewels: HESNRIG: BANLEG2)(FIG. 88);4G3(FIG. 8Q)eSHL2,(BiFon of an

i mmunogl obul in without substantial |oss of biological function. Such
vari ant s 8%n be sel ected accor di ng to general rules known in the art so as

soi 401 7,7 1G5 B binBOET i ie By sprfath e fim et ©1 -
gl ycopr otwgihGIEdisPe/- @119 kd-GAYI frindedtébeland 3DX4rsHI20 [ (1, 4)

N-acetyl gl ucosam nyl transferase 11l (GaTlII1). [0040] As used herein, the,
ternms engi neer, engineered, engineering and glycosylation engineering are

consi dered Lo 1 nehutSREb SBSLRHHAONGr Tt R SRrifiFCH 2006 VO 03/ 011578

{0036} Terms are used herein as generally used in the art, unless otherwise
defined as follows:

[0037] As used herein, the term antibody is intended to include whole antibody
molecules, antibody fragments, or fusion proteins thatinclude aregion equivalent
to the Fc region of an immunoglobulin.

[0038] As used herein, the term region equivalent to the Fc region of an
immunoglobulin is intended to include naturally occurring allelic variants of the
Fc region of an immunoglobulin as well as variants having alterations which
produce substitutions, additions, or deletions but which do not decrease
substantially the ability of the immunoglobulin to mediate antibody dependent
cellular cytotoxicity. For example, one or more amino acids can be deleted from
the N-terminus or C-terminus of the Fc region of an immunoglobulin without
substantial loss of biological function. Such variants can be selected according
to general rules known in the art so as to have minimal effect on activity. (See,
e.g., Bowie, J. U. et al., Science 247:1306-10 (1990).

[0039] As used herein, the term glycoprotein-modifying glycosyl transferase
refers to B(1,4)-N-acetylglucosaminyltransferase ITI (GnTIII).

[0040} As used herein, the terms engineer, engineered, engineering and

glycosylation engineering are considered to include any manipulation of the



gl ycosyl ation pattern of a naturally occurring polypeptjggr Ohclf AfgeEnt
thereof. dycosylation engineering includes netabolic engineering of the

gl ycosylation machinery of a cell, including genetic manipul ations of the
ol i gosaccharide synthesis pathways to achieve altered glycosyl ation of

gl ycopr ow@ 03018pr essed in cells. Furthernor e, glycosyPE&Tiusn2/24739

engi neeringi ncludes the effects of mutiati ons and cell environnment on

gl ycosyl ation. [0041] As used herein, the termhost cell covers any kind of
cellular system which can be engi neered to generate nodified glycoforns of
proteins, protein fragnments, or peptides of interest, including antibodies

and anti . ' &urrh@& : f#He&p mani pul ated to
expr ess g%i&%ﬁlé@gﬁgﬁlﬁa@?ﬂkﬁél . té slji?%%%ége cultured cells,
e. g., nuipdosylaticdrgineering aichsles setaboliciengiiideriag bf the gBidiésyletidirs, NSO cel | s,

SP2/0 cells,, YO nyeloma cells, P3X63 nouse nyeloma cells, PER cells, PER C6
cel |'s or meghinery edll, |including genetiq manipulatiens af the oligosacchanide name only a

few, b ,50. | i. i t.hi ' i mal I d
oo, RS TR 55 R ol bR B S oo A e O ot ot i 1y
i ncl udesin Gu1h. FRPENYmSRS TaticH éninBErifpih s e et c@BfmAAlibdY ar cytotoxicity

nmedi ated by a sol ubl € Fc-fusion protein containing a human Fc-region. It is
an i munend calénxivosmentendgilyapsylatiothe | ysi s of "anti body targeted cells" by

"hu | mune, effector cells”, wherein: The "h n | ne effector cells”
ar e@r}ﬁtpul at iAéﬁ“Effﬁ?r&H( tera ’{qqgfelfeﬁvgmwheélgge@bﬁ%?ysw their surface

t hr ough Wi ' ol i i f Fc-fission

pr ot ei ns%@mgéﬁgﬁ?%hg%?%g%érﬁ%rﬁﬁ%t | or??.wc%g% ?E g‘%ﬁ |§)tehﬁnay i ncl ude, but
I's not | Enapinests,top peptides ofinterest, intlodidg amtitexdies hediintitedy fragheis) and/ or nat ur al

killer (NK). cells. The "antibody-targeted cells" are cells bound by the
ant i bodi d¥Pisaliy;dbe host rells have bes@anipylated to pxsensptigrizeddeyalsobon- pr ot ei ns bi nd

Lo Lar geis el S1o Vi WG, B BHEI A o MNhSRAMAM culRreEnEGudiedl On- 03 MARCH

as CHO cells, BHK cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63

mouse myeloma cells, PER cells, PER.C6 cells or hybridoma cells, yeast cells,
and insect cells, to name only a few, but also cells comprised within a transgenic
animal or cultured tissue. '
[0042] As used herein, the term Fe-mediated cellular cytotoxicity includes
antibody-dependent cellular cytotoxicity and cellular cytotoxicity mediated by
a soluble Fc-fusion protein containing a human Fc-region. It is an immune
mechanism leading to the lysis of “antibody-targeted cells” by “human immune
effector cells”, wherein:
The “human immune effector cells” are a population of leukocytes that
display Fc receptors on their surface through which they bind to the Fe-
region of antibodies or of Fc-fusion proteins and perform effector
functions. Such a population may include, but is not limited to,
peripheral blood mononuclear cells (PBMC) and/or natural killer (NK)
cells. :
Thé “antibody-targeted celis” are cells bound by the antibodies or Fe-
fusion proteins. The antibodies or Fc fusion-proteins bind to target cells

via the protein part N-terminal to the Fc region.



[0043] As used herein, the termincreased Fe-nediated c oxicity
Is defined as either an increase in the nunber of "ant ﬁ%é}%ﬁttgr:%% ed cells”
that are |ysed in a given time, at a given concentration of antibody, or of
Fc-fusion protein, in the nmediumsurrounding the target cells, by the
mechani sW®63/#Ads78nedi at ed cel |l ul ar cytotoxicity defined aRfK/ES0284d¥or a
reduction in the concentration of ad¢i body, or of Fc-fusion protein, in the
medi um surrounding the target cells, required to achieve the lysis of a

gi ven nunber of "antibody- targeted cells”, in a given tine, by the

mechani sm of Fc -nediated cellular cytotoxicity. The increase in

Fc- 883t ed cehs ugedhersjn, dhetermoiingrepsed FRelmediated celluldrecytatoricith r cytotoxicity

nedi at ed t he sanme anti body,, or Fc-fusi o rotein duced by the sane
e of _ iatined g Alier ut imasa s tasiumite oF SnbRol-Bueried et Batec, oL, 1 o ,
formul ati g{vgﬁ , ' t eraSikihl 1 ed in the
art, but l?%gtaﬂg% no?ﬁgeégﬁkgggc}u%%b@emﬁ%&%gpﬁdj’gjﬁg(%?%ggfru% ht 0 express the
gl ycosy! tpreteid, ¢ deemédiinBulpuiditg e tagds cdllRsby Headedbanisinof HP044] By '

anti body hayi na i ncreased anti body dependent cellular cytotoxicity (ADCC)
i s neant maediate ibdhslarhmmmﬁcd@f{mddabwacaa@ou@t seductien! iBythany suitabl e

t hod k to.th f di kill in th t.. On ted i It
ADCC as s dpRreatation gF pthodt’ o of R lition prayein. it e efivmLRFOuEE ar e known to
expr ess he tdaddRils, rédited 86 adieROtHeA9sls BY a kiven dikdbeeor lidbdyd regi on of the

anti body; 2) The assay uses human peripheral blood nononucl éar cells
(PBMCs) , tarpetedtcetls’t, iom givaotimef by thexmechahisne bb Fennfedintedgellbtanor , as ef f ect or

PENGS. ar ESAR BB b g e Salar CholoNiaih AR BEcodur es and ar e
suspendeatist il SRt vy Rl oo e Bl 1) L1, a0
exponent igrbdgied Wytthp banetypt tolf hastwiellk)i dsingythé sghe standdnd prddfidtionyashed i n RPM
08/ 0138 PUBEAR oG and storage methods, which are known tb those sElied 0 '
in the art, but that has not been produced by host cells engineered to express the
.. glycosyltransferase GnTHI by the methods described herein.
[0044]} By antibody having increased antibody dependent cellular cytotoxicity
(ADCC) is meant an antibody having increased ADCC as determined by any
suitable method known to those of ordinary skill in the art. One accepted in vitro
ADCC assay is as follows: ]
1) the assay uses target cells that are known to express the target
antigen recognized by the antigen-binding region of the antibody;
2) the assay uses human peripheral blood mononuclear cells
(PBMCS), isolated from blood of a randomly chosen healthy donor, as effector
cells;
3) the assay is carried out according to following protocol:
i) the PBMCs are isolated using standard density
centrifugation procedures and are suspended at 5 x 10° cells/ml in RPMI cell
culture médium;
i1) the target cells are grown by standard tissue culture
methods, harvested from the exponential growth phase with a viability higher

than 90%, washed in RPMI cell culture medium, labelled with 100 micro-Curies



15 of -"Cr, washed twice with cell culture nmedium and m 6l N cell
culture nediumat a density of 10" cells/m; iii) 100 m<cro ers ofthe
final target cell suspension above are transferred to each well of a
96-well mcrotiter plate; iv) the antibody is serially-diluted from 4000
ng/ M towdeoiismg/ M in cell culture nediumand 50 m crolRQTAISH2/473% he
resulting antibody solutions are addgd to the target cells in the 96-well
mcrotiter plate, testing in triplicate various antibody concentrations
covering thewhol e concentration range above; v) for thenmaxi nunrel ease (M)
controls, 3 additionalwells in the plate containing the |abelled target

L on O AR THEEE iR o ot MMM 8 o e

(poi nt |\m@&3@ﬁgjadgﬁs] fofnot bglsament aneous rel ease (SR) controls, 3
additional wells in l?,he pl ate cont ai ni ng the | abell ed target ceI | s, receive

50 microliters of lﬁPM d@Dmmsﬁthcé'malxmgemﬂewemionahevwel body sol ution
96we mcrotiter plate is then centrifuged at

i nt b
(SBO;ng e L?’ﬂ?&)‘ RAHYE @I?TBFWE’LP]HEM at 4C VI ||) 50 microliters of
t he PBNC suspen5| on fpo'tﬂé ﬂ#ﬂl@)@%?gﬂ%h ' di1af ﬁmﬁﬁo 81‘0 yield an
pl a ace

effectortarget cell Tatio es are I n an i ncubat or

under 5%rnighel ai 6¥ls ROBEe médtﬁﬁﬁaﬁ@ﬁﬂ‘im'@ﬁlﬂt&s of the tmlm@ Antf super nat ant

fromeach well is harvested and _the ex%wrl nmental |y rel eased radioactivity

(ER) is dabutions meadded toghe taggetiealls inghedemellaicratiberplate.destiagdn of speci fic
lysis is’,c Iatedf ach bod r.ati on cording to the
fgr mul a ( 39%) 6“% Q@"t’nﬁ.‘&e%‘?}‘é‘r‘%ﬁ ’i‘ gct ivity

quantifi gofgee poi nt I X above) for that ant i body concentration, MR is the
aver age radi oact i vi ty quantified (see point ix above) for the MR controls
(see point v above)v) andoSkemaxinmun release(HER IBntBIRG4dddio6alweil®3/ 011878

PCT/ US02/; 2 7B%ate containing the labelled target cells, receive 50 microliters of a 2%

[(®@ . j0)]

(V/V) aqueous solution of non-ionic detergent (Nonidet, Sigma, St. Louis),
instead of the antibody solution (point iv above);

vi)  for the spontaneous rel¢ase (SR) controls, 3 additional
wells in the plate containing the labelled target cells, receive 50 microliters of

- RPMI cell culture medium instead of the antibody solution (point iv above);

vii)  the 96-well microtiter plate is then centrifuged at 50 x g
for 1 minute and incubated for 1 hour at 4°C,

viii) 50 microliters of the PBMC suspension (pointi above) are
added to each well to yield an effector:target cell ratio of 25:1 and the plates are

. placed in an incubator under 5% CO, atmosphere at 37°C for 4 hours;

ix)  the cell-free supernatant from each well is harvested and
the experimentally released radioactivity (ER) is quantified using a gamma
counter;

X) the percentage of specific lysis is calculated for each
antibody concentration according to the formula (ER-MR)/(MR-SR) x 100,
where ER is the average radioactivity quantified (see point ix above) for that
antibody concentration, MR is the average radioactivity quantified (see point ix

above) for the MR controls (see point v above), and SR is the average



16 radioactivity quantlfled (see point ix above) for th (see
point vi above); 4) "increased ADCC' is defined as ei tg%rﬁﬁgﬁ%g%‘ise I n
the maxi mum percentage of specific |ysis observedw thin the anti body
concentration range tested above, and/or a reduction in the concentration
of anti bodQos/eysts ed to achi eve one half of the maxi num PETASINBYES of
specific lysis observed within the &#éti body concentration range tested
above. The increase in ADCC is relative to the ADCC, neasured with the
above assay, nediated by the same anti body, produced by the sane type of
host cells, using the sane standard production, purification, fornulation
and stor art, but that
a0 5L or ARG gt e{lcR K OIS I RS SKIhRsed i o1

gl ycosyl tabmwsf er ase GnTHI . [00451 As used herein, the term anti-CD20

anti body is intended to nean_an antibody which speC|f|caII recognlzes a
cell surface n®n- gl MSVP@té@CCph@séPf@Iﬂdoﬁ%leﬁhﬁf arg 3G eHe D&l typically
desi gnat e oc r i.fferent t| on anti gen
B35, #@M@ﬁl fofpegteBARStS Y B At oL T on o

Nucl ei c aashvegana/d?raqwcﬂoﬁﬁfmu\bbfc%num'offhﬁﬁsd@ee?ﬁm&he _

d ycosyl at ion Pattern Is Desired [00461 The present | nvention provides

met hods fwmmqmmlfﬁﬁmmmmﬁmggeofwbhﬁsmism&wﬂhiﬂ production of

gl ycof or of .a t| bod| es.or antibo ments o [ ot ei ns which
i ncl ude ;ﬁf neeREHion rapge est %WBHH@-{)%% ® cellular
cyt ot oXxi Gyt & L ab S%ﬁéaﬂﬁ{haa on of

ant i bodi gtg avi ng tﬁ%%agﬁ?‘?al era‘%rg%tg% fhﬁf&ﬂ I C m)%i fication of

the gl ycqouptateddy ﬂaasame typiesnfdmsu dolig, usargjthesmammrdfprdsdmmm, respective
codi ng nucl ei c .aci Iinai_’{%ence Is within the scope of the invention. [0047]
Vari ous prusHisatiendo n;agd siqgags mectheds, Waich aredmewn ta thaseskiliedct i on of

o ot B APl SV o0 bt o1

the glycosyltransferase GnTHI.

[0045] As used herein, the term ant#i-CD20 antibody is intended to mean an
antibody which specifically recognizes a cell surface non-glycosylated
phosphoprotein of 35,000 Daltons, typically designated as the human B
lymphocyte restricted differentiation antigen Bp35, commonly referred to as
CD20.

Identification and Generation of Nucleic Acids Encoding A Protein for Which
Modification of The Glycosylation Pattem Is Desired

[0046] The present invention provides methods for the generation anduse of host
cell systems for the production of glycoforms of antibodies or antibody
fragments or fusion proteins which include antibody fragments with increased
antibody-dependent cellular cytotoxicity. Identification of t.érget epitopes and
generation of antibodies 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.

[0047] 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



limted to polyclonal, nonoclonal, chinmeric, single chain, Fab fragnents and
fragnments produced by an Fab expression I|brary Such qjgtmgg&ﬁgoﬁ@y be
useful, e.g., as diagnostic or therapeutic agents. As therapeutic agents,
neutrallzing anti bodies, i.e., those which conpete for binding with a

| i gand, substrate or adapter nol ecul e, are of especiall greferred

i nt er est WOIB@MBI8 For t he production of anti bodies, var|o§§ AB8Y243 nal s are
i muni zed by injection with the target protein of interest i ncl udi ng, but
not limted to, rabbits, mce, rats, etc. Various adjuvants may be used to
I ncrease the innunological response, depending on the host species,

I ncluding but not limted to Freund's (conplete and inconplete), m neral

gel s suchingifedaoyslydloadiyeomodldifl, chitdrits Single dhhie Fa Ragaditemdsuch as

| ysol ecithin, pluronic polyols, polyaalons, peptides saponin, oil

emul si ondragisyisopredudedpst amé'nbwpmssmﬂ Hbray: rSpd:heMtﬂbodasnmayﬁut entially useful
human adj uv, ts such,as B é cille,Calnette;Qu rlé}%u .and Corynebacterium
par vum o175 HB8HI5EE e, Eﬁpé‘énct g8t (A égqra Frﬂg@téost may be

pr epar ed tpﬂltﬁ%y I gpie r d%% "of anti body
nol ecul egﬁ% C nﬁdnb&g{t}g %1 hwﬁ ﬁg!s&l%mﬁﬁsgoffgﬁn%se I'n but are not_
limted tsmbsumtm:raﬂyﬁtrﬁo@ulremhafeypemmyg‘efm}euynmmrl bed by Kohler and

Ml stein, Nature 256;495-97 (1975), the hurran B-cel | hybr| doma t echni que
(Kod®MBl et al For thepredustion of es; varpous hog gnimatyare iremmaired bypr oc.  Nat | .

ot ol . ﬁ%@@gl}fﬁ%ﬁ%&é@ 0*%%@%&&%&5%%r%iﬁﬁﬁe%“”ﬁii, e,

1985)) . Infic@¢as! £t8N VarioSe Bdjus@SmAPHELRARE irlciasé BR imhiidblogicain of "chineric
anti bodi es” (Morrison et al., Proc. Natl. Acad. Sci. U S A 81:6851-55

(1984) ; Kespbugegdepentinglon, thmbpﬂrspec@mmwmmt@m@mtedtomm et al., Nat uré

appr opr 1 JBRRE e Eh Arngr el s SRR RGO Rp M ehunan ant i body
mol ecul e 4pfivARRsAREdsNueh 3k B/sORLERA, gt hi@éd}éﬁlﬁ?&lﬁ&dﬁ ptidds! €rnatively,

t echni ques described for the productlon o) chai'n antibodies (U.S.
Pat ent Neapohit46il 7 e@nlsoen, eyhkale pirapett bempogytiuing énm@ benol: haidh anti bodi es

havi ng ap((j)f%%hr ?}9 usse%ﬁ(immanf I CIaE:l}{wants su'\éﬁRCEC%?& clYl\OCO gtt]é:—l' uerin aC;I' US02/ 24739

Corynebacterium parvum. .
[0049] Monoclonal antib'odics to the target of interest may be prepared using any
technique which provides for the production of antibody molecules by
continuous cell lines in culture. These include, but are not limited to, the
hybridoma technique originally described by Kohier 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.SA.
80:2026-30 (1983 ) and the EBV-hybridoma technique (Cole et al., Monoclonal
Antibodies and Cancer Therapy 77-96 (Alan R. Liss, Inc., 1985)). In addition,
techniques developed for the production of "chirmeric antibodies" (Morrison et
al., Proc. Natl. Acad. Sci. U.S.4. 81:6851-55 (1984); Neuberger et al., Nature
312:604-08 (1984) ; Takeda ef al., Nature 314:452-54 (1985) by splicing the
genes fromamouse antibody molecule of appropriate antigen specificity together
with genes from a human antibody molecule of appropriate biological activity
can be used. Alternatively, techniques described for the production of single
chain antibodies (U.S. Patent No. 4,946,778) can be adapted to produce single

chain antibodies having a desired specificity.



18 100501 Anti body fragnents which contain specific bindi | t he
target protein of interest may be generated by known tgg;ﬁﬁgﬁgi(’%r

exanpl e, such fragnents include, but are not limted to, F(ab')z fragnents
whi ch can be produced by pepsin digestion of the antibody nol ecul e and the
Fab fragrgdbsoeshi ch can be generated by reducing the di porikehrsiel dges of
the F(ab)Z fragnents. Alternatively,jgFab expression libraries my be
constructed (Huse et at, Science 246:1275-81 (1989) to allow rapid and easy
identification of nonoclonal Fab fragnments ' with the desired specificity
to the target protein of interest. [0051] Once an anti body or anti body
fragnent has beep identified for which nopdification in thiﬂglycosylation

pat i goso; are désitibedy ﬁfasmen@d\rhigl; faetpis; speqtic hindinggsites of thetargednt g i edl iand
For Tho. ARG RLE) AAY Be BFherat B Rniuth e Bdl, EBe pHRRETMBAT  or n To052) ™

The presqRignicRiéeiiciude, BiOMeOfst HaRéd %'F(at% RfRafcnf which e45béor the
generation of proteins having nodified glycosylation patterns. In particular,,

t he pr epeoduced by pepsim digestiandefthéantibodyebolesyle tandthef Bab frhgmemtser at i on of
gl ycof or ns, _of roteins havin n, i Nproye her.gpeut ¢, val ye. Therefore, the
inventioanEb]Eh &Ggolé"sgﬁ%g?te o ?éﬁ'ﬁlngs Fd#“g@'iﬁ gﬂag"éef’ élﬂee%(%’rzengi neered to
i ncrease X[ ' I?a:é]a’r . L= L £y yl.t ransf er ase,
nanely p(1, '%cleiyl gl J(b)g%am n%ﬁ@?%ﬁ%ﬁer a@egﬂ:?ﬂs?%ﬁ#m . Specifically,
such hostalgedclence 264293581 @EP8Y)EtE alldy risid aRdi daegridshtifizationefi se a
reconbi nant nucleic acid nolecule encoding GnTlI1, operatively linked to a
const i t uthenoclonal Bah fragraents with the éﬁsug@me@uﬁ%lmm thetanget projein 9bst cel |
expressi Qn iﬁ)étsterrs may be enployed that naturally produce, are induced to

'L

produce, 3 or are selected to produce C1TIII. 10053] In one specific
embggesgnt , t m&r@&&ﬁboafﬁﬁaﬁﬁmy Rragihehtaihs debiP fdenifitd forlwidth has been

engi neered to express at |east one nucleic acid encoding G1TIIL. 03 MARCH
2006 WO osedificsios iPdw piscosyl@ivnsatternoare desired, the coding nucleic acid :

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

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

[0052] ) The present invention provides host celi expression systems for the
generation of proteins having modified glycosylation patterns. In particular, the
present invention provides host cell systers for the generation of glycoforms of
proteins having an improved therapeutic value. Therefore, the invention -
provides host cell expression systems selected or engineered to increase the
expression of a glycoprotein-modifying glycosyltransferase, namely p(1,4)-N-
acetylglucosaminyltransferase Il (GunTII). Specifically, such host cell
expression systems may be engineered to comprise a recombinant nucleic acid
molecule encoding GnTiIl, operatively linked to a constitutive or regulated
promoter system. Alternatively, host cell expression systems may be employed
that naturally produce, are induced to produce, and/or are selected to produce |
GnTHL

[0053) In one specific embodiment, the present invention provides a host cell

that has been eﬁgineered to express at least one nucleic acid encoding GnTIL



In one aspect, the host cell is transforned or transfec ﬂfﬂ({f d%uclelc
acid nolecule conprising at | east one gene encodi ng G n a al ternate
aspect, the host cell has been engi neered and/or selected in such way that
endogenous GnTIIIl is activated. For exanple, the host cell may be sel ected
to carryweoougmsi on triggering expression of endogenous rgTfdok/24Mm one
specific enbodinent, the host cell i1$.a CHO | ec10 nutant. Alternatively,

the host cell nmay be engi neered such that endogenous GhT 1l is activated in
again another alternative, the host cell is engineered such that endogenous
GnTI1 1 has been activated by insertion of a constitutive pronoter el enent,

2,2 PEOG: adfec ! Fsf 4] A karSHERH Lo 4RO 104 gL oy OTOSOMe. [0054]

General Iy, any ure e A b el as A ackground to

engi neer niok&utb%in;ﬂ@inlg at leagt onOfedd Mcoding GATTI N altefatel dpaat, pr ef err ed
enbodi nent, CHO cells, BHK cells, NSO cells, 'SP2/0 cells, YO nyel onacells,

P3X63 noﬂsdlomgéllhaﬁbeuemgmee@mld&rlsdpc@&m such waarltlm endogwd!lm doma cel ls,
east ce nsec cells ar t he ba nd cell line to
Yoo at BRI 3 ab b P el e Bpst qeﬁem%b%ﬁ ¢d 19 68%E2 The | nvent i on

i s cont egniad.ad g&agg&ﬁ{se essing G1TlI1 as
defi ned ﬁiearel n: tﬁ%@%%&?@rﬁgvera nucl gnc aci ds Cl(g-,:l%c @8 GTIIl may be
expr esseembodifiient, thchaoodlisk GIiOdeﬂOrmﬁﬂahutAN&nﬁvetwﬂ:erho@mnal ternately, a

regul at ed expressi on %St em Suitable regul ated expr ession systens include,
but are maY beiengingered gichihat eadoasaoey GnEL 8 gotivates Te again gagthes system an

ecdysone bl.e SW lon system a

gl ucocorf“it%g#@e hbe&glég#&ﬁgx ss%@ﬁ%ﬂstygﬁgﬁﬁg Oﬁﬁmwghdum bl e

pronot er agitatcdby aaduanraftaaédneﬁmueagfmmabmeﬁ nglwahdPoSort 0PRESSI ON system
1f. several di fferent nucl ei ¢ aci ds encoding GhTlll are conprised within the

host ceI tetroyrakglmens into dhe hasbenthghyomesamer essed under the control of a
con tlve onot er re ex ssed r t control of a
r_egfﬁ #hd pr o%{l"é fﬂ%%&f?ﬁ@?‘“‘si “r@é‘éﬁ %F |a§’ag€ﬂ91”ﬂﬁf’ed to be the
hi ghest g@%ﬁﬁéé?'ﬂﬂsﬂo@ﬁ/&lliﬂfes @E@@b&s@@ﬂ%ﬁh&%ﬂﬁﬁﬁ&f&fbdhﬁﬁbdﬂ%ﬁ not have a

si.gnificant adverse effect on cell growh rate, and wll be determ ned using
03 NMARCHCHID&:IMBHE/celis, DIFS c%TSPZ@Oﬁﬂgmmyeloma cells, P3X63 mouse

myeloma cells, PER cells, PER.C6 cells or hybridoma cells, yeast cells, or insect

cells are used as the background cell line to generate the engineered host cells of
the invention.

[0055] The invention is contemplated to encompass any engineered host cells
expressing GnTII as defined herein:

[0056] One or several nucleic acids encoding GnTII may be expressed under
the control of a constitutive promoter or, alternately, a regulated expression
system. Suitable regulated expression systems include, but are not limited to, a
tetracycline-regulated eﬁpression 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 GnTHI
are comprised within the host cell system, some of them may be expressed under
the control of a constitutive promoter, while others are expressed under the
control of a regulated promoter. The maximal expression level is considered to
be the highest possible level of stable GnTIII expression that does not have a

significant adverse effect on cell growth rate, and will be determined using



20 routine experinmentation. Expression |levels are detergq hods
general ly- known in the art, including Western bl ot ana ylgf‘gRﬁéir@%a GnTl I
specific antibody, Northern blot analysis using a GaTlIlIl specific nucleic
acid probe, or neasurenent of enzymatic activity. Alternatively, a lectin
may be ewg@é;i&? whi ch binds to biosynthetic products of plchaysenidhsé. for
exanpl e, E4 Fecti n. In a furthegyalternative, the nucleic acid may be
operatively linked to a reporter gene;' the expression |evels of the GTlI|
are determ ned by measuring a signal correlated with the expression |evel
of the reporter gene. The reporter gene may transcribed together with the
nucl ei ¢ aci d(s) encodi id GTlII1, as si.ngl e nol ecul e; their
respect i \fé’u@gﬁf?’ﬁﬂﬁn@gﬁt@g&% OBL"'VFIF?WQ%'C@‘P%WIBMWPW nal ribosome

entry S! tigon ioine et i RARBOW AP BB SRAyGL B0RE Y CRTIEARARGET (S TE). The.

reporter gene may be ‘trans t oget east one nucleic acid

encodi ng ibodyNdrihiers blobarabyis wrirg MG EIIspeyifie pitldie acidirdbe, 8r f or med. The
nucl ei c acid encoding the GhTlI| may be operatively |inked to the reporter
gene undBeaspremenhpf erAynpatic actiyifyy | Altgsnativelye e lectinanay heemplogediuc! ei ¢ aci d

di Tl 14l. .n o i.bed . RNA
ol ocul o Ve R e BAhehe PradhiS o BT s pb R RCR AT e Conger. Ra
(MRNY) MGt eReraltPieivohd MRIGEHH hiaf Be P likeA?S aégafled NL O sai d

reporter protein, and e other is transtated’into said GiTlll. [00571 If
several dgené;ctheaxpressidndiecels of the GuTEb dierdgteBnifict by anenswringrasignatl, t hey rmay be

arranged in such \ t hat the re transcri bed_as one or as several nmRNA

nol ecul es‘?onlefat‘?cﬂ‘ﬁ%ﬁéﬁeéxﬂcéﬁﬁ%ﬁéi"%@gmﬁ§°P8”§'i 8596 TRAIROEBERENY, ¢ hei r
respectivy | :be . b 2] f i nal ribosone
entry si ttganf%g)qgg%?&égﬂgﬁ%a@ﬁ%%ﬁ%%@%ﬁ@# té%@ IW&%&%H (G TE). They
may be t raRBY iokdulef theinrespettingl cedipf eequkades nitlybedinkENéitiBpbean| e which is

alternatively spliced into several separate nmessenger RNA (nRNA) nol ecul es,
whi ch t heptesial ribgsome aniy s8¢ ARES) piiys caprindependsnidranslponanbanséd GnTl 1. [ 00581

I n ot her | ken L Ay o) rgvides. host cell expression

syst ens f@rﬁ)ﬁﬁ e'i%ee}ﬁ é?%%%ﬁgég§$ Eéﬁ%ﬁ%ﬁﬁ%"@ﬁ&?@%%ﬁga& O%ea ¢ (  an i ncr eased

ggt :\/R%—azi%g%ﬂﬂaﬁﬁg s&il G BT suel kit @ingletpotypeptiieChhings ol Whepl ay the 19G Fc
nucleic acid encoding the GnTIH may be operatively linked to the reporter gene

under the control of a single promoter, such that the nucleic acid encoding the
GnTII and the reporter gene are transcribed into an RNA molecule which is
alternatively spliced into two separate messenger RNA (mRNA) molecules; one
of the resulting mRNAs is translated into said reporter protein, and the other is
translated into said GnTHL

[0057) If several different nucleic acids encoding GnTHI are expressed, they
may be arranged in such way that they are transcribed as one or as several mRNA
molecules. If they are transcribed as a singlf.; 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 altematively spliced into
several separate messenger RNA (mRNA) molecules, which then are each
translated into their respective encoded GnTTII. |

[0058] In other embodiments, the present invention provides host cell expression
systems for the generation of therapeutic antibodies, having an increased

antibody-dependent cellular cytotoxicity, and cells which display the IgG Fc



WO 03/011878 PCT/ US02/ 24739 21 region on the surface t M. (ﬁ%-nediated
cytotoxicity. Generally, the host cell expression systens have been

engi neered and/or selected to express nucleic acids encoding the antibody
for which the production of altered glycoforns is desired, along with at

| east onygwswigd7e aci d encoding GhTllI1. In one enbodi newcr/isigrest cel l
systemis transfected with at | east mne gene encoding GITIII. Typically,
the transfected cells are selectedto identify and isolate clones that
stably express the GTlIl. In another enbodi ment, the host cell has been

sel ected for expression of endogenous GnhTlII. For exanple, cells may be

sel ect ed ' ' ' ' XL eSS| f W se silent
a1 o 84 8 AR Eo R FE et SR BT PO LRRaIR), RIS TSP, P 2T
that is adlbMRession systéinéRivedebn ngindeied an8/ofseledtdl tolRprdhd Midleid-ee 10.

Furthernore, 'met hods known in the art may be used to activate silent
GnTI 11, #&eids emtiodggttheeantityxdytfoowhish the produption o€ ditened glyeeformsiisi ve pronoter,

t he use qf .transposons, retroviral e]enents, _etc o .the use of gene
knockout8 n ‘%&i E’é‘io‘i‘t qu%t gue nyflerc pd ereoding t@ﬂ'@hfrré? M used tg tail or
t he host J I i s | i hin the scope
of the Iﬁ@glﬁ@@ﬁ&%}ggﬁdﬁ%@%@ﬁWé’%&ﬁﬁ%&é@gFﬁ@g@fﬁgﬁ@%ﬂ e used as P

backgr ouGATIN. Tyidtdlgahe trassfedieaddells ak belbdtdits idehtifnmdigotstedlondsnvention. In a
preferred enbodi ment, CHO cells, BHK cells, NSO cells, SP2/0 cells, YO

nyel ona. thaéptably empeesthaCinddlnje asether esthodimentrthe hopt osll bagheess cel |'s or

hybri don | . celd ' | b d. .Typically, h
cort |7 noteGed Yo osBRSliof o, paPEsme BRTITT Xk BpI St Bl U Pt vt ed
nucl ei ¢ gdleéte®tieQtightntatiMbviacRtigeBstyrefiihsTodfrwae sReti Gaqdy. fragment, or a

fusion protein that includes a region equivalent to the Fc region of an
i mmunog| Souéxample, CHM cellst are known ¢o eantyorkitlent@n T HI igpiy thatisactews! | | i ne

fo genclLraipulaf fige foenneinider! & Bireimord FERORRTO8001 Typi cal 1y,
at | east g 16l Bd GsedCidadtivale G130 TBnTaA! inchidbd S MLREAHBSE of T 111, 100611
One or several nucleic acids encoding GhTII T naybe expressed under-the
regulated or constitutive promoter, the use of transposons, retroviral elements,
etc. Also the use of gene knockout technologies or the use of ribozyme methods
may be used to tailor the host cell's GnTIII expression level, and is therefore
within the scope of the invention.
[0059] Any type of cultured cell line can be used as background to engineer the
host eell 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 ceils, PER.C6 cells or hybridoma cells, yeast cell, or insect cells may
be used. Typically, such cell lines are engineered to further comprise at least one
transfected nucleic acid encoding a whole antibody molecule, an antibody
fragment, or a fusion protein that includes a region equivalent fo the Fc region
of an immunoglobulin. In an alternative embodiment, a hybridoma cell line
expressing a particular antibody of interest is used as background cell line to
generate the engineered host cells of the invention.
[0060] Typically, at least one nucleic acid in the host cell system encodes
GnT HL
[0061] Oue or several nucleic acids encoding GeTII may be expressed underthe

control of a constitutive promoter, or altemately, a regulated expression system.



control of a constitutive pronoter, or alternately, ar I essi on
system 03 MARCH 2006 WO 03/011878 PCT/ US02/ 24739 22 sﬁ?&ﬂﬁﬁﬂégﬁ%t ed
expression systens include, but are not limted to, a

tetracycline-regul at ed expressi on system an ecdysone-induci bl e expression

system s as0138vst Ch expression system a gl ucocorti coi d-pewusizRise
expression system a tenperature-inducible pronoter system and a

nmet al | ot hi onei n nmetal - inducible expression system |f several different
nucl ei ¢ aci ds encoding GhTf are conprised w thinthe host cell system sone
of them may be expressed under the control of a constitutive pronoter,

whi | e ot heg r d : r reg d_pronoter. The
maxi nmal 2@%@2@5%%@? | ss@oggﬁtggfé%a '?%E ]ﬁ% %&e@i@ﬁe{é@%g’o%si ble | evel of
st abl e Gidtrdcychidfegabited etpressiclOSftent anh dbdysane-fidaelblel &Ppnéssiadver se ef fect on

cell growth rate, and will be determ ned using routine experinmentation.
Expr essi cistemy allac-swischiexpzessionsyistem, arglucocuticuiddndurible expressioni n t he art,

i ncluding Western bl ot anal ysi s usi.n GnTI R specific ., antibody, Northern .
bl ot ana%@ﬁm‘ B@E‘?“F‘?tﬁr%ﬂ%%f“&f%@e B&W@’Prﬂ?tal?rreasurerrent of
Tl engy i ﬁ@@g'- ' tgmAl a'j_ﬁt et n?&din | oyed whi ch

bi nds toqﬁl osyl%tQ tlgtl:dﬂpélyg uétﬁs‘&g?a%m I e}ﬁ:‘m@)érlggé(lg{nbp e, %?ﬂw lectin. In a
further adré coryprised evithiidwhe host kell gysteai, sormeyf themamgibe expredsgd deked to a
reporter gene; the expression |evels of the glycoprotein-nodifying glycosyl

t r ansf er 4Be canteol aft & canstitutiveypromsten, While gthemse expressed vadedthe t h t he

expressioq viel r .0 transcri bed

t oget her %thle?fﬁ'em&;llﬂ% pgfgé&%% ﬁgf&gﬁ%lﬁ;ﬁ%s%%f%%lﬁ{/%%%{r%@ﬁ%- nodi fyi ng

gl ycosy! e e higheqtsosaibledevel iof glable GRYITNENpRGSI0R that dB& dothasPECt i ve codi ng
sequences may be linked either by an internal ribosone entry site (IRES) or

by a cap-digm adwerse effect| ant ¢ebingrowith et cand(willTl®) detqiminedpeinger gene nay be
transl ated togetherwith at,|east on nucl ei ¢ i d encodi ng,,GhTl 1 such that
2 olng e TR EpARRERBHaf FxplEsion s o sty SoGRRERAIE ng the GuTi 1|
may be ongiodin Meihe hitNisRmding WiSteh BR laRhlysif BMUN RTIH Npesigpt rol of a
single pronoter, such that the nucleic acid encoding the GiTIIl and the

report er gihedyMNortheanblot aratydisi using aGn Hikspeoificautleicviigidgirobg oral t er nat i vel y
spliced into two se[%aénaﬁﬁ nmessenger .. RNA NA% rIDI ecul.es; oge
measurement o enzymatic activity. ternafively, a lectin may be

employed which binds to biosynthetic products of GnTIII, for example, B~-PHA

lectin. In a further altemative, the nucleic acid may be operatively linked to a
reporter gene; the expression levels of the glycoprotein-modifying glycosyl
transferase are determined by measuring a signal correlated with the expression
level of the reporter gene. The reporter gene may transcribed together with the
nucleic acid(s) encoding said glycoprotein-modifying glycosyl transferase as a
single mRNA moleculs; their respective coding sequences may be linked either
by an internal ribosome entry site (IRES) or by a cap-independent translation
enbancer (CITE). The reporter gene may be translated together with at least one
nucleic acid encoding GnTIII such that a single polypeptide chain is formed.
The nucleic acid encoding the GnTTII may be operatively linked to the reporter
gene under the control of a single promoter, such that the nucleic acid encoding

- the GnTIII and the reporter gene are transcribed into an RNA molecule which is
alternatively spliced into two separate messenger RNA (mRNA) molecules; one
ofithe resulting mRINAs is translated into said reporter protein, and the other is
translated into said GoTIIL



of the resulting nMRNAs is translated into said reporter protein, and the

other is translated into said GhTllIl. 03 MARCH 2006 Wa3AARICE 2806
PCTI US02/ 24739 23 100621 If several different nucleic.acids encoding a
GnTIll are expressed, they nmay be arranged in such way that they are

transcri Red as e or as several nRNA nolecules. If the cribed as
singl e nmsipdfﬁgul e, their respecti Y codi ng sequences)ﬁrﬁg{}%ﬂ}g&ﬁpﬁked
either by an internal ribosonme entry™site (IRES) or by a cap-independent
transl ati on enhancer (CITE). They may be transcribed froma single pronoter
into an RNA nol ecule which is alternatively spliced into several separate
nmessenger RNA&H;NA nol ecul es, which then are each translated into their
resd@@ﬁqﬁlve ené ifferent nucleibepide swioding 8y Hilisart expeeted/thdyods which are
wel I known to those.skilled in the art can,be used to ﬂfcff?ﬁﬁ ruct expression

vectors CHHTEPRPREFHHBIC Sty thpt they avsteas ?@??é’nﬁpb?sépﬁ“_ it erest and the
codi ng SM%&E‘ qﬁ%@?ﬁ%@ﬁbm Mﬁhfolechfeaﬁ&ﬁ{%%bmal /transl ati onal

control sig S 1nc e tnvitro feconbl'nant DNA t echni ques,

synt het i @oliiag fetjuetas napbellinked sither Hye@Gntemabiibstme ey sity (BRESYbI nati on. See,
for exanple, thetechni ques described in Maniatis et al., Mlecular C oning
A Labor atobby asamingdependentdragglptionyenhandso(CITEXb Bheytmay be tramperifedo89) and Ausubel

et al., rrent .Protocol.s in ecul Bi.ol o G eene Pub] i shing

Associ at OTRTEHP PRy Ul VA Botteile wigts Hmadel iRttty of host
expressi QEVe@ﬂt&th@é@nﬁ@YQﬁAu(dMA?%&e&ﬁ&E Gachl fi@n #OQhdhd sequence of
the protein of Interest and the codi ng sequence of the GhTIIl. Preferably,
mammal i artrasslated imto ¢heirgespesivehearsddakGd Ty st ens transfected with reconbi nant

pl asm d DNA or cosnmi d DNA expression vectors containing the coding sequence
of the protein of interest and the codi ng sequence of the G1TlIII. Most

preferably, CHO cells, @i%r L8 t%}l&() cells, SP2/0 cells, YO nyeloma cells,
P3X63 nouse nyel om.la' cells, e%ﬁé& cg s, PER C6 cells or hybridoma cells,

yeast cells, or insect cells are used as host cell system In alternate

o oT0G ) o Adethods wigeh are el known to those sialed ia the it Lan be wsedto. T o 0"
construct expression vectors containing the coding sequence of the protein of
interest and the coding sequence of the GnTII and appropriate
transcriptional/translational control signals. These methods include in vitro
recombinant DNA techniques, synthetic techmiques and in vive
recombination/genetic recombination. See, forexample, thetechniques described
in Maniatis ef al., Molecular Cloning A Laboratory Manual, Cold Spring Harbor
Laboratory, N.Y. (1989) and Ausubel et al., Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience, N.Y (1989).

[0064] . A variety ofhost-expression vectorsystems may be utilized to express the

coding sequence of the protein of interest and the coding sequence of the GnTIH.
Preferably, mammalian cells are used as host cell systems transfected with
recombinant plasmid DNA or cosmid DNA expression vectors containing the
coding sequence of the protein of interest and the coding sequence of the GnTIL
Most preferably, CHO cells, BHK cells, NSO cells, SP2/0 cells, YO myeloma
cells, P3X63 mouse myeloma celis, PER cells, PER.CS cells or hybridoma cells,
yeast cells, or insect cells are used as host cell system. In alternate embodiments,

other eukaryotic host cell systems may be contemplated, including, yeast cells

transformed with recombinant yeast expression vectors containing the coding



transfornmed with reconbi nant yeast expression vectors c | Oi e coding
03 MARCH 2006 WD 03/011878 PCTI US02/ 24739 24 sequence @?W‘&gcgf%@& n of

i nterest and the codi ng sequence of the GTlIl; insect cell systens

i nfected with reconbi nant virus expression vectors (e.g., bacul ovirus)
cont ai ni D d3xa1e@di ng sequence of the protein of interestpcamsoziagrzocodi ng
sequence of the GTlIl; plant cell sgystens infected with reconbi nant virus
expression vectors (e.g., cauliflower nosaic virus, CaW,; tobacco nosaic
virus, TW) or transfornmed with reconbi nant plasm d expression vectors (e
g., Ti plasmd) containing the coding sequence of the protein of interest
and the ' ? Cafd Bl i ' A I nfectedwi th
r econbi ngﬁw%ﬁg@%@g%féﬁgﬁavect O%é&dz%s&&d}%n@%&&tﬁ%%?%ﬁﬁ%gﬁci nia virus)

i ncl udi ngelt ebystdnisn dnfected givitk ereedmbinagd rvimk Nexprdstionl eectopi €¢sg.pf t he DNA
encodi ngt he protein of interest and the coding sequence of the GiTl |

ei t her stagnlgvisug|contaimipg thecpding sequsace efithe pioksin ohinterestaadithe doubl e- mi nut e
h ' ' . [00651 Fqr .th hods of t hi .
Cvent: onodic gaienekpt BEXHEI olagl R eyt R eR el FeolEPHAAC: ent ' expr essi on
because 'v'iru&¥£¢r&ﬁidnﬁeléﬁﬁ'(€.§-§%a1ﬂfﬁcﬁv&&ﬁ§é}9%btm,_%GHaE:éomas”éﬂ: also is nore

amenabl e to large scale production. Rather than using expression vectors
whi ch corniras, TMV) at transfoginad with reconibinzat plasmidlegpressial veotarae.pe  transf or med

with the _respective ¢oding nugleic acidg controlled by appropriate
expr essi v RiasmRidbsontaTaing fie, cqking;Sequgics o8 e Droteimaf isrest 884 tishc o

transcri pi.j ) P LON:Slles - Eﬂfj a selectable

mar ker . I@é{i@g\ﬁcﬁ%ﬁﬁ%ﬂfci n rlgﬂﬁjc#lﬂgﬁgﬁ %%%%&%Mtﬂé%aﬁeer ed cells may be
al | oned tvirugleRpireésivn vectbrs (g Sadehofitug; Macoitie ¢irig) dhéludiap el iass are switched to
a selective nedia. The selectable marker in the reconbi nant plasm d confers
resi st ancagingeredio coptapanyliple capigs efithediNAsacading theproteinefintseredhi ch have stably

i nt egrated e plasm d |nt hgi r nes orm foci which
in turn %ﬁﬂ&%eec 04'%%68“%&#8 Og}%%ﬁaggl Sﬁ#ggﬁ& WR“?@@W&%@} E’rA nunber of

sel ect i omnsMblyeEplifed iP&oubiahinuité ShrdMbsines Pelk., Akink coll lifiek)t 0, the herpes
sinplex virus thym di ne ki nase (Wgler et al., Cell 11:223 (1977)),

hy p68&aH hi ne- disathicmestiyide ofthisrii teatiph,stableskpression if Sngtadlyprefegedszybal ski, Proc.

to transient expression because it typically achieves more reproducible results

and also is more amenable to large scale production. 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, enthancer, sequences, transcription
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 selecﬁve 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 turn can be cloned and expanded
into cell lines.

[0066] Anumber of selection systems may be used, including, but not limited to,
the herpes simplex virus thymidine kinase (Wigler et al., Cell 11:223 (1977)),
hypoxanthine-guanine phosphoribosyltransferase (Szybalska & Szybalski, Proc.
Natl. Acad. Sci. USA 48:2026 (1962)), and adenine phosphoribosyltransferase
(Lowy et al., Cell 22:817 (1980)) genes, which can be employed in tic-, hgprt or



Nat|. Acad. Sci. USA 48:2026 (1962)), and adeni ne phosph®fARCY o0eaNnst er ase
(Low et al., Cell 22:817 (1980)) genes, which can be enployed in dc, hgprr
or 03 MARCH 2006 WO 03/011878 25 PCT/ US02/ 24739 aprr cells, respectively.

Al so, antinetabolite resistance can be used as the basis of selection for
dhfr, wRiglyseARfsers resistance to nethotrexate (Wgler ePCHUS224NAt|. Acad.
Sci. USA 77:3567 (1989); O Hare et a8., Proc. Natl. Acad. Sci. USA 78:1527
(1981)); gpt, which confers resistance to nycophenolic acid (Mulligan &
Berg, Proc. Natl. Acad. Sci. USA 78:2072 (1981)); neo, which confers

resi stance to the am nogl ycoside G 418 (Col berre-Garapin et al., J. Ml.
Biol. 1afk Jeelﬁslaﬁﬁl&nveﬁrnﬁklm AhtfmetdbilRdresRBhEs @anrtﬁﬁis?d BRELAsR hygr omycin
(Santerre et at., Gené 1477(1984) genes. Recent addi ti onal selectable
genes haefsdiestion fdedhﬁ'lvhiach cmﬂamlrysﬂtmthontﬂhdﬁreahﬂec(mgbelek glto utilize

dol | h D, whi K | | bi sti nol
"l ace gl 47ad Sei YEAABY (RI5k et Pror Vel asd: SonLBd. Sci - oA

docar boxg 4021 Com i en bR Godes BeRaiB8 b PR AN Doxy ase
i nhi bi t o Bérg, WProk.UNGRRERY | Sci. DUIS4 mzmt(wsr'), BEYHKilE omemoue, in: Current

Commruni cations in Ml ecular Biology, pring Harbor Laboratory ed.
(1987)). rwismqmﬁnﬁmm@mmwh&]é}mmm etobndiMolnBivl.s That Express

b ool AR e AR Rl b bESR GRRH i bgi boT y ot v
gene P OGNS 91 b5 RG] Rdcbie ﬁdahg&afse{ceﬁm R0/ Rl bAPT 02ChES! ()

DNA- DNA or I zat | on; resenc sence of "marker"

gene fundescribed, (xan)elyslqﬁswhghtéik»ﬂsemls of ufilizenawolepin piacasof measured by the
expression of the respective rnRNA transcripts.in the host cell; and (d)

det ect i o YBI® P'E“Hb kg which dllews £sllsin, witlizeghighnal inplass of dystidineny ¢ s
bi ol ogi Cgi-lax% Vg tMP%{gthfsﬁfml Wi Cadda" ki, APEf WBEba7t H9sBfeaRNCe of the
quence of priotern

coding s

glutamine synthase system; and ODC (omithine decarboxylase) which confers
resistance to the ornithine decarboxylase inhibitor, 2-(difluoromethyl)-DL-
ornithine, DFMO (McConlogue, in: Cwrent Communications in Molecular
Biology, Cold Spring Harbor Laboratory ed. (1987)).

ii. Identification Of Transfectants Or Transformants That
Express The Protein Having A Modified Glycosylation
Pattern

[0067) The host cells which contain the coding sequence and which express the

biologically active gene products may be identified by at least four general

' approaches; (a) DNA-DNA or DNA-RNA hybridization; (b) the presence or

absence of "marker" gene functions; (c) 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.

[0068] In the first approach, the presence of the coding sequence of the protein

of interest and the coding sequence of the GnTIII inserted in the expression

vector can be detected by DNA-DNA or DNA-RNA hybridization using probes



of interest and the codi ng sequence of the G1TlII inser ' Xpressi on
vector can be detected by DNA- DNA or DNA- RNA hybridizaPPgﬁAEgngﬁggobes 03
MARCH 2006 WO 03/011878 PCT/ US02/ 24739 26 conpri sing nucl eoti de sequences
that are honol ogous to t'’he respective coding sequences, respectively, or
porti onsWer03#&mi%at i ves thereof. [0069] In the second apBEEaBA22474%

reconbi nant expressi on vector/host s¥stem can be identified 'and sel ected
based upon the presence or absence of certain "marker" gene functions
(e.g., thymdine kinase activity, resistance to antibiotics, resistance to
nmet hotrexate, transformation phenotype, occlusion body formation in

bacul ovi g&8pri el Sg&mﬂés%ati o [atal BG&6e Qididahe protein of
i nt er est an% t ggncoﬁgss guence (ﬁcthe %Qg@q?ﬁ%erte%vﬁhi n a marker
gene sesgeipames, déspebivels o portions onddrivatives shegeatl ai ni ngt he respective coding °
sequences can be identified b% thé@;ﬁtbsence of the marker gene function.

C

Al t E¥0R i vel yIn the sepend apprgaciy ipAng eupression vastsMog sysemhe codi ng

sequences_under -coNt kO f the sane or different onoter used to '
control tffe ee@m%@cgﬁﬁe#ﬂe&gﬁpwtﬁggwgﬂ@eg;a it ARGt t he marker in
r €SPONS e ek Gbited fuREtidhs (ééltﬁ?ﬁﬁcﬁﬁhkiﬁd&@'&diﬁit?ﬁeﬁé’t&ﬁ&%&éﬂbi&fcs} he codi ng
sequence of the protein of interest and the”codi ng sequence of the GTIII.

[ 00701 | resistence thmathatppateatrinsformatiexpliepstypeyakclasion bodyfofroatianhe codi ng regi on
of the rotein.of interest and the coding sequence of the Tl can be
assessedﬁbgac"‘kﬂmpf’o?t%itt &185 ‘”é@'%&?’s‘?ﬂi"o?o sparencerglthe protesa 9fsol ated and

anal yzed; ' a"htirpﬂﬁ R : h odi ng sequences
of the pro rg?t%m%?%{ﬂh]flgééé}tﬁe@ndgg% e cog&ng se‘gg‘g%(&}gaig%%cﬁgm Tl or

parti cul ssquesoeiof theSrettbs rexofnbinaAtsicentaininigied respectitedodingsequenceaci ds of the host
cell may be extracted and assayed fqr hybridization to_such probes. [0071]

In the fsmbﬂdmmeﬁh@nﬁgmgw5@nqﬁie?tmnot@.t¢m§mbu@tsbof the - |
. . . A
P ol o ke bt SR néldeeif a6iiah Rt BEINERE Sodtlnd A SpdB Bl - 205005

un( T ) tern bro I Tmuno §such as
radi oi MManereREAE bP Hiffekdn® Prorfdtéyiged th Bémeb] kP BXPpRASISAYS tidvddinge | i ke. The

ultimate test of,the success of the expression system however, involves the
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 GnTIIL.

[0070] In the third approach, transcriptional activity for the coding region of the
protein of interest and the coding sequence of the GnTHI can be assessed by
hybridization assays. For example, RNA can be isolated and analyzed by
Northem blot using a probe homologous to the coding sequences of the protein
of interest and the coding sequence of the GnTIII or particular portions thereof.
Alternatively, total nucleic acids of the host cell may be extracted and assayed
for hybridization to such probes.

[0071] In the fourth approach, the expression of the protein products of the
protein of interest and the coding sequence of the GnTIH can be assessed
immunologically, for example by Western blots, immunoassays such as
radioimmuno-precipitation, enzyme-linked immunoassays and the like. The
ultimate tést of ‘the success of the expression system, however, involves the

detection of the biologically active gene products.



detection of the biologically active gene products. Wéﬁ)ﬁ)

03/ 011878 PCT/ USQ2/ 24739 27 b. Ceneration And Use O‘ Proteins Pr otein
Fragnents Having Altered G ycosylation Patterns i. CGeneration And Use O
Ant i bodi es Havi ng I ncreased Antibody-Dependent Cellular Cytotoxicity 100721
I n pref enyggsfiipdi ments, the present invention provides ghyfghaiw of

anti bodi es and anti body fragrrent s hawypng increased anti body-dependent
cellular cytotoxicity. 100731 Cinical trials of unconjugated nonocl onal
anti bodies (mAbs) for the treatnent of some types of cancer have recently
yi el ded encouraging results. Dillmn, Cancer Biother. & Radi opharm

12:223-25 (1997) o et al 18: 127 A chineric,
unconj ugat ed | % Ag B?%@gﬁf%l?yﬂﬁfr@{%gr é}%"aﬁl ar B-cell
non- Hodgki n' s Iyrrp C@)QIYWHUOEBN@@&S Bi ot her. & Radi opharm 12:223-25
(1997), while another unconjugated mAb, a humani zed g3 targeting solid
breast tunors, has jal so GafatidhoNnd KsePOP Ariibodies Havipt Ficieasgdhase |11

clinical trials. Deo et '%tlitg/o‘igxpresgag)ceﬁw 03&1@! 7 (1997). The antigens

of these two mAbs are hig In thelfr Trespective tunor cells and
the anti bodi es nedi ate potent tunor destructlon by effector cells in vitro
and in_vivo. In contrast many ot her unconjugated mAbs w th fine tunor

speclO0VZ) t | es Iameferr mb@meewttéeptﬁsemWVWOﬂﬂewmfemﬁ potency to be

T e 5 e s AL -

cyt oki ne' gistoriRityl S currently bei ng tested Addi tion of cytokines can
stinul ate antibody-dependent cellular cytotoxicity (ADCC) by increasing the

act i 073] and Glinisdrtrials of mggmmgatﬁ@ mopaglhodyantibodies GeAbgitfonthe, Cancer

80:317-33_(199 Sur.f us 19: 184-91 (1996). ADCC, a
lytic at tgéﬂjfmﬁ'ﬁt)dfa{"ﬁﬂem g aqaag?relz?vgéﬁ%ﬁy v ée?‘%ldlcé‘ﬁ%‘fr@%fnﬁﬁﬁqﬂ'{%l ndl) ng of

| eukocyt ep{IRRAD Okrzet Bibther. &onaa@gh&ﬁglmziﬁé (P897@N1DBogh g5, Deo et al.

| mrunol ogy Today 18:127 (1997 74] A'different, but conplenentary,

appr oach fmnwmiagraﬁm’aﬁ@@@ac(ﬂ 99/7i)t VA ohlmenc, 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

mADb, a humanized IgG1 targeting solid breast tumors, has also been showing
promising results in phase III clinical trials. Deo et al,, Immunology Today
18:127 (1997). The antigens of these two mAbs are highly expressed in their
respective tumor cells and the antibodies mediate potent tumor destruction by
effector cells in vitro and in vivo. In conirast, many other unconjugated mAbs
with fine tumor specificities cannot tngger effector functions of sufficient
potency to be clinically useful. Frost etal., Cancer 8§0:317-33 (1997); Surfus et
al., J. Immunother. 19:184-91 (1996). For some of these weaker mAbs, adjunct
cytokine therapy is currently being tested. Addition of cytokines can stimulate
antibody-dependent cellular cytotoxicity (ADCC) by increasing the activity and
number of circulating lymphocytes. Frost et al., Cancer 80:317-33 (1997);
Surfus et al., J. Immunother. 19:184-91 (1996). ADCC, a lytic attack on
antibody-targeted cells, is triggered upon binding of leukocyte receptors to the
constantregion (Fc) of antibodies. Deo et al., Inmunology Today 18:127 (1997).
[0074] A different, but complementary, approach to increase ADCC activity of
unconjugated IgGls is to engineer the Fc region of the antibody to increase its



unconjugated 1g@s is to engineer the Fc region of the ' I ncrease
its 03 MARCH 2006 WD 03/011878 PCT/ US02/ 24739 28 affi nﬁ]@d%@*{%@“

| ynphocyte receptors (FcyRs). Protein engineering studies have shown that
FcyRs interact with the | ower hinge region of the 1gG CH2 domain. Lund et
al ., J. WeDe1878157: 4963-69 (1996). However, FcyR bi ndi neCBUSK/24730qUi r es
the presence of oligosaccharides cova@Bently attached at the conserved Asn
297 in the CH2 region. Lund et al., J. Inmunol. 157:4963-69 (1996); Wi ght
and Morrison, Trends Biotech. 15:26-31 (1997), suggesting that either

ol i gosacchari de andpol ypeptide both directly contribute to the interaction

! . _bot! e ute e
ol ypept ity oh e PR AEE Bt (ARG bl ea b PRSI 2 st Vit ure can
theref or ghben ﬂ%ﬁjl(@ﬁt@&t@iﬂﬁﬁ@&ﬂe?hﬂn@&f@?&ﬁoﬂtﬁﬂg@ CHDigbMatl the

I nteraction. [0075] An 1gG nol ecule carries two N-1inked oligosaccharides i n
its Fc rdgindret alode homuralc H5Rd93r6¢ (HI9%). Aovenyr, FoyRdpndingilsp an anti body is
produced as.a _popul atio f glycqforns which share {he sane, pol ypeptide .
backbonerﬁl}lneﬂélg'égmﬁmé? eﬁzosgf%@é%&eﬁﬂmﬁ%%&éw&cevéertVﬁ% gl ycosyl ati on
sites. T | 90, L Ly f | . bggy. of serurn 1gG
are of cc?%ﬁll%? Hlbtl'il-%an erl{%é?‘; ?‘%@%%’rﬁa c’ﬂ'g{al'a{%gé?o@ﬁgag@fry 36: 130- 38
(1997), Wiight @il Mogrisoh, FrenieBiovardl 152651 €1957), dupsitibg gRckihRg

N-acetyl gl ucosam ne (GLcNAc), and a variable degree ofterm nal

gal act ozﬂl@ma@M@cﬁleﬂlmyb@thdismﬂyson@ibytq}qtb@@te@ggguitpor hat the m ni mal
car bohydrat.e, st ruct ure r ired f.ar Fe yR bindi.n €S, Wthin the

o1 | gos o SHESscEarid e ab et Yo mmipli By REARE CH2GRor s 0oc)'® e
removal  Qbhfiihafiah. BRIIREEADE Df (RSSHgoSackRarRiRM A P! tHergfor®bd Ol dr educt i on

in ADCC activity, indicating a role for these residues in FcyR receptor

bi ndi ng. exploneil asta mikans tg increaseithe laffiniy f 4lo6iRtedBti0A006) [ 0076] The nopuse- or

ha -derived | Lines used ipn .indystry and.acadenia for production of
ungﬁhﬁ_ﬂat ed t%fgba?kﬁceﬁrﬁaea?s ﬁ%?ﬂélﬂqﬁ?HS{‘_gééFFh@ﬁ@“F’é&ngwo%l i gosacchari de
determ n%&g%ﬂt%cgmw&ﬁin_l gl an ?)gé}gg u%,laﬂ ahﬁg&fy ﬁ%&d&c&&‘&‘ssal ack, however,

t he bisecting c “f ound nts 1n serumtgGs. Lifely et al.,
A ycobi olpogylaidsd oBilyc@driid @Bich shdre thegaine polypeptidedackteone batthavebser ved t hat

different oligosaccharides attached fo the glycosylation sites.  The

oligosaccharides normally found in the Fc région of serum IgG are of complex
bi-antennary type (Wormald et al., Biochemistry 36:130-38 (1997), with low
level of terminal sialic acid and bisecting N-acetylglucosamine (GlcNAc), and
avariable degree of terminal galactosylation and core fucosylation. Some studies
suggest that the minimal carbohydrate structure required for FcyR binding lies
within the oligosaccharide core. Lund et al., J. Immunol. 157:4963-69 (1996)
The removal of terminal galactoses results in approximately a two-fold reduction
in ADCC activity, indicating a role for these residues in FcyR receptor binding.
Lund et al., J. Immunol. 157:4963-69 (1996)

[0076] The mouse- or hamster-derived cell lines used in industry and academia
for production of unconjugated therapeutic mAbs normally attach the required
oligosaccharide determinants to Fcsites. IgGs expressed in these cell lines lack,
however, the bisecting GIcNAc 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 bisecting
GlcNAc in some of its glycoforms. Lifely et al., Glycobiology 318:813-22



a ratnyel oma- produced, humani zed 1 gGL(CAM ' ATH 1H) carrj ' I ng
GLcNAc in sonme of its glycoforms. Lifely et al., Gycob‘?f;‘?ld%éml&zz 03
MARCH 2006 WD 03/011878 PCT/ US02/ 24739 29 (1995). The rat cell-derived

anti body reached a simlar in vitro ADCC activity as CAMPATH 1 H anti bodi es
produced wooxbasmard cell lines, but at significantly | orerusnitsody
concentrations. [0077] The CAMPATH an®igen is normally present at high

| evel s on Iynphoma cells, and this chinmeric' mAb has high ADCC activity in
t he absence of a bisecting GlcNAc. Lifely et at., G ycobiol ogy 318:813-22
(1995). In the N- linked glycosylation pathway, a bisecting GLcNAc is added

Sthacht o (ol S tar Al dRPGPniby SRRM AMmBARSIAY YT bl L Lo
| nvent or SasuSAMPA TH-TH!atiBédibdyRoinded arbimidad celtfih&chit at didificadiipat was

previ ouslly engi neered to express, in an external l’y-regul ated fashion,
di f f er ent lowey antibody concehtsatéahsGnT | 1| gene. This approach established for the

fi ' | L ati. b , ' T | d the ADCC
act 0074 "or e CRMEA DS SRl rpont IS BB A SFRIRor ¢ pr evi ous y
howed th ' : | $hH: | o ' d net hod had

Dot i xagn SR P chifidc JRY had HighCRDEC hiie i F 2t OF 8 0ai 11 ea Coma.

anti body piseding GlcNAder Lifelg rdt iaf. o Glycoblologe Bl 8:818-23{8998)s Infthe 81-i on condi ti ons.
Briefly, a C2B8 antjbody sanple_ .expressed in CHO tTA C2B8 cells that do not
have GnT Mnkedeslyposylation pathaayda bwfcgr}a GleNAe inedded by thef engymat 31 % (at 1

glm -anti rati NRAS U ' i tro Lysis SB cells
( CD20+) b@ﬁ%ﬁ'%@%ﬁ%&aﬁ{n&lﬁmrc‘ “r@ggg?ﬁjc%a&geﬁ’tb %’85@"‘3%% ved froma CHO
- cell cul t Big @pIEBeEIN1986)NT |11 at a basal, largely repressed |evel showed

at 1 g/ antibody concentration a_33%increase in ADCC activity againstthe
contllogﬂslat t he Thspresant iysatprowned @rsingle andibodyvprogucieg CHO eelt Hnsi ng t he

expressi o f GaT 111, produce & | arge. i ncrease. of al no 80%in the

maxi el ABBCVERPIVIOPS]Y (FUEmEStE 4R exBie ot SRl Eb A P hpar ed (o ¢ he

Klgnt rol agiffefit RUIBoAIIbRRAIUN TANEGHR! "M dpProabiEanlidh &I bRtk B2l  Publication

time arigorous correlation between expression of GnTII and the ADCC activity
of the modified antibody. '
[0079] The present inventors previously showed that C2B8 antibody modified
according to the disclosed method had an about sixteen-fold higher ADCC
activity than the standard, unmodified C2B8 antibody produced under identical

cell culture and purification conditions. Briefly, a C2B8 antibody sample -
expressed in CHO-tTA-C2B8 cells that do not have GnT 11l expression showed.
a cytotoxic activity of about 31% (at 1pug/ml antibody concentration), measured
as in vitro lysis of SB cells (CD20+) by human lymphocytes. In contrast, C2B8
antibody derived from a CHO cell culture expressing GnT III at a basal, largely
repressed level showed at 1ug/mi antibody concentration a 33% increase in
ADCC activity against the control at the same antibody concentration. Moreover,
increasing the expression of GnT I produced a large increase of almost 80% in
the maximal ADCC activity (at 1ptg/ml antibody concentration) compared to the
control at the same antibody concentration. (See International Publication No.
WO 99/54342, the entire contents of which are hereby incorporated by

reference.)



WO 99/ 54342, the entire contents of which are hereby i ngoypai@iEehoty
reference.) 03 MARCH 2006 WD 03/011878 PCT/ U502/ 24739 30 10080] Furt her
anti bodi es of the invention having increased anti body-dependent cellular
cytotoxicity include, but are not |limted to, anti-human neurobl ast oma
nonocl ongly @@ ige®dy (chCE7) produced by the nethods of thetiusynmzson, a
chinmeric anti-human renal cell carcigom nonocl onal anti body (ch-G50)
produced by the nethods of the invention, a humani zed anti - HBR2 nonocl onal
anti body (e.g., Trastuzumab (HERCEPTIN)) produced-by the methods of the
invention a chimeric anti human col on, lung, and breast carci noma

ORISR e RS R GerblEaL e 00

by the meglngsisc abnbi@,emcnmemmf’e nét Hihiesb zae-fidntureblastophor ect al  t unor
anti body (A33 produce?}dlﬂthe met hods of the invention, an anti human
C

mel anoranosoclonalyantibady 73 qreducad dyribe DIﬂﬂB)dgangm ésvedtiomraoduced by t he
net hods of. the i ntion a chineric a hu a cell carcinoma-
nonocl ongﬁl‘m ?‘i}bg ﬁéné‘g)cdlﬂrm%a ﬂe’?‘% 3’%’51 E’ﬁgal nvention, an
anti-hu [ OQJ%CZ, | nCl one
Syst ens, rgﬁd % pro uce ‘ﬁ[}ﬂt %&d‘g&yf 1Eﬁgrpﬁﬁ}mon, an

ant i - hurrantivady- @@q@kmmxmmmnpmmu b§rthe bretods BEsear (tosi t umomab,

Coul ter _Phar, maceut [ cal S Oncol ym ( Techni cl one, , Al pha Ther apeutic))

producedwﬂﬁ%a qatidumagsolon blﬁg,uasﬁbreaﬁc@rﬁmpmmmc nmous cel | head
andneck 3 Vi m;) prepared by
t he met hglg‘5 1 Eo\%%%‘%lth%%étgﬁ Of&' éﬁétgelllmgaﬁ'%@ on car ci noma

nonocl onahmaﬂlvh@%ug@?ﬁmmd@ﬁb@aﬁbmm pfRESIHYthe fabthxds Vel | cone)

prepared by the nethods of the invention, an anti-human ovarian carci noma

nonocl| onaf ﬂmnmngn, memﬁﬁhmﬁdpr%hbmmﬂdﬁéﬁl hods of the
ant 1 bocy Prgrd B s BN ke Budt GBS Be Bt SEefrBRREbER0, (he met hods
of the i prept Hﬂéhtctﬁ'agﬁﬁHt'GDBUé&@hBﬁhé %Pd’&ﬂ&ecﬂbjr Qﬁ@riﬁékﬁﬁ&oﬁﬂth@nt i body
(Cot ara, Technicl one,

invention, and a chxmenc antl-human squamous-cell carcinoma monoclonal

antibody (SF-25) produced by the methods of the invention, an anti-human small

cell lung carcinoma monoclonal antibody (BEC2, ImClone Systems, Merck

KgaA) produced by the methods of the invention, an anti-human non-Hodgkin's

lymphoma monoclonal antibody (Bexxar (tositumomab, Coulter

Pharmaceuticals), Oncolym { Techniclone, Alpha Therapeutic)) produced by the

methods of the invention, an anti-human squamous cell head andneck carcinoma

monoclonal antibody (C225, ImClone Systcms)' prepared by the methods of the

invention, an anti-human rectal and colon carcinoma monoclonal antibody

(Panorex (edrecolomab), Centocot, Glaxo Wellcome) prepared by the methods

of the invention, an anti-human ovarian carcinoma monoclonal antibody

(Theragyn, Antisorna) produced by the methods of the invention, an anti-human

acute myelogenous leukemia carcinoma monoclonal antibody (SmartM195,

Protein Design Labs, Kanebo) produced by the methods of the invention, an anti-

human malignant glioma monoclonal antibody (Cotara, Techniclone, Cambridge

Antibody Technology) produced by the methods of the invention, an anti-human

B cell non-Hodgkins lymphoma monoclonal antibody (IDEC-Y2BS8, IDEC

Pharmaceuticals) produced by the methods of the invention, an anti-human solid



Anti body Technol ogy) produced by the nethods of the invention, an anti-human
B cell non-Hodgkins | ynphoma nonocl onal anti body (1 DEC ;

Phar maceuti cal s) produced by the nethods of the invent ioﬁ\;ﬁggndlgr@lt@?q human
solid 03 MARCH 2006 WO 03/011878 PCTI US02124739 31 tunors nonocl onal

anti body (CEA-Ci de, | nmmunonedics) produced by the nethods of the invention,
an anti - iwg®ipi1eekor ectal carci nona nonocl onal anti body (Poauiisogr24y34- MN-i 4,

| mmunonedi cs) produced by the nethodsi of the invention, an anti human
ovary, kidney, breast, and prostate carcinoma nonoclonal antibody (MX-210,
Medar ex, Novartis) produced by the nethods of the invention, an anti-human
col orectal and pancreas carci nona nonocl onal antibody (TTMA, Pharnmacie &

Upj ohn) C T ' ' ' “%:unan TAG 72

expr essi Egﬁglgr@lg%%yn%&a?r%ﬁgg%(gﬁﬁﬁgrﬁ@%gﬂﬁﬂ*ﬁ%@%y@%ﬁ%ﬁ%x produced by the
met hods ahethdtds bfnthe Nl éxtiond hndiktilhudéieeolorebtal ca&sinbRfAShotbclbAkICi Nnona

monocl onal anti body (MDX-447) produced by the nethods of the invention,

Ant i - VEGRntibedyc(leding 13inMbd dynqramemediss hjrodyned by desompthodsaf theet hods of t he

i nvention, an anti-h n_breast, ,.ung, .prostat and pancreas carci noma and
mal i gnant®FREFSRo AR ?fg’rﬁrﬁ%aﬂvaﬁfntlfl%gy ﬂ%?aéﬁe PROSTE tCAFEBOM3,yr oduced by t he
et hodS _QhorlgdRnb MEBAAAMDIOS (A MMeBek, NOVAFR AL RRBRS

| eukem arm%ocroona ant1 body (Mdnoc on’(?IIAnt | 28‘353%%0 j ugat e?&lum'runex)

pr oduced ofiyhe ineentioh harkmtishurhinecdloreatsitand pandrens adrbidaneimondcloaal nvention i s
directed tq antibody fragnent n&nd Jfusion praqoteins conprising a region that

i s equi vandbedy ol P8, dtharmacis f« J7pip pesd Uy Hhe methodsehfifat i on And Use OF

Fusi on Pr; ke i, Sy | - | val Fc..Region OF An

| mmunogl 6B Pﬁﬁ a FormEe %—%ﬁ%@%ﬁ%@oﬁﬁgﬁfﬁﬁwf% di scussed
above, t{MDXe0/MeddvdProdited by thie efetiads of the investid an adthRie@si ng t he ADCC
activity of therapeutic, antibodies. This is achieved by engineering the

gl ycosyl aﬁcirlahrpxmssieg ﬁaremomagnmcmgli a@ﬁbeﬁliy BHRK-44) pragueeddy then par ticul ar by
o' gos acoltabre Bt I8 br-def. AR THOE nRROAEA b foReRARNC o T

produced by the methods of the invention, an anti-human breast, lung, prostate

and pancreas carcinoma and malignant melanoma monoclonal antibody
(BrevaRex, AltaRex) produced by the methods of the invention, and an anti-
human acute myelogenous leukemiamonoclonal antibody (MonoclonalAt}ﬁbody
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 immunogiobulins.

ii. Generation And Use Of Fusion Proteins Comprising A
Region Bquivalent To An Fc Region Of An
Immunoglobulin That Promote Fc-Mediated Cytotoxicity

[0081) As discussed above, the present invention relates to a method for
increasing the ADCC activity of therapeutic antibodies. This is achieved by
engineering the glycosylation pattern of the Fc region of such antibodies, in
particular by maximizing the proportion of antibody molecules carrying bisected
complex oligosaccharides and bisected hybrid oligosaccharides N-linked to the
conserved glycosylation sites in their Fc regions. This strategy can be applied to
increase Fc-mediated cellular cytotoxicity against undesirable cells mediated by

any molecule carrying a region that is an equivalent to the Fc region of an



conserved glycosylation sites in their Fc regions. Thi %S%Aﬁ(?ﬂhﬂg@” be
applied to increase Fc-mediated cellular cytotoxicity agalnst esirabl e
cells nmediated by any nolecule carrying a region that is an equivalent to
the Fc region of an 03 MARCH 2006 WD 03/011878 PCT/'US02/ 24739 32

i nT nunogWeb@da1t878not only by therapeutic antibodi es, sin®ETUSO24Tdhges

i ntroduced by the engineering of gly&osylation affect only the Fc regi on and
therefore its interactions with the Fc receptors on the surface of effector
cells involved in the ADCC nmechani sm Fc-containing nol ecules to which the
presently disclosed nethods can be applied include, but are not limted to,
(a) sol uahRnbglehilih, Nt ealpSbyBilierapéutd hitiddies,NginkE Othei thaigewi n fused to the
N- termnus of an Fc- regi on (Chanov andAshkenazi, Trends Brotech. 14: 52
(1996) md@mdwﬂmmgmmnanégmw@mu affastmmdy thedictegionasde of a type 11 -

transme e dOITB.I n that zes to the rane fused to the N
Lerm nus tisreigys 1D t"ﬁﬁéﬁ?t&m@tﬁsmﬁa 8 °B|°gt%g€ﬁ°fi% 1357 (1998)).

(00821 | S tﬂftt?ﬁi‘ﬁ ng domain .
di rects ﬂbowt?l‘iﬁi% @F Aﬁgﬁt %@aﬁgpro I'n gr}éey rgﬁtDF% ?Iésuch as cancer
cells, i pregen fwdismedmmhmmaﬁ bfa&pﬂhddﬁnél@de‘, bemaauuuma@to iggydi es. The

appl i cat | on of present]ly disclosed nethodto_enhancet he Fc-rredi ated cel | ul ar

cyt ot oxi golubleifusioy prdeinameade ofye tageting mpteinudassaindused tortheMef or e be
identical _to th thod anplied t her.a eut n 00831 In the
case of HE E 6??5}0838?%%% @aﬁ‘s% @ﬁ’g" fﬁ'n}jfg#f@g cells in the
body havegnd yw&ﬁﬁsmrmcﬁmadmsﬁntﬂ%ch%epwtaew Ehl s can be
achi eved either by gene therapy approaches, i.e by transfecting the cells

in vi vohmmwmbrpmaémmdndhat&mahmmah@lwmmemcﬁaeéquﬂm%—l on of the

f t di bl e | ant at

the. body HGTUREIof & FE ety iy Bty Naaredfioth.do E0AB98H Lk on protei n on
t hej dos@!rfacem th-gh«%séa salubte%éléu W,% d@ gﬁg{?%%b@\;ﬁﬁ&% in the body

i nside pol ymer capsu (encaps y ere they cannot be
dest royedbnﬂmn@ftﬁcﬁmdlpmmdtouﬂddsuhlaeceﬂﬁtqmﬂmsman¢eycdm;hanm However shoul d
the capsul e device fail and the pi ngmcel | s becone undesirable, then

t hey can apalogous,faghipn do ngfﬁﬁﬂqﬁ’éd@é'?’@& ¢ application of presently

disclosed method to enhance the Fe-mediated cellular cytotoxic activity mcd1ated

.-

by these molecules would - therefore be identical to the method applied to
therapeutic antibodies. "

[0083] In the case of membrane-anchored fusion proteins (b) the undesirable
cells in the body have to express the gene encoding tﬁc fusion protein. This can
be achieved either by gene therapy approaches, i.e., by transfecting the celis in
vivo with a plasmid or viral vector that directs expression of the fusion protein-
encoding gene to undesirable cells, or by implantation in the body of cells
genetically engineered to express the fusion protein on their surface. The later
cells would normally be implanted in the body inside a polymer capsule
(encapsulated cell therapy) where they cannot be destroyed by an Fe-mediated
cellular cytotoxicity mechanism. However should the capsule device fail and the
escaping cells become undesirable, then they can be eliminated by Fc-mediated
cellular cytotoxicity. Stabila et al., Nature Biotech. 16: 1357 (1998). In this
case, the presently disclosed method would be applied either by incorporating
into the gene therapy vector an additional gene expression cassette directing

adequate or maximal expression levels of GnT III or by engineering the ‘cells to



cellular cytotoxicity. Stabila et al., Nature Biotech. " 98). In
this case, the presently disclosed nethod woul d be appﬁ%‘ﬁé?&%ﬁby

i ncorporating into the gene therapy vector an additional gene expression

cassette directing adequate or nmaxi mal expression levels of GhT Il or by
engi neer iwmg 030msgmel | s to 03 MARCH 2006 WO 03/011878 PCT/ USORUSR23BY 33 be
I npl anted to express adequate or naxiddml |levels of GiT IIl. In both cases,

the aimof the disclosed nethod is to increase or maxi m ze the proportion of
surface-di spl ayed Fe regions carrying bisected conpl ex oligosacchari des
and/or bisected hybrid oligosaccharides. [00841 The exanpl es bel ow explain
the 'nVerUc'iﬁ@ldnEbdr‘t‘Breﬁpﬂ@éﬁiehuaté_ﬁﬁmfaﬁﬂa?mv@ﬁ of GrfAPA ah befkScaddad exanpl es are
given to enable those skilled in the art to mpre <clearly understand and to
practi ce thbeinppbthentisclosed mdthed isTh énqreass @n maximiza theoproporkiowefier , i s not
limted in scope by the exenplified enhodi npnts, which are  intended as

i 11 ust ratwrfa%e-@fplgmgﬁcgeaewu@r%mﬁ@ comBlep gosgeAbpridesmdiet hods  whi ch
are functy:anal i .afe Wthin the scope of the invention. |ndeed,

PR PG Rt

vari ous 't Invention in addition,to those descri bed herein

wi | ljpodgcome apRakafples Belowegplaimithe indehtion ih Rredetaill TREYSIAViIALT €90i ng
description and acconpanying draw ngs. Such nodifications are intended to
fall wit Hjreparatons snd pramgiles sre givepdo dneble Hserskillskinnie Ertto Nere Ver si ons of the

Chineric Antj - 0. Anti body | DEC-C2B8 . .Havi.n hanced, Ant i body- Dependent
Col 10l ar SPriyagstand sbe BaFpiGe B TSGRt R YRR RREGIALN o an | DEC. CEB 8
Produci ngyoGRlbe b A5 1RRR5Hh sy B BicSexefnph{ifed dmBbdifRAls "M £8S of | DEC- C2B8

and construction of mamalian expression vectors. cDNAs encodi ng the VH and
VL regi onstenfled dsOHUstER88s af sinplechspevis of the Savdnkion ofilypandimetiiodesf over | appi ng
si ngl e-stranded _ oligqonucl eofi des i.n, a_ one-st process using PCR

( Kobay as ¥hickare f@tctlapali} cqswaiené%rﬁm“&ub@c 2@95@35%@%019 grsdsed, The ori gi nal

Sequence.&?i%ﬁs %g{iﬂgggﬁ&f%f{hg%en&@?& afditfido HidsV BLEinRRIGR ditf T om @ publi shed

I nt ernati ona
become apparent to those skilled in the art from the foregoing description and

accompanying drawings. Such modifications are intended to fall within the

scope of the appended claims.

EXAMPLE 1

New Versions of the Chimeric Anti-CD20 Antibody IDEC-C2B8
Having Enhanced Antibody-Dependent Cellular Cytotoxicity
Obtained by Glycosylation Engineering of an IDEC-CEB8
Producing Cell Line

f0085] Synthesis of VH and VL coding regions of IDEC-C2B8 and construction
of mammalian expression vectors. cDNAs encoding the VH and VL regions of
IDEC-C2BS8 antibody were assembled from a set of overlapping single-stranded
oligonucleotides in a one-step process using PCR (Kobayashi, N., et al,
Biotechnigues 23:500-503 (1997)). The original sequence datacoding for IDEC-
C2B8 VL and VH were obtained from a published international patent
application (International Publication Number: WO 94/11026). Assembled VL
and VH cDNA fragments were subcloned into pBluescriptIKS(+), sequenced
and directly joined by ligation to the human constant light (Ig k) and heavy (IgGt)

chain cDNAs, respectively, using unique restriction sites introduced at the



application (International Publication Nunber: WO 94/ 11%@?@ §éd ed VL
and VH cDNA fragnents were subcl oned into pBluescriptll sequenced and
directly j oined by ligation to the hunman constant |ight (lgic) and heavy
(1gGd) <chain cDNAs, respectively, using unique restriction sites

I nt r oducewoas/oils®s 03 MARCH 2006 WO 03/ 011878 PCT/ US02/ 247801/uS#k/24239 abl e and
constant region junctions without alt®ring the original amno acid residue
sequence (Umana, P., et al., Nat Biotechnol. 17:176-180 (1999); Reff, M

E., et al., Blood 83:435-445 (1994)). Each full-length cDNA was separately
subcl oned into pcDNA3. 1(+) (! nvitrogen Leek, The Net herl ands) vyi el ding
manmal i any bl ébﬂst!ﬁﬁ’épgibg hutitiofis 'Mfﬁdidt%lt&%hl: biPhal #MABELY and heavy
(pC2B8H) chains. 100861 dction of i n"CHO cel I's expressing

doer ent Imﬂhs sefuen@(Urhanal=Bt, ad bl SMaveRivteciinol IG: 1C6KD30 €1999); Buffy, CHO- t et

OnTl I | ressin di fferent vel s of CGnrlll depending on the tetracycline
concent ra En o & :W@"d%f‘ﬁrf‘@ﬁ@a ﬁnﬁa‘&’fﬂ‘}“ C&" Apvas sepgratsly al- cel | 1ine

that d . U P., et
al s N criElonfd B RopifBA T, (7ipaEEY R he MouRiglde] iddng STTIT 1 ©
Bi oeng.  Giaheidifaf Sxp8ON Vectbadr Gfikeric (2BS ge (FL2BBRYaRSAGRY W th vect or's
pC2B8L, pC2B8H, and pZeoSVZ2(+) (for Zeocinresistance; Invitiogen, Leek, The

Net her | anﬂQZHSﬁ)WQaJaS cal cium phosphat e nethod. Zeocin resi st ant clones were
tran ed to,a 96-we for uctlon usi ng
an E assayP ?ﬁ%‘&'f“f’f 6}-{1&% @ﬁﬁﬂrﬁa glg‘n"s’?'é‘ﬁfmgéigé%ﬂ’t( hr ee | DEC- C2B8
sarrpl es %ﬁd PWER@B% 1€ HihdsU (8 0-2dt-Gn A | one (CHO
tet-GaTlI H CZB&) ering onl ?ﬁ)‘ St:ehe t &t racgéélc?nne c%ﬁ%eﬁi'? ation added to

t he medi udiffe®ns lé&lsamfdGﬁ‘])ﬂDder‘nding onethp eettacyaling )concabrttioreinsthper nat ant s wer e
harvested iin the |ate phas An addi tjonal antibody sanpl e was
obt ai ned FHIBRS @W@J&%M eﬂbllflcrﬁb%zbgs neL PMIFSEd under

i denti cal ?ﬁfﬂs éqﬂr f@ﬂfl t medi um

Ant i body gg‘rrp es vvere puri &g&%l Qlﬁ’tpu’rétai %%% &gmBPﬁ eln Aaffinity
chr omat ogt $(pf1y9sk) Unianh [Fey et ak Braregkmb] BloehB85302- 5a9m99);nE@ohccblange colum as

previ ousli/ descri bed (Urana, P., et _al., Nat
ine was cotranfected with vectors pCZBSL 'pC2B8H, and pZeoSV2(H) (for

Zeocinresistance; Invitrogen, Leek, The Netherlands) using a calcium phosphate
method. Zeocin resistant clones were transferred to a 96-well plate and assayed
for IDEC-C2B8 production using an ELISA assay specific for the human
constant region (4). Three IDEC-C2B8 samples were obtained from parallel
cultures of a selected clone (CHO-tet-GnTII-C2B8), differing only in the
tetracycline concentration added to the medium (25, 50 and 2000 ng/mi
respectively). Culture supernatants were harvested in the late exponential phase.
An additional aotibody sample was obtained from a CHO-tTA-derived clone,
CHO-TA-C2B8, cultured under identical conditions but without adding
tetracycline to the medium. Antibody samples were purified from culture
medium by protein A affinity chromatography and buffer exchanged to PBS on
a cation exchange column as previously described (Umana, P., et al, Nat
Biotechnol. 17:176-180 (1999)). Antibody concentration was measured using a
fluorescence-based kit from Molecular Probes (Leiden, The Netherlands) with
Rituximab used as standard.

[0087] Indirect immunofluorescence. CD20-positive cells (SB cells; ATCC
depositno. ATCC CCL120) and CD20-negative cells (HSB cells; ATCC deposit



Bi ot echnol . 17:176-180 (1999)). Anti body concentration using a
fl uorescence-based kit from Mol ecul ar Probes (Leiden, T‘?}%ﬁ@ﬁw@%ds) wth

Ri tuxi mab used as standard. (0087] Indirect inmmunofl uorescence.
CD20- positive cells (SB tells; ATCC depositno. ATCC CCL120)
andCD20- mayexa19838cel | s (HSB cel | s; ATCC deposit 03 MARCHPXIOSOMBTO810 1 1 8
7 8 PCTIUS02124739 35 no. ATCC CCL1¥.1) were each incubated for, lh with
2.5iglmM of CHOtet- GhTlII-derived ]]DEC C2B8 anti body in Hank's bal anced
salt solution (G bcoBRL, Basel, Swi tzerland) and 2% bovi ne serum al bum n
fraction V (Roche D agnostics, Rotkreuz, Switzerland) (HBSSB). As a
negative g® . ' if2E i -

ROMTCL c@&@@ﬁ) Wofe daek ﬁldupﬁbtlfﬂﬂ ‘Ffwﬁt | 8%'3’“ JTCHO-t

FI TC-conj ugated, anti-human Fc pol ycl ona was used as a secondary

anti body GSITHerivdd. IDBGHGBE cantibady mabfablids . balmickd sultr goltiani ned using a

Leica fluprescence m croscope . (Wetzlar, K Germany). [00881 {.igosaccharide
profili ngg@@c‘m viasel, Syatzenand)rand Z%abqwqqkqggnn@)lb\gyga@mp i¥Yles were derived

f C2B8 | f Rituximab;
i nd g 1 rbk DEfRoRRIPRER e BUAY] (R GRS PR o6 o5yt ™
C2B8- 50t ,}Iﬁgﬁﬁv%@ﬁwd,ins@@ﬁ@?@@Bﬂbnﬁﬁoa?pAﬂﬁ@%gu e%aﬁﬁshhﬁﬂﬁra descri bed
(Umana, P., et al., Nat Biotechnol. 17:176-18 1999)). Briefly, the

ant i body pelpglpead anihody fwas ased asemsesandery mtibodn (SIGMA S5t LouiaXfaci ens  si al i dase

(Oxford d,ycosci en . Abingson, ,UK). to renoye any sial.ic acid

monosacchdf iSHBPIEE s swaﬁe?wedﬂq‘?&ﬁe@?ﬂ BOFEHCRHA MR %REr e t hen

rel eased W%ﬁktd%m ialylated anti body sanples using peptide N-glycosidase
F (Oxf ord( yCoSClI gl?@es), purified using mcro-colums, and anal yzed by

VALCJOUSEF- NS Ofigamacddaride progibinge rbyARIDIAOR-Miet deupldlr Ndjked e Bi osyst ens,
Far m ngham, I\/Ailam{ 00891 ADCCActi vityAssay. Peripheral blood nononucl ear
cel |'s ( PBRAgOsaEsharides Spefe Megiyed rfmwr{m prithody sepaples, MakdheR™od (in all
Spit

experi men | . V.G
Fi col | - Paﬁ%’é%éﬁ%@%gﬁ”{a‘%&‘@. eca,’%ﬁﬁ%%%%!’gnﬁcén Y Fgradi ent. PBMC
(ef f ect or pwitesrRndrO2BE 28t CRB8-50t, C2B8-2000t, and C2B8-nt, (100 g each) as

previously described (Umana, P., ef al., Nat Biotechnol. 17:176-180 (1999)).

nt Ljﬂf ugati on over a

(@) a))

Briefly, the antibody samples were first treated with Arthrobacter ureafaciens
sialidase (Oxford Glycosciences, Abingson, UK) to remove any sialic acid
monosaccharide residues. Neutral N-linked oligosaccharides were thenreleased
from the desialylated antibody samples using peptide-N-glycosidase F (Oxford
Glycosciences), purified using micro-columns, and analyzed by MALDI/TOF-
MS in an Elite Voyager 400 spectrometer (Perseptive Biosystems, Farmingham,
MA).

[0089] ADCC Activity Assay. Peripheral blood mononuclear ceils (PBMC) were
separated from heparinated fresh human blood (in all experiments obtained from
the same healthy donor) by centrifugation over a Ficoll-Paque (Pharmacia
Biotech, Diibendorf, Switzerland) gradient. PBMC (effector) were depleted of
monocytes by plastic adherence. CD20-positive SB (target) cells, were labeled
for 90min with 100pCi **Cr (Amersham, Diibendorf, Switzeriand) at 37°C,
washed twice in RPMI (GibcoBRL, Basel, Switzerland) and resuspended at a
concentration of 10° cells/ml. Fifty microliters of C2B8 mAb diluted m RPMI
medium was added to 100 ul SB cells (10,000 cells/well) in a 96-well ro‘und :
bottom microtiter plate (Greiner, Langenthal, Switzerland), centrifuged at 50xg



nonocytes by plastic adherence. CD20-positive SB (targebgg; O3 200
| abeled for 90mn with 100G -"Cr (Amersham Dubendorf vmtzer%and) at 37
C, washed twice in RPM (G bcoBRL Basel, Switzerland) and resuspended at a
concentration of 105 cells/m. Fifty rricroliters of C2B8 mAb diluted in RPW
medi um waso asighaghst 0 100 Al SB cells (10,000 cells/well) ircEUSB/24239 round
bottommcrotiter plate (Geiner, Larsgenthal, Switzerland), centrifuged at
50xg 03 MARCH 2006 WD 03/011878 PCTI USQ2/ 24739 36 for 1min, and incubated
for |h .at 4 C. Subsequently, 50 | of effector cell (suspended at 2x10'
cells/m in RPM medi un) were added to each 96-well vyielding a final ET

rati o of 10 at r. 4h at 3 %CCR, super nat ant
was harve ggn ﬂf@%ﬂ@ﬁﬁﬁaﬁ Pﬂg“t g'éb QW‘E% {%Rqagﬁ]%&érr% runents,

Sterli ng ndéWatCOUD! REl1S/RRin I‘n '% FEhKREAG ¢ @ 6-wefir a 05005 Y
count er berra Packard, Meriden, xI mum (MR) and spontaneous (SR)
rel eases yxeldmgosbﬁaalnﬁﬂ‘ ia;aoaxﬁdmg Plhmsmwlmﬁlﬁz@foﬂﬂh at 300C daml of | % Noni det
(Sigma, St. Louis) or 1001 of RPM pedium respectively, to 100 | | abeled

target cet¥60: qupematant Has hamyested with gSkapnbarvesing syswm (3kalion Specific | ysi s

e AL RS A LA e B0 o, 5, 10

speci fic gsgosop @oﬁu&d g@&ben'gﬁckﬁﬁ, Melkd,! CTE! IMaxitinah(MRF 208

tetracycline- regu at ed expression of G1Tl IT""and stabl e, constitutive
expr essi cﬂpoofanem(ﬂ@@wsweweeebtamﬂbxIaéding,nnbtwanlfélaBSMpW df0production of a

cl one werkd @%ngfa;e@f%@ bRk ot BN e SepReBRY ot  ons, 25, 50

and 2000 poidd 1 T4eRa OfAHQfafaaﬁdhgk tﬂgﬁ!a}’ been shown to
result in d?ff rent I eﬂ\ﬁ% S TITT "and bi se@ dmﬁol I gosacchari des (Unmana,
P., et al Specﬁfaﬂﬁsm(%kﬂmd;aldxlﬂﬁ’cﬁwirﬁﬁhe( fflodjng fommol; (ERSR)é(MR}., Bi ot echnol

Bi oeng. 65;542- 549 (1999)). A C2B8-producing, control cell line that does
not exprég)@ was al so established and cultured under the sane
conditions as for the three parallel cultures of CHOtet-GhTlIII. After

Results and Discussion

[0090] Production of IDEC-C2B8 and verification of specific antigen binding.
CHO-tet-GnTIII cells, with stable, tetracycline-regulated expression of GnTIII
and stable, constitutive expression of IDEC-C2B8, were established and scaled-
up for production of a set of antibody samples. During scale-up, parallel cultures
from the same clone were grown under three different tetracycline

' concentrations, 25, 50 and 2000 ng/ml. These levels of tetracycline had
previously been shown to result in different levels of GnTIIl and bisected
oligosaccharides (Umana, P., et al., Nat Biotechnol. 17:176-180 (1999); Umana,
P., et al., Biotechnol Bioeng. 65:542-549 (1999)). A C2B8-producing, control
cell line that does not express GnTI was also established and cultured under the
same conditions as for the three parallel cultures of CHO-tet-GnTIIL. After
Protein A-affinity chromatography, mAb purity was estimated to be higher than
95% by SDS~PAGE and Coomassie-blue staining. The samples were named
according to the tetracycline concentration added to the culture medium for their
production: C2B8-25t, C2B8-50t, C2B8-2000t and C2B8-nt (i.e., no tetracycline
for the non-bisected control). Sample C2B8-25t showed specificantigen binding



Protein A-affinity chromatography, mAb purity was esti r’r@%@% iégfag | gher
than 95% by SDS- PAGE and Coonassi e-bl ue staining. The “I‘ 9 named

according to the tetracycline concentrati on added to the cul ture nedi um for
their production: C2B8-25t, C2B8-50t, C2B8-2000t andC2B8 nt (i.e., no

t et racycl Wod3/011878 t he non- bi sected control). Sanple C2B 8PQBUS&¥ M
specific antigen binding 03 MARCH 2038 WO 03/ 011878 PCT/ US02/ 24739 37 by

i ndi rect imunofl uorescence using CD20-positive and CD20 negative cells
(FIG 1), indicating that the synthesized VL and VH gene fragments were
functionally correct. 100911 A i gosacchari de profi ling with MALDI | TOF- MS.
The gl ycagyindirdcoimmphisthioréscéice asiah COTOLHRBHI aftvedellzed by

MALDI JTOF--MS of the rel eased, neut raI sacch aride mx. In this

t echni que(FIG! l)g@@fh@ﬁmﬁhéfeﬂleownﬂmlmdewé‘nm genspBagmenss ggpar at e peaks in
t he spect u‘%?aﬂlg‘;{thel proportlons are quantitatively reflected by the

rel ative% (Harvey D. J., Rapid Common Mass Spectrom 7:614-619

(19 ggg%]cHﬁ;\rlley h@‘?fﬁ?ﬁ?ﬁﬁv@"ﬁssr ghed toFdﬂt?f er en@%@%’i gl%)ased on their

expect ed profilecofl éach rmsibedy spmplei wassamatyzed by MALBIEOF-MS oflthgosacchari des
derived fromlgd mAbs produced in the sane host, and _information on the

N-1i nked TG]PP-UQSMEP“W%I@@ ket fn this teshrigue, [aligosacchandesaf corr el at i on

concent r SREE oAt apieet R RAiE A A B i B it R RRIB UL voa 1 om c e

di ff er ent qanfithidRdy refdtpddeby tHS ra@xpR e@ﬁlhe%%ﬂ §éy) BNg., R@gnt, which are
derived from host's t hat doynot exp rglsss GnTHL tlgld not carry bi sect ed

ol i gosac cﬁmmefe&faéﬁmmmﬂéﬂrﬁ-ﬁiﬂw%h Haoveys Bsl., etils 6broedomsvr uct ur es

anount ed t 35% of the oligosa de ol in sanple C2B
8 2000t , {}%3_3%8?2%%9{& Q;?épar@,e SERCHITER WS F‘%é%”r gi" Féﬁr ?Rdgg%ase the main
bi sect ed pakd gﬁsme&harﬁeetedpqa&%cw Fraf¥les, CHIPIORX didfiralUBAE Yo OCal |y assigned
to peaks at mz 1689 and m'z 1851 (Fl G~ 2C). The next higher GnTIl|

expr essi ovligogaceharides dapiel GamEIgHt mAbe graducediin ithec samas bostp andhese peaks

I ncludi ng_.thei.r associate ota Si aduc mz 1705 and 1861) of

((,ﬂ ound 20%forsation o &ggkq%ég 0Sacc, an'iimblosynt{]etlc pathway. )

[0092] A clear correlation was found between GnTIl expression levels (ie.,

tetracycline concentration) and the amount of bisected oligosaccharides derived
from the different antibody samples. As expected, MabThera™ and C2B8-nt,
which are derived from hosts that do not express GnTIII, did not carry bisected
oligosaccharides (FIGS. 2A and 2B). In contrast, bisected structures amounted
ui) to approximately 35% of the oligosaccharides pool in sample C2B8-2000t,1i.e,
at a basal level of GnTII expression. In this case, the main bisected
oligosaccharide peaks were of complex type, unequivocally assigned to peaks at
m/z 1689 and m/z 1851 (FIG. 2C). The next higher GnTIIl expression level,
sample C2B8-50t, led to an increase in these peaks (including their associated
potassium aducts at m/z 1705 and 1861) of around 20%. This increase was
accompanied by a concomitant reduction of their non-bisected counterparts at
m/z 1486 and 1648, respectively (FIG. 2D). At the highest GnTIII expression
level, saminle C2B8-25t, the main substrate for GnTI, m/z 1486, decreased to
almost base-line level, while complex bisected structures (m/z 1689 and 1851)
decreased in favor of increases in peaks at m/z 1664, 1810 and 1826 (FIG. 2E).
These peaks can be assigned either to bisected hybrid compounds, to



acconpani ed by a concom tant reduction of their non-bis parts at
mz 1486 and 1648, respectively (FIG 2D). At the hi ghegga\?ﬁ%ﬁraé@pressi on

| evel , sanple C2B8-25t, the main substrate for GhTIIIl, mlz 1486, decreased
to alnost base-line level, while conplex bisected structures (mz 1689 and
1851) davDpexxestsin favor of increases in peaks atn z 166GRCT/UV2Q4H0d 1826
(FIG 2E). These peaks can be assigd&®d either to bisected hybrid conpounds,
to 03 MARCH 2006 WO 03/011878 PCT/ US02/ 24739 38 gal act osyl at ed conpl ex

ol i gosaccharides, or to a mxture of both. Their relative increase,
however, is consistent wth the accunul ati on of bisected hybrid conpounds,

as GnTl | Igamcwsymaﬁeaﬁgm oﬁgasadéh&rdes,foh% BhBKrebiith. CTHditbelative €ar |y st ages
of the pathway (see FIG 3A and 3B). The anount of bisected

ol i gosacdhereasge however; isr eansistepfpvidix thm acduginiationt gfpeipeatesh diybuid appr oxi mat el y
80% for this sapple 93] ADCC. acti vt f ] DEC- C2B8 gl ycosyl at ed

vari ant s.COHPPP%&gF&GﬁP%G’&IWWa&ﬁMF P@ﬂ@‘%ﬁgmﬁﬁﬁ& ed for ADCC
activity, r Lol - (el T i - L1 ve § | s. An .
addi ti oxasltdﬁni%?fstggﬁgﬁ%zgégn}f@' %ﬁrﬂi\égédB romefﬁgbl%lgr(g‘naaéf&gil | I'ine |acking

GnTI 11,  wsligogdcskaride sttuétdres Seomblex dﬁﬂﬂ&bﬁﬂ&?pe)ﬁéa@ﬁetteﬂnaﬁmm basal GnTlI|
expression |evel and carrying low |evels of bisected oligosaccharides was

sl i ght | y 8086 or shis paraple.nan” C2138-nt (FIG 4A) _ At the next higher ‘Ievel of

b1 < Q895" B RBDCE R T TR stidhnfued vofG, DiRRSHL Kol '
si gni f i canAblytosiionvaiaRs weR donhpasédSfor AP Gfivitd! mbiarddongst  tetracycline

concentration,” sanple C2B8-25t, which contained up to 80% of bisected
ol i gosacchtp ilybis ef CD20-positive Wlscellsgmiid additiora) mAlr samaple,i O2B8-htan t he rest  of

i | P PR 07 ok P i e Al s SIS | ower ant i body
concent at391a6dth rodhedd atWEMafal G @Liﬁﬂiﬁmwc&gﬁhggﬁﬁicam | ncrease

in the maxi na activity wth respect to the contr %vs. 30%
| ysis). 1e09s¢f Hisenield oligdsaBthandes wanblighBpmdid actibethan CBBIe (FIGghest

proportions of _bisected oligosaccharides, were further conpared in ADCC
activity 44). At the next higher level'of GnTII -expression, sample C2B8-50t carried

approximately equal levels of bisected andnon-bisected oligosaccharides, but did
not mediate significantly higher target-cell lysis. However, at the lowest
tetracycline concentration, sample C2B8-25t, which contained up to 80% of
bisected oligosaccharide structures, was significantly more active than the rest
of the samples in the whole antibody concentration range. It reached the
maximal level of ADCC activity of sample C2B8-nt at a 10-fold lower-antibody
concentration (FIG. 4A). Sample C2B8-25t also showed a significant increase
in the maximal ADCC activity with respect to the control (50% vs. 30% Lysis).

{0094] Samples C2B8-50t and C2B8-25t, bearing the highest proportions of
bisected oligosaccharides, were further compared in ADCC activity to
Mabthera™, the version of Rituxan™ currently marketed in Burope (FIG. 4B).
Sample C2B8-50t showed a slight increase in activity whereas sample C2B8-25t
clearly outperformed Mabthera™ atall antibody concentrations. Approximately
a five to tén—fold lower concentration of C2B8-25t was required to reach the
maximal ADCC activity of Mabthera™, and the maximal activity of C2B8-25t
was about 25% higher than that of Mabthera™.



Mabt herant, the version of R tuxanTM currently market edyq FIG 4B).
Sanpl e C2B8-50t showed a slight increase in activity \Aﬁgr@é‘?gg%()g C2B8- 25t
clearly outperformed MabtheraTlll at all antibody concentrations.
Approximately a five to‘ten-fold | ower concentration of C2B8-25t was

requi red woos/easts t he nmaxi mal ADCC activity of Mabt her aTpgTr/esdnbfy nmaxi mal
activity of C2B8-25t was about 25% Bpgher than that of MabtheraTM 03 MARCH
2006 WO 03/011878 PCTI US02/ 24739 39 (00951 These results show that, in
general, the in vitro ADCC activity of the C2B8 antibody correlates with
the proportion of nolecules carrying bisected oligosaccharides in the Fc

regi W ha revi ousl,y r rted that, in the of, chCE7, an anti body
Wi t I{B@Sﬂ ow baga%?%éwﬁ&/ﬁowoﬁgﬁm% i’bﬁ’;”, V'Q? gﬁiﬁ‘?&éﬁﬂ?‘w? eases of
activity Ry sht ' ' @lﬁﬁ{j ' hisgct ed

ol i gosacchari %égﬁg %sgblgﬁg vﬁ?v%‘??f Oungﬁﬁﬁ%&%&?g%@ﬁ%&%ﬁﬁg ant i bodi es
(Umana, Rligoscclztridedit the &t eegiom | Wehad poevi@idiy( EpSit9d thatlinghesease is true for

the C2B8 _mAb. which_already has high ADCC actjvity in the absence of
bi sect ed of shCEaantibody with alowhaseling Jevebof ARCE activitesignificapéry | ar ge

wher o br SRaPEE of AbY, St Gh@R3TRY Beinifh 8 FecsBh T BBREFAY Ly pe (Umana,
P., et aloligodietharides 486%61qhe 1dvelsl fEmldHh adABMocching! Afivbalegnt C2B8 mAb,

such a large boost in activity was only obsefved at 'the highest |evels of
Tl I eXPmsss) Bpets. deidtiptechniod rl€: 1561861 12P9)). iTho sarocisdare farthdrad shift ed

inly t brid,t | G. . . hoth , th I ith th
 ghest - S PPt AEEAL herchigR NG it i dABencs oL EBR cd han non
bi sect d ighfeaRe kA TndRsuasd GUBLRS ot e FeryPhECIAbARPADIE Cat € that

probably both conplex and hy bi sected osacchari des are inportant

f or ADCCasfivitywiwers pE8HE( dtnabletél oHrGWTH exyledsidor wdierd biyested chari des, a

bi secting,GIlcNAc |eads to.a |arge ¢hange in aoligosaccharjde conformations
(Bal aj i , Qbigogacchagdes,werq pedompunan of complex iyps (Unvgaghoa ehaly Netg96)). The
change o | . PRY. |4 | t b S extensively
with t he%gg{e?/’bﬁég?it?dgﬁir fr?ﬂ?%ﬁzmé%ﬁg?ﬁﬁ‘ﬁ e S]LrggP,SJﬁ%{}{a ,lé}g(t%gcﬁ, | mmunol Rev.
163: 59- 76n 6&DEB)Was dhlynateetvbé at the highest levels of GnTII expression studied,

where bisected oligosaccharides had shifted mainly to the hybrid type (FIG. 2).
For both mAbs, the s;Jmples with the highest activities had considerably higher

levels “of bisected than non-bisected oligosaccharides. Together, these
observations indicate that probably both complex and hybrid bisected
oligosaccharides are important for ADCC activity.

[0096] In both complex and hybrid oligosaccharides, a bisecting GIcNAc leads
to a large change in oligosaccharide conformations (Balaji, P. V., et al., Int. J.
Biol. Macromol. 18:101-114 (1996)). The change occurs in a part of the
oligosaccharide that iﬂteracts extensiveiy with the polypeptide in the CH2
domain (Jefferis, R., ef al., Immunol Rev. 163:59-76 (1998)). Since the
polypetide is relatively flexible at this location (Jefferis, R., e al., Immunol Rev.
163:59-76 (1998)), it is possible that the bisecting N-acetylglucosamine is
mediating its biological effects through a conformational change in the Fcregion.
The potentially altered conformations would already exist in nature, as all serum
IgGs carry bisected oligosaccharides. The main difference between the
engme-ered and natural antibodies would be the proportion of molecules

displaying the more active conformations.



polypetide is relatively flexible at this [ocation (Jef i al .,
it i b3 ARCH 200

| mmunol Rev. 163:59-76 (1998)), it is possible that th

N-acetyl glucosanmine is nediating its biological effects through a
conformati onal change in the Fc region. The potentially altered

conf or matwoms/oves d al ready exist in nature, as all serunpctRSE/ReE Y

bi sected ol i gosaccharides. The nmai n dif ference between the engineered and.
nat ural anti bodi es woul d be the proportion of nolecul es displaying the nore
active conformations. 03 MARCH 2006 WD 03/011878 PCT/ US02/ 24739 40 [0097)
Various approaches for increasing the activity of unconjugated mAbs are

curre y und cllnlcal eval yation, .including radio-i ot her apy,
aﬂt il B@% depe BROYehes fardrpreaging e éﬁ?“ﬁ?fﬂ?ﬁ%%ﬂﬁ%éﬁﬁeadj uvant )

I
28?22?4%‘“3{“13%@‘?5 °Bﬁi%%'é%“ﬁi§@ ’gma“iﬁ%fad% @#P"ﬁg%%ﬁﬁ m{’g@ﬂw 183 ? gggzel;

W senan, depedent erlynitlprodiiottitrdse ithuliesxin® ad Bdjuvan 06 8py #RA9) : Hank, J.
A, et al ., Cancer Res 50-52 -5239(1990)) '?’%jese techn’f)l 0ogi es can give

| arge i ncaybakires (Iﬁdekng,y& ealt, Ganesr Iramural Sominatlien. d8463+470i cant | y hi gher '

or oduct | o9 BRI G it el Haatsror s i 188K Hiseatrts 8 dmcon) gt ec
DS, TN Corlaf CORP COfYer 55308 1. SisE @gﬁ)g;@ln%p Y. A3l GE I ChipFRYEY tO obtain

i ncreases I N potency while malntai production process, and

shoul d bammmﬁabl(waoo) rfﬂmﬁcwahmipglmgwm:geua%iﬁazmﬁbw Ver si ons of
the Anti-Re Cel |l Carcingma Antj baody ch@50 Havi Enhanced
Ant i body-tmé d@h@%épﬂﬂ%lg@ﬁs&tb@&w 91d§19ffﬁﬁtﬁeﬂe‘@?e dusdion at i on

Engi neeri Fg' g{ ﬂﬂﬁ! % Eﬁ i[ &gl 00981 SP2/0
nouse nye %g o%ﬁicg ﬁ%ﬂgﬁl%ﬁo h’(ﬁﬁ%céﬁ% SP2/ 0 cell s)
ver e grovua,mpareatmmﬂjugadeu xﬁﬂbéuﬂ‘hcﬁa:ﬂhblﬁgy praBhteAmBicestter b 1: 100 (v/v)
peni-ci I I'inl streptonycinlantinycotic solution (SIGVA Buchs, Switzerland).
Cel | s weraltesnativerveay. tn oBtaIrCincreagesso p;mcthhﬂ@mwunmgpmlpe in Tissue

Quiture Bl a3Ksion NESAM8 utl‘cf'ggapphcaab?e to'itany unconjugated mAbs.

EXAMPLE 2.

New V_ersibns of the Anti-Repal Cell Carcinoma Antibody chG250 Having
Enhanced Antibody-Dependent Cellular Cytotoxicity Obtained by
Glycosylation Engineering of a chG250 Producing Cell Line

1. Cell culture

[0098] SP2/0 mouse myeloma cells producing chG250 chimeric mAb
(wt-chG250-SP2/0 cells) were grown in standard cell culture medinm
supplemented with 1:100 (v/v) penicillin/streptomycin/antimycotic solution
(SIGMA, Buchs, Switzerland). Cells were cultured at 37°C in a 5% CO,
humidified atmosphere in Tissue Culture Flasks. Medium was changed each 3-4
days. Cells were frozen in culture medium containing 10% DMSO.



days. Cells were frozen in culture nmedium contai ni ng 10§% AMStCHCRWARCH 2006
WO 03/ 011878 PCT1US02124739 41 2. Ceneration of SP2/0 cells with

pGhTI H puro expression [00991 w -ch@&50-SP2/0 nyel ona cells were
transfectedby el ectroporationwith a vector for constitutive expression of
Tl ob‘é‘?ﬁ%l\lysy linked via an IRES to a puronycin res‘i’%’ﬁ’ﬁmg“'ﬁéne. 24
hours before el ectroporation cul ture4hedium was changed and cells were
seeded at 5x105 cells/m. Seven mllion cells were centrifuged for 4 mn at
1300 rpmat 4 *C. Cells were washed with 3 nL new nedium and centrifuged
again. Cells were resuspended in a volunme of 0.3-0.5 m of reaction m X,

contai ning 1.25% gdeﬁ&amggpgo%gnﬁgitgg@%pgngﬁw §on Medium The

el ectroporation mx was then transferre m cuvette and pul sed at
| ow vol tage (250-300 V) and high capacitance (960 F) using Gene Pulser from

Bi o After electraoporatiqgn cel]s were gquickly transferred to 6 nL 1.25%
(v/ 998150 cumcﬁh@m@% mw?@lmfsmqmﬂeﬁeabﬁmmm@d at 37 C

Cwo. days Pt T alihEna Epithith SRORRML oty Infla ppees B f0 (e mediom

puronyci a-pueeiysiftredidtiRe geae W4ididuebafore ddtndphation SilfMe fredRll derived cl ones
wer e obtained via FACS and were subsequent|y expanded and mai nt ai ned under

pur onyci wasshengedand cdls wereseeded Bt 5x10° cclistnl. Savanmillion cellsiwarant cl ones were
screened for.. G ITII] ex i on o ern blotting, The Western bl ots
clearly SFBHHEedfor H%Eé%ﬂgyﬁmswwﬁéﬁ% tht BUHSYy t he hi ghest

| evel s ofn&ddiand G 8d SRANRELIR wtd aacin &f m’tﬂgbpo_g_@'ggensity, wher eas
2F1, SDSI%md 4Ca%3n ha {‘%e ?owest band }%s{ﬁgtpeeﬁm ti esv,ot erefore expressing

| ower anomirdfseacfioGnik, tohit{ifing.1.2574 (V08 DMROHnA 2080 WEINRA dilddmf: PCT/ US02/ 24739

42 4. Produgtion and purification of chG50 ponocl onal anti body from seven
Gl | | - epeddwn; Fi electoparatinn mix g ﬂwnltffnﬁf?‘ﬁéd to a 0.4 cm cuvette and

puilsed at low voitage (250-300 V) and high capacitance (960 xF) using Gene
" Pulser from Bio Rad. After electroporation cells were quickly transferred to 6
mb 1.25% (v/v) DMSO culture medium in a T25 culture flask and incubated at
37°C. Stable integranis were selected by applying 2 pg/ml puromycin to the
medium two days after electroporation. After 2-3 weeks a stable,
puromycin-resitant mixed population was obtained. Single-cell derived clones
were obtained via FACS and were subsequently expanded and maintained under

puromycin selection.
3. Westem Blot

[0100] Puromycin-resistant clones were screened for GnTIIl expression by
Western blotting. The Western blots clearly showed that clones 5H12, 4B6 and
4B8 were expressing the highest levels of GnTIII. 5G2 also showed-a GnTIII
band of middle intensity, whereas 2F1, 3D3 and 4G3 had the lowest band

intensities, therefore expressing lower amounts of GnTII (FIG. 5).



{0101] d ones 2F1, 3D3, 4E6, 4138, 4G&3, 5&, 5H12 and the wld type

(wt -ch@&250-SP2/0 cells) were seeded at 3x10' cells/nL | hg(aﬁ ﬁ#ume of
130 m culture medium and cultivated in single Triple- f3I asks ae s used
for seeding were aII in full exponential growh phase therefore cells were
considered to be 'at the sane growh state when the production batches
started. WRPHaI§r e cultivated for 4 days. Supernatants RGHUSIZ#MY t he

anti body were collected in the |ate4xponential growth phase to ensure
reproduci bility. The ch@&50 nonocl onal antibody was purified in two

chromat ographi ¢ steps. Culture supernatants containing the ch@&50

nonocl onal anti body derived fromeach batch were first purified using a

Hi Trap Proteim A andd&bﬁdﬁaﬁ Wﬁ@f&hmsé’fr@h&lmahﬂtﬁm&yﬁ&hy specific for
the human 1gG F. rggj Iggrg QSQ lil&lg&ihé ein A eluate were

buffer exchanged to y ca | On- xc ange chromat 0graphy on a Resource S
M colum (AnershanPharnmacia Bi otech). Final puritywasjudged to be higher
t han 95% from _SDS- st ai ni ng and Coonmssi e blue staining (FIG 6). The
conl®3ftk at i onClames 2, St | 4B6AEEIAE: GBI 2 iand, the Fvildabpecal i brati on

orof 11 ror e AR adR) pERet e ial O A a S e e o130 oy cosing

di ff erenfy EiliureRehﬁwlaﬁdéﬁﬁ%édﬁswéﬁ?ﬁmﬂﬁcak%t?&ﬁs%ﬁfug obt ai ned by

mat ri x-assi sted | aser desorption/ioniZation tinme of flight mass
spect r onwereyall(ibAulDexmetiyl growthiphhseatherefare eklis were combderédie beol ecul ar masses

f the diff t ol h d t 1 Th |1
Quant 1t o8 U8 S8 JREoRat sy ﬁpﬁgﬁ@pﬁé@%heasﬁa%e#eﬁ%ﬁ‘ééoiacﬁﬁir [ de
structurgg, }Mx&&‘fd? 4332& ﬁaﬁirﬁawﬂ\?t‘& kﬁega&ﬁﬁ te‘i’iﬁn?ﬁl%r ed

predom nan? I ons 1owe er some were acconpani ed by

smal | er [aMe eﬂtﬁl’@'owlﬂqﬂﬂse‘tg eﬁmmmoﬂﬁcﬁbmﬁﬁ'[‘h@cm nﬁfnoﬁﬂoﬁalof 16. The
per cent age _of the struycture appearing as pot assi um i on adducts depends 03
MARCH ZO%IWO‘BP&)PEBﬁBd ECHVeShppmategaphia Fteps. CRBUEOWPEMAtEE the matrix and

may t hus ﬁﬁw! ﬁ h% el d
oli gosacc ar ] 'cjil S deriv rogrfgneac )&tfl#&%logé ﬁﬁgle% fa tfﬂ(;%!:ﬂ\i?/alﬁé& anal yzed usi ng
a 2, 5- depyrifieeiddr Hibap Brotein 3 4Bty dlsomBideiaphy JGORIOA id Highly

specific for the human IgG F, region. Pooled samples from the protein A eluate

were buffer exchanged to PBS by cation-exchange chromatography on a
Resource S 1ml column (Amersham Pharmacia Biotech). Final purity was judged
to be higher than 95% from SDS-staining and Coomassie blue staining (FIG. 6).
The concentration of each sample was determined with a standard calibration

curve using wild type antibody with known concentration.

5. Oligosaccharide profiling of mAb preparations derived from the
seven clones expressing different GnTIII levels

[0102] Oligosaccharide profiles were obtained by matrix-assisted laser
desorption/ionization time of flight mass spectrometry (MALDITOF-MS),
which accurately provides the molecular masses of the different oligosaccharide
structures. This technique allows a quantitative analysis of proportions between
different oligosaccharide structures within a mixture. Neutral oligosaccharides
appeared predominantly as [M + Na'] ions, however sometimes they were
accompanied by smaller [M + K] ions, leading to an increase in mass of m/z of

16. The percentage of the structure appearing as potassium ion adducts depends



peaks in the spectra were unequivocally assigned to spegj MJQR@M Sfgacchari de
structures, because of known nonosacchari de conposition and uni que nass.
However, sonetines multiple structures could be assigned to a particul ar
mass. MALDI enables the determ nation of the mass and cannot di stinguish
between WOOHEHE™8 Know edge of the bigsynthetic pathway aPGl/HP&Z4EHs
structural data enable, in nost caséd, the assi gnnent of an oligosacchari de
structure to a peak in the spectrum 101031 A igosaccharides derived from
the mAb sanple produced in w-ch@&50-SP2/0 cell line, that does not express
GnTlI1 1, contained nonbisected biantennary conplex (mz 1486) and nono- or
di - gal actonaii¢ adriteht e e mfeik afd ny niseansbatwesagahfless Arbigtute 65 (FI G 7A),
both a(1,6)-fucosylated in the core region (peaks nm'z 1648 and 1810

r espect i wehipgl N-lipkehaligorgncharides denveddom eachopntibody prepiratiocwed Fe- associ at ed

|| haride .st ftwo t : | hybrid. Conpl
bi Sact od ARV L LN A A drghenscltacid 063 Rl B St SO P iice Bt 2 1543
1689, 17‘}% 1{8%he 3pckichBfete uﬁé&\di¢oc§i§npai ..é%gt%?pé;aﬁ%n Gdafharifg'e | ncrease in

bi sect ed | gosacchari des was® acc concom tant reduction of
peaks nl atriétfifes AbatadsaAdf, krolvat monwsacohatide corhsositivhbinsiendiqut magnpl ex

ol i gosaccharides. For all_  sanples derived fromthe GTlIIIl expressing

cl ones, tHaweysr, somstimes mulkiply staagtnresicopldibe assigney to apasticulsemassy amat i cal | y. As

ted, gy i d_conpk | hari de type.
oot gned Y EDIBEHI R S8kl SUDIARIAREQT haph bR (° 1YPC
expr essi fighidie, KicHiedde 6Fts blosyNalcpallor 8Ned fBhioud Fluchi@dand 5HI2). These

two peaks decreased in favor_ of the accunul ation of bisected conplex and
bi sect ed englle, id mgsh eases,itapassigoment ofan oligp@scharide Fuctnrs toared) . The

percentaqe of bisected conplex oligosaccharides was higher for the sanples
derived ng’rﬁs.lpﬁ ‘ones expressing |ower amounts of GiTlIIlI. This is
congoseRNt  WidlihoshRhhddds deAbed HbEhehe GARL! lsafiRS sodiad! @vel probably

shifts the 03 2006 WO 03/ 011878 PCT/ US02/ 2473 44 biosynthetic flux
t o bi sectvaechiti2s0+SP24 calidingy that, doesmot expresiddn i Hs comdpindtnonbisedtéd/e  proporti ons

of ol s (i O (e oSO ARG Sk aif llackusyfated oubisodted
biantennary complex structures (FIG. 7A), both «(1,6)-fucosylated in the core
region (peaks m/z 1648 and 1810 respectively).
[01.04] Expression of GnTIII generated bisected F,-associated oligosaccharide
structures of two types: complex or hybrid. Complex bisected oligosaccharides
were unequivocally assigned to peaks at m/z 1543, 1689, 1705, 1851 and 1867
(M + K*] adduct). As expected, the increase in bisected oligosaccharides was
accompanied by a concomitant reduction of peaks m/z 1486 and 1648, that
correspond to nonbisected complex oligosaccharides. For all samples derived
from the GnTII expressing clones, the main substrate of GnTII (m/z 1486)
decreased dramatically. As expected, the percentage of the nonbisected complex
oligosaccharide type, assigned to peak at m/z 1648, had the lowest values for the
clones expressing the highest GnTIH levels (clones 456, 4E8, 5G2 and 5H12).
These two peaks decreased in favor of the accumulation of bisected complex and
bisected hybrid type oligosaccharides (FIGS. 7A-7D and 8A-8D). The
percentage of bisected complex oligosaccharides was higher for the samples
derived from the clones expressing lower amounts of GiTIL This is consistent

with the fact that a higher GuTIII expression level probably shifts the



structures, two possible structures could sonetinmes be @gi‘ggﬁgﬁ?#ﬁ?é single

peak. Therefore, sone assunptions were nade in order t t he
percentage of these struyctures over the total oligosaccharide pool. Peaks
mz 1664_ 1680, 1810 and 1826 can be assigned to ei'ther bisected hybrid
type, toYYAPHYMEBy| ated conplex ol i gosaccharides, or a rRGE/USB2619 hem Due
to the fact that the w-antibody préparation had a relatively |ow

per cent age of peak 1664, it was assumed that this peak, appearing in
significant anmounts in the antibody sanples derived fromthe different

cl ones, corresponded entirely to bi sected hybrid structures (FIGS. 7A-7D
and 8A-8 eBkige Mz 1810 and
1826 furl%}lerhmharggjfgdr)}ngg?%%ﬁy as toh%éescb%ﬁbg(rz&ﬁcg@%lﬁ%ﬂlsum’rg?y, by

over expr grspotiomfof Cotliplex dnidsconipbek bikdcppdvanpband. ds bisected hybred wer e
generated and theirrelative proport lons correlatedwith GaTl Il expression
level s. @tunpesdvepoptiblestragtiics senld sumntistes he assigned 9 asinglepeake y by

Cal cei t ent Th ent t hod of

oyt of o] OAFLOFE Ao Qs mRHEng §Fs FEE ol W appioratt Ty FIrORRES col 15 af t or
Incubatlmtﬂusébuﬁé@@re@%ma%m ﬁ%ac'&hddd!e%up@@&seiﬁlz' Wel, fexel tive cells
(target) were labelled with Cal cei n-AM (Mol ecul ar Probes, Eugene, OR)

in 1.8 rrilBlREhdl%«&n@labmgnﬂdtucﬂhenbmdcteﬂxhjbﬂ«B@b BRgalaBengtcdS\M t zer| and)
suppl ement ed, wi t O%fe,t al calf, ser for O mnat 37Cin a 5% CO2
hum di fi S9mPleFoeliERsAechatides, OF|3 mixfureo ug fp dhe fast &at i e nedi um and

Sui L 2br | Aol pEpagili hE e iy 1o B %%@égﬁfﬁg& T, 88 o 06wl 1

(30, 000 meédmﬁwbdttﬁwpw&,appeaﬂ@agmdxgnfﬂchﬁumduﬁawmmﬁbo@isﬁﬁ:ﬂwnt
concentratlons of ant i_body for 1 hour at 4C. Peripheral blood nononuclear

cel I s (PEkeyedwlion thepdifferend dlonsss srssapanded eatirelye tthbisestethhwbribd  (in al |

e R AT P A B R 0 o ©

(Phar WHCIp%atsqmcmmwgﬁffm@Mdhm&deﬂiﬁbngfa@%%etperfaﬁh@ Inere added in
triplicate wells in a 50 L volune, yielding an effector to target
summary, by overexpression of GnTIII, bisected oli gosaccharides structures were

generated and their relative proportions correlated with GnTII expressionlevels.

6. Measurement of antibody mediated cytotoxic activity by
Calcein-AM retention

[0105] The Calcein-AM retention method of measuring cytotoxicity measures
the dye fluorescence remaining in the cells after incubation with the aatibody.
Four million G250 antigen-positive cells (target) were labelled with 10 uM
Calcein-AM (Molecular Probes, Bugene, OR) in 1.8 mL RPMI-1640 cell culture
medium (GIBCO BRL, Basel, Switzerland) supplemented with 10% fetal calf
serum for 30 min at 37°C in a 5% CO, humidified atmosphere. The cells were
washed twice in culture medium and resuspended in 12 mL AIMV serum free
medium (GIBCO BRL, Basel, Switzerland). Labelled cells were then transferred
to U-bottom 96-wells (30,000 cells/well) and incubated in triplicate with
different concentrations of antibody for 1 hour at 4°C. Peripheral blood
mononuclear cells (PBMC) were separated from heparinated fresh human blood

(inall cxperimeﬁts obtained from the same healthy donor) by centrifugation over



ratio (E:T ratio) of 25:1 and a final volune of 200 aL. pl ate
was then incubated for 4 hours at 37Cin a 5% CO2 at noggm%g@%g?%after
the 96-well plate was centrifuged at 700 x g for 5 mn and the supernatants
were discarded. The cell pell ets were washed twi ce with Hank's bal anced
salt sol ®¥@830118718BSS) and | ysed in 200 L 0. 05M sodi um borRGRUSRRHTI? 0.1 %
Triton X-100. Retention of the fluof®&scent dye in the target cells was
measured with a FLUGstarm cropl ate reader (BM3.abTechnol ogi es, O fenburg,
Germany). The specific lysis was calculated relative to a total lysis
control, resulting from exposure of the target cells to saponin (200 g/ nL
I n AUW; -3 Blsiidi h ¥ ISidhdd graaRat ant i body.
Specific lysis (ag%?x%aglﬁ‘&]b?ae%d Wi ?dkfﬂﬁl‘g&%éﬁ%w ng %J:)P?;nﬂlﬂllgg % Cytotoxicity
Fwd- F" - v Werd-alided intteiplicatewellsria pr s ghtvelubies yiel dimg mseffactor totargetr get cel | s
unspecific |lysis by PVBCs, F.P

treated wth di ym al one nd. consi der
represent@t‘?ﬁﬁ‘!@&r‘é‘é@éhéﬁgégﬁ%ﬁq’@m&g% ¢d- The Ro-ardll platgyasnd Fd,.

repr esent fa6gl; ed. W R0 4 nstead of

anti body.ﬁ%%@&%%ﬁz{gﬁgﬁg E”t'Th(g ’Jé?‘f%%@&r&“%%ﬁhﬁ%@g@%%s@ ation variants
of chG250@ell pl s wirkifagdDICIOU0K ki 9 midARMhBGpatRitam@SYdrt Ve Lar get cel |'s
were cultured with 4 PBMCs with and without ch@& antibody sanples at

gi ffer Sn;dimrdﬁﬁnﬁafeﬂ@n’é@tsWteﬁvasbf@ﬁcdvdmwshma@sﬁt@dhwn@wbagt i body
or epar at | GHSERe el it 3 it ftimdtrent SRS €t bt g B,

| nt er medi ten@aadohwﬂg}géydc?gﬁy%%ﬂﬁg@@e&ﬂswﬁwtﬁeﬁﬁﬁe&%ﬂ&a&- [0107]

Unnodi fied ch@50 anti not nediate significant ADCC activity over

t he ent i rELdOstapmicrapiatercaden(BMGiEabTechmol dptes Offembuilg, Gerneany). The y was not
significantl, %,ferent from background) . Augnented ADCC activity (close to
03 MARCH @G@éc 193788 b 4?5’%2‘)0294'5)03@ lygig; control, resulting from

exposure of the target cells to saponin (200 ug/ml in AIMV; SIGMA, Buchs,
Switzerland) instead of exposure to antibody. Specific lysis (%) was calculated

with the following formula:

F.,-F
% Cytotoxicity = —— 2.
Fm _'Fdet

where F,,4 represents the fluorescence of target cells treated with medium alone
and considers unspecific lysis by PMBCs, F,, represents the fluorescence of cells
treated with antibody and F,, represents the fluorescence of cells treated with
saponin instead of antibody.

[0106] To determine the effect of modified glycosylation variants of chG250 on
the in vitro ADCC activity, G250 anﬁg;n—positive target cells were cuttured with
PBMC's with and without chG250 antibody samples at different concentrations.
The cytotoxicity of unmodified chG250 antibody derived from the wild type cell
line was compared with two antibody preparations derived from two cell lines
(3D3, 5H12) expressing intermediate and high GnTIH levels, respectively (see
FIG.5). -

{0107} Unmodified chG250 antibody did not mediate significant ADCC activity
over the entire concentration range used in the assay (the activity was not

significantly different from background). Augmented ADCC activity (close to



20% see FIG 9) at 2 p.g/nL was observed with the anti | erived
fromclone 3D3, which expressed internediate GaTlIII | ev@?y*@@g@?%t oxi c

activity of this antibody sanples did not grow at higher antibody
concentrations. As expected the antibody preparation derived from clone
5H12 showed 0x0u87d ki ng i ncrease over sanples 3D3 and unnbdrfusexk4ass i body in
its ability to nediate ADCC agai nst 46arget cells. The maxi mal ADCC activity
of this antibody preparation was around 50% andwas remarkabl e in medi ating
significant ADCC activity at 125-fold | ess concentrated when conparing with
the unnodified control sanple. EXAMPLE 3 Treatnent of | mune- Medi at ed

Thr omboc b FIGN gﬁm \ | Y/ D sease 101081
Aut oi mmﬁgb/?’%r@g%gb%‘bt;?:% a iﬁ%&%ﬁ‘gﬁﬁe%gﬁésﬁs- h S?d | Sease represents
an i nst arfcemadorn? 3B3,| whiyh rezpressedi intermediatie GnRIH levelniThel cydotoriase. To treat

I mmune- nedi.at ed _t hronbocytopenia_in a subject with chronic, graft-versus-host

di sease, aHviinof thexsngbedsi ssatples didnetere ahhigher antibedy ¢nnsenirationsy t he et hods

ubj oot e Gpbete AR ER bl iy iR QRS Pz fR R 0 155
(4):275- inérehstO8or shinpRs 83 &Rl GRRGARS atibodh iCHls alsiliBefoat¥diafecor porat ed by -

reference). Specifically, a weekly infusion of the antibody, 375 ng/ro.Z is
admi ni st ABEC egaihst targebjcells. The maxived kADCOhactixity idfotys amébalyy produces a
mar ked depletion of B |5 in the peripheral .blaqod_ and eased | evel s of
Tt ol ot ICRRGR Wi A0 e EIG R SiediinE g TRaY ATICC

| mune- Veglighe Ge 1931mTRs Calobnfba iR cBPatRIRIN G uhARHigRal 01091

| mune- %Pgﬁ , aC(§§l| rﬂgﬁ purce red céﬁl aplasia t%Itgi{ltA)“ﬁilis a rare disorder

f requent loonerebsamiple.ed wi t h ot her aut oi mmune phenonena. To treat

I mmune- nedi ated, acquired pure red cell aplasia in a subject, an anti-CD20
03 MARCH 2006 WD 03/011878 PCTNS02/ 24739 47 chineric nonocl onal anti body
prepared by the methods of the pgegpsitgsnvention

Treatment of Iimmune-Mediated Thrombocytopenia in a Patient
with Chronic Graft-Versus-Host Disease

[0108] Autoimmune thrombocytopenia in clironic graft-versus-host disease
| represents an instance of B-cell dysregulation leading to clinical disease. Totreat
immune-mediated thrombocytopenia in a subject with chronic graft-versus-host
disease, an anti-CD20 chimeric monoclonal antibody prepared by the methods

of the present invention and having increased ADCC is administered to the
subjectas described in Ratanatharathomn, V. et al., Ann. Intern. Med. 133(4):275-

79 (2000) (the entire contents of Wbiéh is hereby incorporated by reference).
Specifically, aweekly infusion of the antibody, 375 mg/ni2 is administered to the
subject for 4 weeks. The antibody therapy produces a marked depletion of B

cells in the peripheral blood atid decreased levels of platelet-associated antibody.

EXAMPLE 4

Treatment of Severe, Immune-Mediated, Pure Red Cell Aplasia
and Hemolytic Anemia

[0109] 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 cefl aplasia it a subject, an anti-CD20



and having increased ADCC is adm nistered to the subjec ideed in
Zecca, M et al., Blood 12:3995-97 (1997) (the entire ?:%ﬁ?%ﬁte?:% d%EMi ch are
hereby incorporated by reference). Specifically, a.subject with PRCA and
aut oi nmu ytic anema is given two doses of antib | mx, per
week. Af ﬁ?"g@msbody t her apy, substi“; utive treatnment w ﬁﬂéﬁi{“@ﬁ‘\‘/@gous

i munogl obulin is initiated. This treatnent produces a marked depl eti on of
B cells and a significant rise in reticulocyte count acconpani ed by

i ncreased henogl obin levels. [0110] It will be clear that the invention may
be practiced otherwi se than as particularly described in the foregoing
descri pt i dumenemenegipnabantibadyprepared birtheimethedsiofthe presantiayansier ons of t he

toi tiorn ible,in.li f 1t he bov. hi d,
P e, Rk Ao RBEC Sl o Bl R SEARARES o,
di scl osurgr of apl biopiithiz008-boTods) Nle A ARAARD bEwhiRR!E0hereBPP! | cat i ons,

journal artic aboratory 'man pooks, or ot ocunents) cited
her ei n ariactrported byreferencs)aSpetifisallyed subjuerwith PRCA dudRGidimtfbe 48 C ai ns 1.
Use of an antibody for the preparation of a pharnaceutical _conposition for

the treathempalytyy anemicis givepitwodopesafiagtibady; bume/mdppariwaekaier bi nds t he human
&250 ti d_wh i i t . b I I dto h

ot easedHponD it Sl ARk teafit B infAFen R Rl edRiA 8 TS Ot ed
conpl ex  iajtiateds TaEMREINAEproduddd 8 nfaskdiepleion o B cElisantbasigifiodmei ng to claim 1,

wherein said antibody is the chineric anti-human renal cell carcinoma
nmonoc!| onatisedn rétisutbeytech @it 30comBpanitdbyiocreassd bemoglgbindevdlsii m 1, wherein sai d

ant i is a apti body .fragnent...4. The use.acgordi n o claim1l, wherein
ani dORfH: body e o] e et B Tpation mpy PrdFartiee ShPudfeBadsi val ent 'to ¢ he
Fc regi onpaficuldfly dBIEHBAPInCHRE fhidgoing 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.
[0111] The entire disclosure of all publications (including patents, patent
applications, journal articles, laboratory manuals, books, or other documents)

cited herein are hereby incorporated by reference.



5. The use according to claim1, wherein greater than 50% of the
oligosaccharides in the Fc region of the antibody are biggegh&EH®00dhe use
. according to claim1, wherein greater than 70% of the oligosaccharides in
the Fe region of the antibody are bisected. 7. The use according to claiml1,
wherein the proportion of bisected hybrid oligosaccharides or

gal act osyl ated conplex oligosaccharides or m xtures thereof in the Fc
region is greater than the proportion 48 bisected conplex oligosacchari des
in the Fc region. 8. The use according to claim1l, wherein said antibody
has a glycosylation profile, as analyzed by MALDI / TOF-MS that is

subst anti atlaimequi val ent to that shown in FIG 7D. 9. The use according to
claim1l, wherein said cancer is human renal cell carcinona.

1. Use of an antibody for the preparation of a pharmaceutical
composition for the treatment of cancer, wherein said antibody
specifically binds the human G250 antigen, and wherein said
antibody has been glycoengineered to have an increased proportion
of bisected hybrid oligosaccharides or galactosylated complex
oligosaccharides in the Fc region.

2. The use according to claim 1, wherein said antibody is the
chimeric anti-human renal cell carcinoma monoclonal antibody
chG250.

3. The use according to claim 1, wherein said antibody is an
antibody fragment.

4, The use according to claim 1, wherein said antibody is a
fusion protein that includes a region equivalent to the Fc region of
an immunoglobulin.

5. The use according to claim 1, wherein greater than 50% of

the oligosaccharides in the Fc region of the antibody are bisected.

6. The use according to claim 1, wherein greater than 70% of
the oligosaccharides in the Fc region of the antibody are bisected.

7. The use according to claim 1, wherein the proportion of
bisected hybrid oligosaccharides or galactosylated complex
oligosaccharides or mixtures thereof in the Fc region is greater
than the proportion of bisected complex oligosaccharides in the Fc
region.

8. The use according to claim 1, wherein said antibody has a
glycosylation profile, as analyzed by MALDI/TOF-MS that is
substantially equivalent to that shown in FIG. 7D.

9. The use according to claim 1, wherein said cancer is human
renal cell carcinoma.



