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ol theapaafehrfpabes, ahd deiing ﬁhedﬁb@ two decades, recombinant versions of
naturally-occurring, secreted glycoproteins have been a major product of the
biotechnology industry. Examples include erythropoietin (EPO), therapeutic
monoclonal antibodies (therapeutic mAbs), tissue plasminogen activator (tPA),
interferon-B, (IFN-B), granulocyte-macrophage colony stimulating factor (GM-
CSF), and human chorionic gonadotrophin (hCG). (Cumming et al.,
Glycobiology 1:115-130 (1991)).

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

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

at a particular glycosylation site such that even monoclonal antibodies exist as
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Biotechnol. 17:176-180€1999)). IgGl type antibodies, the most commonly used
antibodies in cancer immunotherapy, are glycoproteins that have a conserved N-
linked glycosylation site at Asn297 in each CH2 domain. The two complex bi-
antennary oligosaccharides attached to Asn297 are buried between the CH2
domains, forming extensive contacts with the polypeptide backbone, and their

presence is essential for the antibody to mediate effector functions such as

antibody dependent cellular cytotoxicity (ADCC) (Lifely, M. R., et al,
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AM., and Ravetch, J. V., J. Exp. Med. 195(12):1653-1659 (June 2002). For
example, the results of at least one study suggest that the FeyRIIIa receptor in
particular is strongly associated with the efficacy of antibody therapy. (Cartron,
G., et al., Blood 99(3):754-757 (February 2002)). That study showed that
patients homozygous for FcyRIIIa have a better response to Rituximab than

heterozygous patients. The authors concluded that the superior response was due

to better in vivo binding of the antibody to FcyRIlla, which resulted in better
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by that host cell. The methods of the invention can be used to produced
theraepeutic antibodies With modified glycosylation in the Fc region, including
reduced fucosylation, wherein the antibodies have increased effector function
and/or increased Fc receptor binding as a result of the modified glycosylation.
The glycoengineered antibodies of the present invention are particularly useful in
therapeutic treatments of tumors in patients. In one embodiments, the host cells
of the invention are glycoengineered to express a nucleic acid molecule encoding
a fusion polypeptide with GnTIII catalytic activity or GalT catalytic activity. Ina
preferred embodiment, the fusion constructs are coexpressed with a nucleic acid

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



reduced fucosyl ation, wherein the antibodi es have
i ncreased effector function and/or increased Fe

WO e@ep63310 bi nding as a result of the nodified PCT/IB2004/000844
gl ycosyl ation. The glyco engi neered anti bodies of the
present invention are particularly useful in
therapeutic treatnents of tunors in patients. In one
enbodi nents, the host cells-0-of the invention are
gl ycoengi neered to express a nucleic acid nolecul e
encodi ng a fusion polypeptide with G1TlIl catal ytic
actuicldid ycid moGahk arbdiny hipdlypeptidd with GnTTEcatyes #fivad. In
enbodi nent fusi on constructs are coexpressed wth

t he.
a Yuanather hﬂ’%nﬁﬁ}teé‘tﬂ glyspenginestpdarplapgniisiss iodethp avesegt

huiﬂ%ht%ﬁn%‘f% O%z‘gﬁéée\ﬁt b}g aaﬁB%tVée‘ily gg?gén%l}e%re\ﬁqg Qe %?cgegaégd

PCT/ 1 B200 844 -6 nucleic ecul e enco
podxppespibh deg avintdleiGnabid nddcaley enoodhagt 4 yotypeptide witktMan 11
ang%ﬁer enbgdinent, t he gl ycoengi neered pol ypepti des
of “AHELLE%t i nvention are produced by a host cel
[0013)| YCOENgEdR@EhEN, In@nBaYRcl tAE[Ra RS is ﬁ?f&{t&fst%' fopdt cﬂwé:leic
nucl ei ¢ acid rol ecul e ‘encodi ng a pol ypeptide W t n
| 1acideanaprisinga sasuendetopcodingd Sisiohamdymbptige, yWwheirein sxié fusion

e BT Pt S ke Sl e
P Odrpeptidkes, thaviBI o IdbaB2itidn HBSRRILT AR MRERTéH g&%}%éplﬁlqg.) In

0(1, 4)-N acetyl glucosam nyl transferase 111 ("C .
actieviodimarf, Sisnpfupien Polspepidst epmprissalthe aathlytic domaimof

of R gl esi [- ide. an adi pent .
C AR Ko R oGl ARG In b R BB OB T e
of loclZationt lerNaimcistsglegled cfasamhenylop asosfietgs f thellocdlizafon
further enbodi nent,, thﬁ &ol gi. localization domain is

s et B Rd % r ml}nﬁéidﬁﬁeou > cHBsi @P?IW@U.@? treainocef i Beb?)oN-
dogeiyfe1dosHRAMRASIARS & 1 (+GiTTe), ltlféQ@{;dlE@ﬁbr?{i‘or?ﬁ@ﬂ?P(]?ﬁ)-N—

(3(1,72)-N- acetyl gl ucosam nyltransferase
t hasetyégludasaminybirandtemasie n [of (“GATII2), - Mhe localization domain of

B A e B o R ARG ol s T deiifisterase. Ina
| osafeirzadt &fhodReR MhofisAatdd GneRie LHC Qééﬂehf:@%{rﬁ)‘i'ﬁésg the

In a greferred enbodi ment the isol ated nucl ei ¢ "acl
s jislartide sensnPs dspicted inrlliS). €4t odEIG efuednemdther praferred

[ . . F Seoln.another preferred . .
erotrmat B elara e fRRbrEe sRiofe Sl reichiade
a guihy pejdtsegecribadepigtetilie Fl@myer BIG d5 S g6l yenap e prertes
in FIG 24 or FIG 25. I n yet another preferred _
enBIRAdHReRt, the Felatedgusleicpclrenasnee seeades 2 pelepentide havagan

a RehY RER AR 1S R identical to the amino acid sequence in FIG. 24
or FIG. 25.

[0014] In another aspect, the invention is directed to an isolated nucleic acid
comprising a sequence encoding a fusion polypeptide, wherein said fusion
polypeptide has B(1,4)-galactosyltransferase (“GalT”) activity and comprises the
Golgi localization domain of a Golgi resident polypeptide. In one embodiment,
the fusion polypeptide comprises the -catalytic domain of B(1,4)-
galactosyltransferase. In another embodiment, the fusion polypeptide comprises
the catalytic domain of f(1,4) galactosyltransferase. In a further embodiment, the
Golgi localization domain is selected from the group consisting of the

localization domain of mannosidase II, the localization domain of B(1,2)-N-
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acetylglucosaminyltransferase II, the localization domain of mannosidase I, and
the localization domain of 01-6 core fucosyltransferase.

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

In another aspect, the present invention is directed to a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
having B(1,4)-N-acetylglucosaminyltransferase III (“GnTHI”) activity in an

amount sufficient to modify the oligosaccharides in the Fc region of a

polypeptide produced by the host cell, wherein said polypeptide produced by said

the invention is directed to BECI/IB2004/000844
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produced by said host cell is Selected fromt
localization domain of mannosidase I., the localization domain of B(1,2)-N-

acetylglucosaminyltransferase II, and the localization domain of al-6 core
fucosyltransferase.

[0020] Preferably, the Golgi localization domain is from mannosidase II or
B(1,2)-N-acetylglucosaminyltransferase 1 or, alternatively, galactosyltransferase.

[0021] In another aspect, the present invention is directed to a fusion polypeptide
having f(1,4)-N-acetylglucosaminyltransferase III activity and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide. In one
embodiment, the fusion polypeptides of the invention compriée the catalytic

domain of B(1,4)-N-acetylglucosaminyltransferase III. In another embodiment,



group consi sting of a whole antibody nol ecul e, an
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B(1,4)-N-acetylglucosaminyltransferase III. Preferably, the fusion polypeptide
comprises the Golgi localization domain of a heterologous Golgi resident
polypeptide selected from the group consisting of the localization domain of
mannosidase II, the localization domain of B(1,2)-N-
acetylglucosaminyltransferase I, the localization domain of mannosidase I, the
localization domain of B(1,2)-N-acetylglucosaminyltransferase II, and the

localization domain of a1-6 core fucosyltransferase.



| ocalization donmain of mannosidase |, the localization
domain of (3(1,2)-N acetylglucosam nyltransferase 11,

w@pa4nbs540 ocal i zati on domain of al -6 core PCT/IB2004/000844
fucosyltransferase. [0023] Preferably, the ol gi
| ocalization domain is from mannosi dase || or

(3(1,2)-Nacetyl glucosam nyltransferase | ("GTI") or
alternatively, galactosylti@nsferase ("GalT"). [0024]

I n anot her aspect, the present invention is directed
to a method for producing a fusion polypeptide having
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| d)é)tmegréqlq &nleGl or a fragment ‘thereof containing the Fc region of the

polypeptide. Alternatively, the polypeptide is a fusion protein that includes a
region equivalent to the Fc region of a human IgG.

[0028] In another aspect, the invention is directed to a method for producing a
polypeptide in a host cell, comprising: (a) culturing ‘a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having p(1,4)-N-
acetylglucosaminyltransferase  III  activity or, alternatively, B(1,4)-
galactosyltransferase (“GalT”) activity, under conditions which permit the
production of a polypeptide selected from the group consisting of a whole
antibody molecule, an antibody fragment containing the Fc region, and a fusion
protein that includes a region equivalent to the Fc region of an immunoglobulin,

wherein said fusion polypeptide is expressed in an amount sufficient to modify
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gal act osyl transferase (" Galll'}“). [0027] In a further

aspect, the invention is directed to a nethod for

nodi fying the glycosylation profile of a polypeptide
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[0029] In another aspect, the invention is directed to pharmaceutical

compositions comprising the antibody, antibody fragment containing the Fc
region, or fusion polypeptide containing the Fc region of an immunoglobulin of
the invention, and to the use of such a pharmaceutical composition in the
treatment of tumors, such as cancers, or other disorders. In one embodiment, the
treatment is B cell depletion by administering a therapeutically effective amount
of such a pharmaceutical composition to a patient, e.g., human, in need thereof.

In yet a further aspect, the invention provides a host cell comprising an
expression vector comprising a nucleic acid molecule encoding a fusion

polypeptide,  wherein said fusion polypeptide has  B(1,4)-N-
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GnTI, the localization domain of GnTTI, the localization domain of Manl, and the
localization domain of a-1,6-core-fucosyltransferase. In one embodiment, the
host cell further comprises an expression vector encoding a polypeptide having
GnTIIL activity. The nucleic acids molecules encoding the fusion polypeptide, the
polypeptide having ManlI activity, and the polypeptide having GnTII activity

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

[0030] In a further aspect, the invention is directed to a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GnT III

activity and at least one nucleic acid encoding a polypeptide having Man II
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[0033] In an add1t10na1 aspect, the invention provides a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GalT
activity, at least one nucleic acid encoding a polypeptide having Man II activity
and at least one nucleic acid encoding a polypeptide having GnT II activity, in an
amount sufficient to modify the oligosaccharides in the Fc region of a
polypeptide produced by said host cell, wherein said polypeptide produced by
said host cell is selected from the group consisting of a whole antibody molecule,
an antibody fragment, and a fusion protein that includes a region equivalent to the

Fc region of an immunoglobin.



said host cell is selected fromthe group consisting
of a whole antibody nol ecule, an antibody fragnent,
wapa4a6¥swsi on protein that includes a regi on epCi/IBDEV00844
to the Fe region of an imunoglobulin. [0031] In an
addi ti onal enbodi nent, the invention provides a host
cell engineered to express at |east one nucleic acid
encodi ng a fusion pol ypeptidé having GhTlIl activity,
at | east one nucl eic acid encoding a pol ypeptide
having Manll activity and at | east one nucleic acid
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produced by said host cell, wherein said pol ypeptide
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[0033]004/ 061?15;{’103 dﬂénlalB%s%%gt/, %angtﬁgd f(;rléroducing a polypeptide having
increased Fc-mediated cellular cytotoﬁicity in a host cell, comprising culturing a
host cell engineered to express at least one nucleic acid encoding GalT and at
least one nucleic acid encoding Man II under conditions which permit the
production of a polypeptide selected from the group consisting of a whole
antibody molecule, an antibody fragment that included the Fc region of an
immunoglobulin, wherein the expression level of one or both of GalT or Man II
is sufficient to modify the oligosaccharides in the Fc region of said polypeptide
produced by said host cell and wherein said polypeptide has increased Fc-

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

polypeptide having increased Fc-mediated cellular cytotoxicity.
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[0040] FIG 1. MALDI/TOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, unmodified (non-glycoengineered) anti-CD20 IgG1
antibody produced in BHK. Cells were transfected with antibody expression
vector pETR1502. Antibody was purified from culture medium and
oligosaccharides were prepared and analyzed as described in the Materials and

Methods section of Example 1.
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conprising: (a) culturing a host cell engineered to
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anttrgogy expression vector pETR1502 and with GnTIII expression vector
pETR1506. Antibody was purified from culture medium and oligosaccharides
were prepared and analyzed as described in the Materials and Methods section of
Example 1.

[0044] FIG 5. MALDITOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, unmodified (non-glycoengineered) anti-CD20 IgG1
antibody produced in HEK293-EBNA cells. Cells were transfected with
antibody expression vector pETR1520. Antibody was purified from culture
medium and oligosaccharides were prepared and analyzed as described in the
Materials and Methods section of Example 1.

[0045] FIG 6. MALDI/TOF-MS spectrum of neutral oligosaccharide mix

derived from recombinant, glycoengineered anti-CD20 IgG1 antibody produced
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MALDI / TOF- M5 spectrum of neutral oligosaccharide m x
wa@leoiwess4d rom reconbi nant, gl ycoengi neered ant PETZDE2004/000844
I gGL anti body produced in BHK engineered with a
nucleic acid encoding wild type ("w") GTIIl. Cells
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pETRL 502 and with GhTlII|l 8Xpression vector pETRL
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deasligosdretaridest BadoH can digest hybrid (and hybrid bisected), but not
complex or complex bisected oligosaccharides. (b) By distinguishing between
complex- and hybrid-type oligosaccharides, Endo-H treatment allows to make
structural assignments to oligosaccharides peaks that have the same m/z ratios in

the MALDI/TOF-MS spectra originally resulting from PNGAseF treatment.
[0048] FIG 9. Antibody-dependent cellular cytotoxicity (ADCC) of “G1-
GnTIII”-glycoengineered vs. unmodified recombinant, anti-CD20 chimeric IgG1
antibodies. Both antibodies were produced in BHK cells. Production and
glycosylation profile of the glycoenginereed antibody is depicted in Fig. 3 and
those of the unmodified antibody in Fig. 1. Target cells (T) were SKW6.4 human
lymphoblastoid cells. Effector cells (E) were freshly-isolated human PBMC. An

E:T ratio of 25:1 was used in a 4-hour incubation ADCC assay measuring

cytotoxicity by lactate dehydrogenase (LDH) release relative to a maximum
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were freshly-isolated human PBMC. An E:T ratio of 25:1 was used in a 4-hour

incubation ADCC assay measuring cytotoxicity by lactate dehydrogenase (LDH)
release relative to a maximum release (using a detergent instead of antibody) and
a spontaneous release (culture medium instead of antibody) controls. Assay
details are described in Materials and Methods section of Example 1.

[0051] FIG 12. Binding of “M2-GnTIII”-glycoengineered vs. unmodified
recombinant, anti-CD20 chimeric IgG1 antibodies to FcgammaRIIIa receptor on
NK cells. Both antibodies were produced in HEK293-EBNA cells. Production
and glycosylation profile of the glycoenginereed antibody is depicted in Fig. 6
and those of the unmodified antibody in Fig. 5. The binding assay was performed
as described in the Materials and Methods section of Example 1. Human NK

cells expressing FcgammaR1ITa receptor on their surface were isolated from a
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[0053] FIG 14. MALDI/TOF-MS spectra of neutral oligosaccharide mixtures
derived from recombinant, IgG1 “L19” antibodies recognizing ED-B+ isoform of
fibronectin and produced in HEK293-EBNA cells. (a) Unmodified antibody
produced in HEK293-EBNA cells transfected with antibody expression vector
pETR1546. (b) M2-GnTIII-glycoengineered antibody produced in HEK293-
EBNA cells co-transfected with antibody expression vector pETR1546 and
GnTTII expression vector pETR1519. Both antibodies were purified from culture

medium by protein A affinity chromatography followed by size-exclusion
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andurfeél ywdre agoteiet ) frotnu daibrNs f C2 I geBotepd k@S HhNEot to produce
Fc%%mle |1a receptor on their surface were isol ated

f r o8

BRSHEToRAP IS (HenBePpEYSORNEWA SaR Varinbihekepagains an in-
FCE%H@B@L ESadn&Hank He f‘c'galﬁmaRm 'ZB&A&Q Qé‘cﬁleBQJ). FwRdiors were

genotyped as homozygous for the 158V-“higher-affinity” variant of the

rld)

FcgammaRIIla receptor. The other two donors were genotyped as 158V/F
heterozygous for the 158 V-“higher-affinity” and 158F-“lower-affinity” variants
of the FcgammaRI1Ia receptor. Geometric mean fluorescence intensity, measured
by FACS using an FITC-labelled anti-human IgG antibody fragment, increases
with the amount of recombinant antibody bound to the NK cells. Binding
detected in this assay is FcgammaRIIla-specific as demonstrated by use of a
competing FcgammaRIITa-specific antibody fragment (see Fig. 13).

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



variant that contains an in-franme stop codon within
the FcganmmaRl | ¢ codi ng sequence). Geonetric nean

w0 bawenesseence i ntensity, nmeasured by FACS usi NnBCHIB2004/000844
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increases with the anount of reconbinant anti body
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-pe-ffb%ned as described in the Matenals and Methods section of Example 1.
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Human NK cells expressing FcgammaRIIla receptor on their surface were
1solated from a donor of a genotype known not to produce FcgammaRTIc receptor
(1.e., homozygous for a gene variant that contains an in-frame stop codon within
the FcgammaRIlIc coding sequence). Geometric mean fluorescence intensity,
measured by FACS using an FITC-labelled anti-human IgG antibody fragment,
increases with the amount of recombinant antibody bound to the NK cells.
Binding detected in this assay is FcgammaRIIIa-specific as demonstrated by use
of a competing FcgammaRIIIa-specific antibody fragment (see Fig. 13).

[0060] FIG 21. Complement-mediated lysis (CML) of “M2-GnTIII”-

glycoengineered vs. unmodified recombinant, anti-CD20 chimeric IgG1



bi ndi ng assay was perfornmed as described in the

Mat erials and Met hods section of Exanple 1. Human NK
w@e etok®6dxpr essi ng FcgammaRI | | a recept or on t heP€T/1B2004/000844

surface were isolated fromdonors of a genotype known

not to produce FcgarmaRI Ic receptor (i.e., honbzygous
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donors were genotyped as honozygous for the

158V-"hi gher-affinity" variant of the FcgammaR Il a
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celvére h)td’p@red@ﬁﬂ bndlyAed.as BcHBQHN thdWhiekiakahll R section of
ollgosaccharlde preparation and anal ysis are descri bed

i EXH®le Mt erial s and Met hods section of Exarrpl e 1.
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o I Gxﬁ:ﬁﬁ edhaehgiaseratd. fnnddiged réchﬁBlharnrhnmE@FfEﬂlﬁﬁidnc IgG1
gﬁg(ﬁoeng c{1ee|r ed reconbi nant, anti-CD20
Chl @r?qlg(éles th antibodies were produced in HEK293-EBNA cells.

Production and glycosylation profile of the glycoenginereed antibody is depicted

in Fig. 22b and those of the unmodified antibody in Fig. 22a. Target cells (T)
were A431 human squamous carcinoma cells (ECACC No. 85090402). Effector
cells (E) were freshly-isolated human PBMC. An E:T ratio of25:1 was used in a
4-hour incubation ADCC assay measuring cytotoxicity by lactate dehydrogenase
(LDH) release relative to a maximum release (using a detergent instead of
antibody) and a spontaneous release (culture medium instead of antibody)
controls. Assay details are described in Materials and Methods section of
Example 1.

[0063] FIG. 24. The nucleic acid sequence and amino acid sequence,

respectively, of the Mannosidase I - GnTIII fusion polypeptide of the invention.



anti body produced by BHK- 1502-28-11 cell line. Cel

line, antibody purification and oligosaccharide
w@e@passto on and anal ysis are described in thePCT/IB2004/000844

Materials and Methods section of Exanple 1. [0059]
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FcgammaRI | | a receptor on NK cells. d ycosyl ation
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(PETR1519) and mannosidase II polypeptide expression vector (pCLF9).

Antibody was purified from culture medium and oligosaccharides were prepared

and analyzed as described in the Materials and Methods section of Example 5.

(A) Oligosaccharide profile of PNGaseF-release oligosaccharides with no

additional enzymatic treatment. (B) Oligosaccharide profile of PNGaseF-release
oligosaccharides further digested with EndoH.

[0068] FIG 29. Antibody-dependent cellular cytotoxicity (ADCC) mediated by
chimeric anti-CD20 antibodies glycoengineered by expression in HEK293-
EBNA cells of a nucleic acid encoding a ManII-GnT1III fusion polypeptide, where
the GnTIII catalytic domain is localized via the ManII Golgi localization domain,

where the ManII-GnTIII-encoding nucleic acid is expressed either on its own



produced in HEK293-EBNA cells co-transfected with
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using an FITC-labelled anti-human IgG antibody fragment, increases with the
amount of recombinant antibody bound to the NK cells. Binding detected in this
assay is FcgammaRIlla-specific as demonstrated by use of a competing
FcgammaRIIla-specific antibody fragment (see Fig. 13).

[0070] FIG 31. Complement-mediated cytotoxicity of chimeric anti-CD20
antibodies glycoengineered by expression in HEK293-EBNA cells of a nucleic
acid encoding a ManlII-GnTIII fusion polypeptide, where the GnTIII catalytic
domain is localized via the ManIl Golgi localization domain, where the ManII-
GnTIII-encoding nucleic acid is expressed either on its own (antibody Cbrt) or
co-expressed in the antibody producing cells together with a nucleic acid
encoding Manll (Cm). Cwt is the unmodified, recombinant C2B8 anti-CD20
chimeric IgG1 antibody (“Cwt”) produced in HEK293-EBNA cells transfected
with antibody expression vector pETR1520.
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GnTl Il pol ypeptide expression vector (pETRL 519).
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ol i gosacchari des were prepared and anal yzed as
described in the Materials and Methods section of
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transfected with antibody expression vector pETR1520.

Assay details are _described in Materials and Met hods
[007gect i oanﬁnnggﬁa}gq:cb grein as generally used in the art, unless otherwise

defined as follows.

[0078] As used herein, the term antibody is intended to include whole antibody
molecules, including monoclonal, polyclonal and multispecific (e.g., bispecific)
antibodies, as well as antibody fragments having the Fc region and fusion
proteins that include a region equivalent to the Fc region of an immunoglobulin.
Also encompassed are humanized and chimeric antibodies.

[0079] As used herein, the term Fe region is intended to refer to a C-terminal
region of an IgG heavy chain. Although the boundaries of the Fc region of an
IgG heavy chain might vary slightly, the human IgG heavy chain Fc region is
usually defined to stretch from the amino acid residue at position Cys226 to the

carboxyl-terminus.
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with or without dose dependency. In the case where dose dependency does exist,

itneed not be identical to that of B(1,4)-N-acetylglucosaminyltransferase II, but
rather substantially similar to the dose-dependence in a given activity as
compared to the f(1,4)-N-acetylglucosaminyltransferase III (i.e., the candidate
polypeptide will exhibit greater activity or not more than about 25-fold less and,
preferably, not more than about tenfold less activity, and most preferably, not
more than about three-fold less activity relative to the B(1,4)-N-
acetylglucosaminyltransferase III.)

[0082] As used herein, a fusion polypeptide "having (1,4)-galactosyltransferase
activity" or “having GalT activity” refers to fusion polypeptides that are able to
catalyze the addition of a galactose residue from UDP galactose to the non-

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



[0072] FIG 33 (A and B). Expression vectors for fusion
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nucleotide sequence at least 95% identical to a reference nucleotide sequence, up
to 5% of the nucleotides in the reference sequence may be deleted or substituted
with another nucleotide, or a number of nucleotides up to 5% of the total
nucleotides in the reference sequence may be inserted into the reference
sequence. The query sequence may be the entire sequence shown in either FIG.
24 or FIG. 25.

[0084] As a practical matter, whether any particular nucleic acid molecule or
polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to
anucleotide sequence or polypeptide sequence of the presence invention can be
determined conventionally using known computer programs. A preferred method
for determining the best overall match between a query sequence (a sequence of
the present invention) and a subject sequence, also referred to as a global
sequence alignment, can be determined using the FASTDB computer program
based on the algorithm of Brutlag et al., Comp. App. Biosci. 6:237-245 (1990). In
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[0086] For example, a 90 base subject sequence is aligned to a 100 base query

sequence to determine percent identity. The deletions occur at the 5' end of the
subject sequence and therefore, the FASTDB alignment does not show a
matched/alignment of the first 10 bases at 5' end. The 10 unpaired bases
represent 10% of the sequence (number of bases at the 5' and 3' ends not
matched/total number of bases in the query sequence) so 10% is subtracted from
the percent identity score calculated by the FASTDB program. Ifthe remaining
90 bases were perfectly matched the final percent identity would be 90%. In
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be determined conventionally using known computer programs. A preferred

method for determining the best overall match between a query sequence (a
sequence of the present invention) and a subject sequence, also referred to as a
global sequence alignment, can be determined using the FASTDB computer
program based on the algorithm of Brutlag et al., Comp. App. Biosci. 6:237-245
(1990). In a sequence alignment the query and subject sequences are either both
nucleotide sequences or both amino acid sequences. The result of said global
sequence alignment is in percent identity. Preferred parameters used in a
FASTDB amino acid alignment are: Matrix=PAM 0, k-tuple=2, Mismatch
Penalty=1, Joining Penalty=20, Randomization Group Length=0, Cutoff Score=1,
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100 residue query sequence to determine percent identity. The deletion occurs at
the N-terminus of the subject sequence and therefore, the FASTDB alignment
does not show a matching/alignment of the first 10 residues at the N-terminus.
The 10 unpaired residues represent 10% of the sequence (number of residues at
the N— and C- termini not matched/total number of residues in the query
sequence) so 10% is subtracted from the percent identity score calculated by the
FASTDB program. Ifthe remaining 90 residues were perfectly matched the final
percent identity would be 90%. In another example, a 90 residue subject
sequence is compared with a 100 residue query sequence. This time the deletions
are internal deletions so there are no residues at the N— or C-termini of the subject

sequence which are not matched/aligned with the query. In this case the percent



mat ched/ al i gnnent of the first 10 bases at 5 end. The
10 unpaired bases represent 10% of the sequence
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[0094] As used herein, the terms engineer, engineered, engineering and
glycosylation engineering are considered to include any manipulation of the
glycosylation pattern of a naturally occurring polypeptide or fragment thereof.
Glycosylation engineering includes metabolic engineering of the glycosylation
machinery of a cell, including genetic manipulations of the oligosaccharide
synthesis pathways to achieve altered glycosylation of glycoproteins expressed in

cells. Furthermore, glycosylation engineering includes the effects of mutations

and cell environment on glycosylation.
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protein part N-terminal to the Fc region.

[009

[0099] As used herein, the term increased Fe-mediated cellular cytotoxicity is
defined as either an increase in the number of “antibody-targeted cells” that are
lysed in a given time, at a given concentration of antibody, or of Fc-fusion
protein, in the medium surrounding the target cells, by the mechanism of Fc-
mediated cellular cytotoxicity defined above, and/or a reduction in the
concentration of antibody, or of Fo-fusion protein, in the medium surrounding the
target cells, required to achieve the lysis of a given number of “antibody-targeted
cells”, in a given time, by the mechanism of Fc -mediated cellular cytotoxicity.

The increase in Fc-mediated cellular cytotoxicity is relative to the cellular
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L%ﬁiﬂfﬁ?fi ioﬁ"brg&ﬂﬁieg aﬁ@fa?er ﬁlS{)&ld@h &t 80 1P cefiShd is il

resi dent pol ypepti ch 1s responsible
fcnultamn@dlumg it in location W|th|n t he Gol gi

conpl ex. Gen raII Iocall atlon donpi n i se
am no terninal tﬁ?ltgnge fﬁs “Ey[ %@3@%%“85%‘&“6

hehethods, hbsretted Wogf fhe @kp@n&lumcgrb@ﬂl piefs€ fnitht Dviab@i$Lhigher
bi ol ogi cal activities attributable to the Fc regi on

( dhary %aewzgs@a@,&Wﬁ@el}@@@n@}m@;ﬁaﬁ@le&@ﬂ@ 100 micro-Curies
of >'Cr, washed twice with cell culture medium, and resuspended in cell culture
medium at a density of 10° cells/ml;

1ii) 100 microliters of the final target cell suspension above are
transferred to each well of a 96-well microtiter plate;

1v) the antibody is serially-diluted from 4000 ng/ml to 0.04
ng/ml in cell culture medium and 50 microliters of the resulting antibody
solutions are added to the target cells in the 96-well microtiter plate, testing in
triplicate various antibody concentrations covering the whole coricentration range
above;

V) for the maximum release (MR) controls, 3 additional wells

in the plate containing the labelled target cells, receive 50 microliters of a 2%



sequence variant Fc region) of an antibody. Exanples
of anti body effector functions include, but are not

WO Rovitess4da o, Fc receptor binding affinity, antP@DUB2004/000844
dependent cellular cytotoxicity (ADCC),
anti body- dependent cellul ar phagocytosis (ADCP),
cytoki ne secretion, imune-conplex-nedi ated antigen
upt ake by antigen-presentinﬁLceIIs, down-regul ati on of
cell surface receptors, etc. [0094] As used herein,
the terns engi neer, engineered, engineering and
gl(YE0e yduebiionolatign € eponsigniardetecgens i(Nenidet, tSigraciudeuis),

an ni pul ation of the glycaosylation pattern of a
né%ﬁ%gﬂﬁymﬁg% PEY SRIUEH (OB EY }R9VEL fragnent t her eof .

G ycosyl ati Qp en%ﬁgw‘ér%gﬂta{lé&k lfgl‘ég’sen@ I Rehir6is, 3 add oPal

engi neering of the ycosylation nma nery of a 83
i velllgdin fig Pemephwimeniheubziled tagafcetlhaeadivegst abarhbiersce

S Si at hways t.o achi eve al.tered gl ycosyl.atjon, of
o E Rt e B S it Bolnd igatay bovo)
gl ycosyl at i qi) enghde@R e chibDalHHIBR id ten &fnﬁﬁﬁ%&l #50x o for
mutations and cell environment on glycosylation.

2 donimoB5BdonEbTelEo0bhs0c084s - 32 [0095] As used

herei n, the_t.er mAhaost | | v ny kind ,of. cell ular
system whi cl 1%c ar?-Ia E’élcrecﬁlgﬁr?]%@ﬁ%gé&éﬂ}éﬂg}sﬁnép B ia‘}a?veeé are
glajgaf toreath well py gtk ddSeffePlota@tdl cell FAGIES, andlthe plates are
pepti des of interest, including antibodies, antibody

f PARS H 4 Ingpeptorrypdleh oy (3t BmQEPhers i3yl (19, 4 Reyss;host

cell s have n i S I;

| evel s of G§$F||Fﬁyﬁﬂg%aiﬁﬁfﬁﬁ?ﬁﬁﬁﬁggﬁﬁﬁ8§H#£%£§§¥?§?“1
e.the exparimnatdlhnreleasdd radéchctieity ERF ischuasi fieHQsingl 4 gamma
BHK cells, NSO cells, SP2/0 cells, YO nyeloma cells,
PER¥Epuse myel oma cell's, PER cells, PER C6 cells or

hybri doma cehl s, t?f@@éltceﬁ‘t@éé B sf)&?il?&tlys?sehs: Salofifdd Rb2B4ch

cells, to nane only a few, but® also cells conprised
wiankibedyacancanisajmni accardingato, ther fansglan(ER-MRMEVRISR) x 100,
cul.t ur plant or aninmal .tissue 096] . As ed
movtier, BRI 4B hyarle BRloftii uRBtiront GFe RhirbrodhE for that
i ra@ﬁu&g,&onaéﬁtﬂah@ﬂmelpﬁf&cb;e&tag@ﬁdkdakaﬁtﬁ?ﬂa%iﬁé& et Yoiare
cellular cytotoxicity nmediated by a soluble Fc-fusion
prab?lé?)nfoéd}éﬁd\/lﬁi aePteplf Usrgnp@EBt vedhoyr), ad SR &n thenmvpnage

RGP AL RS BSOS
[ GBBVY); The "human inmune effector cells" are a
popul at4i) on Q‘finclreealég y ]t)(el%”t irs] actieﬁned as either an increase in the
maximum percentage of specific lysis observed within the antibody concentration
range tested above, and/or a reduction in the concentration of antibody required
to achieve one half of the maximum percentage of specific lysis observed within
the antibody concentration range tested above. The increase in ADCC is relative
to the ADCC, measured with the above assay, mediated by the same antibody,
produced by the same type of host cells, using the same standard production,
purification, formulation and storage methods, which are known to those skilled
in the art, but that has not been produced by host cells engineered to overexpress
the glycosyltransferase GnTIIL.
[0101] As used herein, the term anti-CD20 antibody is intended to mean an

antibody which specifically recognizes a cell surface non-glycosylated



di splay Fc receptors on their surface through which

they bind to the Fc-region of antibodies or of
wao-eooftiaeisan protei ns and perform effector functPOREB2004/000844

Such a popul ation may include, but is not limted to,

peri pheral bl ood nmononuclear cells (PBM) and/or

natural killer (NK) cells. % 098] The

"anti body-targeted cells" are cells bound by the

anti bodi es or Fc- fusion proteins. The anti bodi es or

Fe fusion-proteins bind to target cells via the

prmphppp@pm Ni 381000 nBkltons, tthpicAly deggomed [200G9)] hufksan B

m increased Fc-yedi at ed ceI
cyoBeaE i FpuldS BERARGE B Fco I o et
nugbeo. of "antibody-targeted cells” that are |ysed |n
a given tinme, at a given concentration of antibody,

[0102) ~ Fc- £ Tiaq rspsenipnuension Is haged anchadistowprydhat ﬁ@gm@ﬁnmg amki@dy-

A e Bl TESHRAL ST iR G s

r exbatyl glocoshimirtylteansfeeaze it (@hTIHI) Qﬁlvﬁﬁtdrb@ﬂﬁna@‘ielﬁf B(1,4)-
Fc-fusion protein, in the medi um surroundi E

t a%ad,%atosa pangferase 4l £0) %cavgzw@\/@mm@mgy@p algi lacajnzam;m
by T eln %gghan 1 sr%qo Tégf}{ég}gglfé:at ] (%IZ Ia tll?d&l& vglltﬁ/ﬁﬁréakéﬁc
cylteotpooni binding affustyi aod caseased Effectadifiatetidn.c elAltsh@itively,

AP BREE N ieioe S S dusinn sn3t agieBtedicapyaptor binding
”E&Hnaie%tabﬁ’edtﬁiﬁerfgﬂfé@n ?EHeb&&ﬁEodyQﬁroﬁﬁcﬁg%bl‘H‘toﬁfa% Sceased

produced by the sane type of host cel using t
s apressianddr o npelsttueeid onolepulei diceding on, polypentide ahavmg o~

ch are Kk to, those s
i Maﬁﬁoosgﬁ Ig%%tag'%ﬁa?c Wi\g no B’éez?Fv% sRheEFRE hfa%tfusmn
CeddnStr@cng hm&ﬁg ST o X R E26LHRE ard boexpsbdd @B hatRR cid
GhTl]I1 by the methods described herein. [0100] By

anﬁ‘”‘Pl?S‘éllﬁs sicoring Mapdk @a@éﬁﬂantl body dependent cellul ar

1091 A0 0 0 AP G o
kmsmhateﬂgutcl’ed)s ecidfcon’fpdisn@fiy séci(lehd:e Bﬁbo?ihlgl :&rﬂlsmIOpSl eptide,
t t as 1011 ows
ZE&E«%} lglstbé e YI@@FD&C hi‘%&t? Aﬁawﬁﬂmww&&ﬂfr@%@ﬂ@wﬂ
t adegfatn) Q&fvitgﬁﬁ‘d ERGRERE ﬁl%q}(h lsgbeﬁzﬁﬂ)ﬁl'dgﬁﬂuﬁdfﬁ%&@ resident

regi on of thée anti body; assa
pepqlmﬂptlé¢ bi aawfmmdmumdemntctbb Iﬁs,smx( Iszam)nde icembatesdhe

e¥ og]aé?tleﬁ? 8(91’!13%{’1 & g(?qggfﬂac}/etﬁg%gc?sgmquﬂrans erasenﬂf an(? She Golgi
localization domain is the localization domain of mannosidase II. In a further
embodiment, the Golgi localization domain is the localization domain of GalT.
[0104] Preferably, the isolated nucleic acid has the nucleotide sequence shown in
FIG. 24 and SEQ ID NO:14 In another preferred embodiment, the fusion
polypeptide ~ comprises  the  catalytic =~ domain of  PB(1,4)-N-
acetylglucosaminyltransferase III and the Golgi localization domain is the
localization domain of P(1,2)-N-acetylglucosaminyltransferase 1 (GnTI).
Preferably, the nucleic acid has the nucleotide sequence shown in FIG. 25 and
SEQ ID NO:12. Alternatively, the Golgi localization domain of another Golgi
resident polypeptide may be used. In another preferred embodiment, the Golgi

localization domain is selected from the group comsisting of the localization



cells; 3) the assay is carried out according to
follow ng protocol: i) the PBMCs are isolated using

W@ t@atessdo density centrifugati on procedures aPdI/EB2004/000844
suspended at 5 x 106 cells/m in RPM cell culture
medium ii) the target cells are grown by standard
tissue culture nethods, harvested fromthe
exponential grow h phase wi-Bfr a vi ability higher t han
90% washed in RPM cell culture nmedium |abelled wth
100 mcro-Curies of 51Cr, washed twice with cell

C LdOthileofﬁ{dﬂZDl-lN ac&lny:l gluessasdeitadtfiriseds the 16611781 ¢h domain of

di f 105 [1s/ 100
EHEPE 810 P el o iamgin Sl ovtedpessalins et
(010572, o) ROROBRE AL R SRB0aMRaL B pRscii Bl Eh S Bt
n gﬁqhated oudeAcidnephmgrising ceehienvelthatreacodrd i polypeptidehaving

' I f th l. t tib lutions ar
e i ueshean s P, Prreadi RS o bRe s end
PISHE@ID Nes 1 3.NMphd fresehi 1h’9éﬂtf6ﬁta%o‘éﬁédrﬁ;5’a§se%@h RN nucleic acid

concentrations covering the whol e concentration range
alseuwrisilg fopequrcendit miyhridides asede MRyingentt caldition3 to a

I0hEEASh Y e ghBeb S B RPBh B Ag Br ikl
2&@4%&65 Sy IGB2P 8 90Q8HNO0:13%r FHEV)5 AQUSITYED NO:12.
solutjon of non-ioni¢c detergent (Nonidet, Sigm, St.

Lotfiesyventians tse Buthst dimeiedirie ianotsplainsl wedlein acysbi mensmg a
at%@%\%)nce i1} SE 860! EF@A) Wﬁ%@@g?&? é@@%e o2 og ﬁg%tlﬁ glrt]ltcerll 0

ti ona coh al ni
| atwelebtride teqngete sh@dvh # FIG. ¢ end SEQADINOf 16! bt BIG: 26tind SEQ

SOPAREIR. Boneth Fl'verag‘afggfllﬁn\?Iithe%%ﬁgfgontgge@&%}eldgﬁ%gﬁﬂbtsma@d
i el s BBl A
t I?éldmmgsﬁmﬁ@% 33619000, 05%hH HE%) 9%,@8%&5@3/ tdant&atm
NIRRT RE e e
C@?OﬂBmI&ﬂ@fiﬁ\Fe@itlaﬁ af3d endRMipAseld @H isvlated nucleic acid comprising a

sequence that encodes a polypeptide having the amino acid sequence of FIG. 24

and SEQ ID NO:15 or FIG. 25 and SEQ ID NO:13, with conservative amino acid
substitutions.

[0106] In another embodiment, the present invention is directed to an expression
vector which comprises an isolated nucleic acid of the invention, such as those
described above.

[0107] In a further embodiment, the present invention is directed to a fusion
polypeptide having B(1,4)-N-acetylglucosaminyltransferase III activity or,
alternatively, B(1,4)-galactosyltransferase (“GalT”) activity, and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide. In
preferred embodiments, the fusion polypeptides of the invention comprise the
catalytic domain of B(1,4)-N-acetylglucosaminyltransferase I1I. In a particularly
preferred embodiment, the fusion polypeptides further comprise the Golgi
localization domain of mannosidase I or B(1,2)-N-acetylglucosaminyltransferase

I(GnTD). In an alternative embodiment, the Golgi localization domain is selected



i X) the cell-free supernatant fromeach well is
harvested and the experinentally rel eased
wo awitoessto vity (ER) is quantified using a ganmeCT/IB2004/000844
counter; X) the percentage of specific lysis is
cal cul ated for each antibody concentration according
to the formula (ERRMR)/(MR-SR) x 100, where ER is the
average radi oactivity quant?fied (see point ix above)
for that antibody concentration, MRis the average
radi oactivity quantified (see point ix above) for the

VRreranhe @reup( s@sispag Rif the ddvaletion advihn a5 off Sndresidyer Baks
radi gactivity quantified_ (see 832 nt ix above) for the
SROeF A slopsans 9ioPHs2)N-aceWiglnepsaminyitiapsiease df  mpothe

C C e : o1 i .
oS5 UL 085 B A5 AAREDs  :  boias o
anthe lpradgnt coventon netyiberprepassigey dudstieg tiedmeecelBrRd Hierprasent
reduction in the concentration of antibody required _ .
t o IXEHICEVE 2 ghiE undgreopfitionnalianing b @Fisaige obfhe nucleic
SPREA bhdodIngSdafi RRRAN Lad! td i i
concentr atn?g?n r ang)z1 %&egdwa%%ﬂvgcgﬁer@%i ér? gir)g])aéllsog Roéypﬁgt&i;e
i sfrom|the jevetant eultite ADCC, neasured with the above

say, di at ed. by t he. nti.b raduced . the
0108552 FRRBl L unl s TR St e e g Yink T
r geletkiation ki dfi £abiypBptideoprahedi r isi
Pre%l odg,_a V\hipé?wmare k%om}% I?t:) ﬁose@gk?}rlaglg% i%ﬁmt ﬁfgﬁ%ﬁll}g
buintrpduging, dafo nwstd Begn gl gduiecdric giches tvegior |of the invention.

CrBeRFIh RIS RIBh SR B PSRl GRS Eiinec
anfd bepihyn. | Mdshpeefierablyl chenpappepride anlgRdy aMlagient thereof
specifically recognlzgg a cell surface

nOTPIYITFEs el e oS0 208 AngBst atripesd Psbodimenbdba guodifsl
Phas Ea@fsedl ﬂgsie{l gﬁﬁﬁ% %Md@?éreg{iéggéqgll?\%%léht HeRk @re?é(ﬁz&

as the human ocyte restri erentrati
antfiglem#®BIs, commonly referred to as CD20. [0102]

he present inventian i.s_based.on the discovery that
wm%ngi ne:ﬁ?er}_ﬁre§ DYy Bt gﬂﬁ’(‘?? _ﬁ&egg‘is (s bpgy @ﬁﬁf@é‘?nﬂng the
NoMRfeic hdidd Al BPrBRRAWeEBsAVhOBvER{ch, 4hoMe embodiment, the

acetyl gl ucosam nyl transferase |Il (GhTIIIl) activity

or preggnt gvieation, i) directerl( to, uhost gell gogioegred tamsfressaat deast one
I( 01(1: K el-{c; ;t 1&%% | VénthdingndaCOHPs{JnSi r}‘)glytpglz()a’tic%o | %iaving B(1,4)-N-
acetylglucosaminyltransferase IIl  activity or, alternatively, B(1,4)-
galactosyltransferase (“GalT”) activity, in an amount sufficient to modify the
oligosaccharides in the Fc region of a polypeptide produced by said host cell,
wherein said polypeptide is selected from the group consisting of a whole
antibody molecule, an antibody fragment, and a fusion protein that includes a
region equivalent to the Fc region of an immunoglobulin. In a preferred
embodiment, the polypeptide produced by said host cell is IgG or a fragment
thereof. Most preferably, the polypeptide produced by said host cell is IgG1 or a
fragment thereof. Alternatively, the polypeptide produced by said host cell is a
fusion protein that includes a region equivalent to the Fc region of a human IgG,
e.g., 1gGl.
[0110] The modified polypeptides produced by the host cells of the invention

exhibit increased Fc receptor binding affinity and/or increased effector function



domai n of a Gol gi resident polypeptide results in

anti bodies with increased Fc receptor binding
wa@bdounsdsyo and i ncreased effector function. PCT/IB2004/000844

Alternatively, antibodies with increased effector

function and/or increased Fe receptor binding can be

obt ai ned by engi neering the anti body-producing cells

to have increased expressréﬁ'of a nucleic acid

nol ecul e encodi ng a pol ypepti de havi ng a- Mannosi dase

Il catalytic activity. In preferred enbodi ments, the

f uasi oresult ofi gitermediicteon. nRrefanddly,| the indagdsdd Be trécéploy baideng

co ressed W t cleic_acid. nolecules encodln
VTG pPied igiafo AEEDRaIAhY FePplob sadsmbibe: eRila
t hRcdhi&S aRE irlcR4SEH d Rt dr Furfikibe fsgﬁé&gltag% &Pclhréf%gﬁ‘# & or more

nucl ei ¢ acid conprising a sequ usi on
oq’fytb@ pillosieng: indreased an‘tlﬁodyfdsvgﬁmhnpmlljahﬁ pYtiothexidi®s increased

4 ac Itr rase |11 anTl)
ot el IR A e G Bbssat bk g ration
of arefld Ginniu@ & ic8@plex- i
errltr)log [ rre%?nft hg fgselX olﬁ&iﬁ%‘)t%ggigtgﬁggm%o%paﬁlgéergﬁef%mg cells,

Calpgqeg,qeﬁCFc‘d@ﬁﬁandwellular cytotoxicity, increased blndlng to NK cells,

i e R N R B

of (Pﬂvﬂm)pmm(éaged biﬂd.lng 0 1ra)rfoldi]t%§] SicreR8DOAEIRRIng off e@ébﬁid
IocaLO@atlon doqgln i.s the | ocal i zati on donmai n

8% RFFeasrbdiEschsipyalingrirducig agppigsipindreased dﬁndntlh eell
{ DRt ROldd SRR 1A gy Tn F1G 24 and SEQ 1D
I n" anot her preferred &nbodi nent, the fusion
[011 }jol y p e ﬂmadJ@rtmtulap]rylpsdsrredlemh@hmlem ihe h(d@ttmill’(’bf tife invention is a

a0 e pPBCHILA MERERT 4 X4 h el ok eleme el arits:

0f m&iisk . mycidnaeen,Vd PERCRAAFPIR. @5 %tQ]Efo? ) nho&?&gﬂ hnd the

Preferably, the nucleic acid has
émlmbd%mmedrbysa@hozﬁceanaan SEQCDR0 Nﬁllbd(Bf such as IDEC-

ok e oro Bp GahEb mRGE s Pts i PoRedtent

aﬂﬂmmehumbabﬁﬂﬁmgb§ﬁynmngmwn the Golgi localization
domain is selected fromthe group consisting of the
[0112]ocal i ZBeddHomD PogaismgssweleRaTid ®2oding 0 GoSatvpolyBBtide of
d sa transfera
(B el AR SRR UL ORA g on
I dwlsﬂ:cZal nuheid aﬂdlelnc@tﬁn@bn Gntilde tholeody) 4o andbbey &SEment

[0105]. not hey preferred enhodi nent, the present
| SRRt RERARLER aasion, ahe) NUPAMEoRLERb RIS ep @ region

C QERfVaRh tRe REYLBASEar AFhuSIERIAS. B p?é}tﬁf&?&ﬁﬂo%ﬁnents the

havi ng
at least one transected nucleic acid encodes an anti-CD20 antibody, the chimeric

anti-human neuroblastoma monoclonal antibody chCE?7, the chimeric anti-human
renal cell carcinoma monoclonal antibody chG250, the chimeric anti-human
colon, lung, and breast carcinoma monoclonal antibody ING-1, the humanized
anti-human 17-1A antigen monoclonal antibody 3622W94, the humanized anti-
human colorectal tumor antibody A33, the anti-human melanoma antibody
directed against GD3 ganglioside R24, the chimeric anti-human squamous-cell
carcinoma monoclonal antibody SF-25, an anti-human EGFR antibody, an anti-
human EGFRvVIII antibody, an anti-human PSMA antibody, an anti-human PSCA
antibody, an anti-human CD22 antibody, an anti-human CD30 antibody, an anti-



the am no acid sequence shown in FIG 24 and SEQ ID
NGO 15 or FIG 25 and SEQ ID NO 13. The present

WO pwensisan al so enconpasses an i sol at ed nucl ei BCHDB2d04/000844
conprising a sequence that hybridi zes under stringent
conditions to a hybridization probe the nucleotide
sequence of which consists of the nucleotide sequence
shown in FIG 24 and SEQ IBPNO 14 or FIG 25 and SEQ
ID NO 12. The invention is further directed to an
i solated nucleic acid conprising a sequence at | east
8 @A G BSLtib3AYH anOdith high Mol vila Wbt aiclfidfna deatiatedbntigen

h@%&@f@%ﬁgsﬁﬂgﬁ %%-éﬁgm&égﬂfghg sy nﬂ g ani-CD2
egaﬁ%io@mt a%ﬁﬁb% nyeakd e Sgaﬂgﬁ@sq&eedanﬁeo 1 S ohAlthan
nuc co d

I c acl rising a sequénce that eridodes a
pekygleptdedatibadyi, ay aati-EAHRWII aatiballys egaemddgegin drdihedy, an

R Al b B AT 1
FINGICZ2R atisbdSER dn-hidn 31933 AitiBody) ¥R Bhti-Bimad €P38 antibody,

enconpasses an isol ated nucleic acid conprising a
s aguah demanatDéh enidensly aarp ety pepen §&43aantihgdy, e aatiibwenan

acl eguence of .El G nd. [ D N 1 r .
D R 2t Rhiep D13 B dpe o A Db i
S Wafbddyy bh QAG-huhRhIGICAM 2itiBbaE ranedrbioklinri@NCEAL figibody, an
present invention_is directed to an expression yvector
wing thugsapY S dsaniiporly ganéidhumias MUC heprg psptefhantibody, an
| , I P
O S MG B B0t R
t ditaodewtin oariamotypiapingdke BRVB dgmain, or an anti-human HER2/neu
(2&; g#-hkacetylglucosaninyltransferase [11 activity
ors, fib fernatively, (3(1,4)-gal actosyltransferase
[0114]" C1T"DheBGilcbdtt ti¥yenBH i€ QMY difdcRQ {18 m&Rbifor producing a
I"'ocal i zation domai n of a heterol ogous CGol gi resident
palojyreptidalmn alhost grlled@mpresthae (e cultmeng ¢, hosheelf exgiggered to

| tid f the inventi. i h i
R et ey Rioaeal Sieb e aSammHyTpeane BFRERG! 19 -
I rﬁcéty%ﬁ&ds&rﬁlr?[tfahsfe@efs@f eqlr eche@RBpdi Nt altdr@ivElS1 GN1,4)-

pol ypeptides further conprise the Cblgy | ocal i zat'i on
d(g@éctpsm]ﬁranﬁﬁw@gi(a@gl@ ”) |actyyity, under conditions which permit the

0( =N y nylqt sfer 4 e
Ol ict SRR FaNShE 856, e BT o U
d aieibody Soketie CarethtHE Y B0 &1 badinin2GTiuh82aQUF ORG4dand a
-37 fromthe group, consisting of, the Iocglization
ddHBIPR E{pt%ﬁ%@s}mg@@s |2 regil equivalent to the Fc region of an

immunoglobulin, wherein said fusion polypeptide having GnTIII activity or,
alternatively, GalT activity is expressed in an amount sufficient to modify the
oligosaccharides in the Fc region of said polypeptide produced by said host cell;
and (b) isolating said polypeptide. In a preferred embodiment, the fusion
polypeptide ~ comprises  the  catalytic = domain  of  f3(1,4)-N-
acetylglucosaminyltransferase IIl. In a particularly preferred embodiment, the
fusion polypeptide further comprises the Golgi localization domain of a Golgi
resident polypeptide. Preferably, the Golgi localization domain is the localization
domain of mannosidase II or §(1,2)-N-acetylglucosaminyltransferase I (GnTI).
Alternatively, the Golgi localization domain is selected from the group consisting

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



| ocal i zati on domai n of
(3(1,2)-Nacetyl glucosam nyltransferase |1, and the

wo owaloéssai i on donmai n of 0-6 core fucosyltransf BCEHERN04/000844
The fusion polypeptides of the present invention may
be prepared by culturing the host cells of the present
invention in a nmediumunder conditions allow ng the
expression of the nucleic #Bid encoding said fusion
pol ypepti de and recovering said fusion polypeptide
fromthe resultant culture. [0108] The present
i NMexcetyudosarhinyittamsfeehise € tad tHeo oealimtitro doheain of o, 1-6 core

e A A S
SandediRBthate Hcre%sé&‘ﬁ+ )?/E!’c&t)tﬁf;f)i%g@? fa:ﬁg’g{%%}dg& ihB8ased effector

invention. Preferab pepti de
| glGnotiona  Prederablys theheceatede efiffatorsfungtidthés ofe of agironf the

Mo f bl h ! tide is 1g4d, . .
' RYRRiE: dndPede PSRRIl R evlondly sinludhainsrrrerd
pr £1t®ba RdeRMBaH IcBRME: cyidiSxiBRA) fnbRdsedRBNRERIhERIchfeeRular

fusion protein that includes a region equi'valent to

t hizhagecyitesis @D CBY, ingrdasaveeytoki@sedreti@9inciasedpmes@eicomplex-

[ j .S | her di.rected to host cells conpri

¢ et A SMdeREPRE clihe Bk, Btea iHERE To R
| noeglst irereasdd) battiéng id aftichdhbges) hficrede® SBAding ¥ eMbh& tes,
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proportion of bisected, nonfucosylated oligosaccharides in the Fc region. The
bisected, nonfucosylated oligosaccharides may be either hybrid or complex.
Specifically, the methods of the present invention may be used to produce
polypeptides in which at least 15%, more preferably at least 20%, more
preferably at least 25%, more preferably at least 30%, more preferably at least
35%, more preferably at least 40%, more preferably at least 45%, more
preferably at least 50%, more preferably at least 55%, more preferably at least
60%, more preferably at least 65%, more preferably at least 70%, more
preferably at least 75%, more preferably at least 80%, more preferably at least

85%, more preferably at least 90%, more preferably at least 95%, more
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oligosaccharides in the Fc region of the polypeptide are bisected, nonfucosylated.
The methods of the present invention may also be used to produce polypeptides
in which at least 15%, more preferably at least 20%, more preferably at least
25%, more preferably at least 30%, more preferably at least 35% of the
oligosaccharides in the Fc region of the polypeptide are bisected hybrid
nonfucosylated.

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

increased effector function is one or more of the following: increased Fc-
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[0118] The present invention is also directed to a host cell comprising an
expression vector comprising a nucleic acid molecule encoding a fusion
polypeptide, wherein the fusion polypeptide has (1,4)-N-
acetylglucosaminyltransferase III (GnT III) activity and comprises the Golgi
localization domain of a Goli resident polypeptide; and an expression vector
comprising a nucleic acid molecule encoding a polypeptide, wherein the
polypeptide has mannosidase II (Man II) activity. In preferred embodiments,
the nucleic acid molecule encoding the fusion polypeptide and the nucleic acid
molecule encoding the polypeptide having mannosidase II activity are on the

same or separate expression vectors. In another preferred embodiment, the
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nucleic acid molecule encoding a polypeptide having GnT II activity are on the
same expression vector. Also preferred is that the nucleic acid molecule
encoding a Manll is on one expression vector, and the nucleic acid molecule
encoding a fusion polypeptide and the nucleic acid molecule encoding a
polypeptide having GnT II activity are on the same expression vector. In another
embodiment, the GnT II is on one expression vector, and the nucleic acid
molecule encoding a fusion polypeptide and the nucleic acid molecule encoding a

polypeptide having Man II activity are on the same expression vector.
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nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
mannosidase IT (Man II) activity; and an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
B(1,2)-N-acetylglucosaminyl-transferase II (GnT II) activity. Preferably, each
nucleic acid is on the same expression vector. In a separate embodiment, each
nucleic acid molecule is on a separate vector. The invention further provides
that the nucleic acid molecule encoding a fusion polypeptide is on one
expression vector, and the nucleic acid molecule encoding a polypeptide

having Man II activity and the nucleic acid molecule encoding a polypeptide
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nucleic acid encoding a polypeptide having Man II and at least one nucleic acid
encoding a polypeptide having GnT II activity in an amount sufficient to modify
the oligosaccharides in the Fc region of a polypeptide produced by the host cell,
wherein the polypeptide produced by the host cell is selected from the group
consisting of a whole antibody molecule, an antibody fragment, and a fusion
protein that includes a region equivalent to the Fc region of an immunoglobin.
[0124] The present invention additionally provides a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having GalT

activity and at least one nucleic acid encoding a polypeptide having Man II
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a host cell conprising an expression vector
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[0126] In an additional embodiment, the invention is directed to a method for
producing a polypeptide in a host cell, comprising culturing a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
having GnT III activity and at least one a nucleic acid encoding a polypeptide
having Man 1I activity under conditions which permit the production of a
polypeptide selected from the group consisting of a whole antibody molecule, an
antibody fragment, and a fusion protein that includes aregion equivalent to the Fc
region of an immunoglobulin, wherein the fusion polypeptide is expressed in an
amount sufficient to modify the oligosaccharides in the Fc region of the

polypeptide produced by the host cell; and isolating the polypeptide. Preferably,



pol ypepti de has mannosidase Il (Man I1) activity, and

an expression vector conprising a nucleic acid
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Preferably, the Golgi localization domain is the localization domain of
mannosidase II, $(1,2)-N-acetylglucosaminyltransferase I, mannosidase I, f(1,2)-
N-acetylglucosaminyltransferase II or a1-6 core fucosyltransferase. Preferably,
the polypeptide has increased effector function as a result of the above
modification. Specifically, in a preferred embodiment, the polypeptide produced
by the host cell has an increased proportion of bisected, nonfucosylated
oligosaccharides in the Fc region of the polypeptide. Preferably, the bisected,

nonfucosylated oligosaccharides are hybrid. Even more preferably, the bisected,

nonfucosylated oligosaccharides are complex. In a preferred embodiment, at least



N-acetyl gl ucosam nyl transferase |Il, mannosidase | or
al ,6-core facosyltransferase. In a preferred

wenriadoisent , t he host cell is selected from t heCT/IB200000844
consi sting of a manmalian cell, a yeast cell, an
insect cell or a plant cell. Preferably, the host

cell is a CHOcell, a BHK cell, a\NSO cell, an SP2/0
cell, a YO nyelona cell, &%3X63 nouse nyel ona cel |
a PER cell, a PER C6 cell, or a hybridoma cell
[0121] In an additional aspect, the invention is
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conprising a nuc c aci ecul e encoding a
p dhat plegrntidediesreimeredt deeordigyp dptrnetbodsad the present invention

13(1,2)-N- l.ucosam nyl -transferase Il (G1T I1)
ag‘%‘l"m'%fas%‘r:%%togwmgach nucleic acid is on the
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nucleic acid nolecule is on a separate vector. The
i Pharmeacewidaliperipgsitime pprpEsing thgantibadies papieered apq@rding to
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expressi on vector,; an tl € hucl ei ¢ acl no egu e
ernoaposigons poihy peptntdaverion icompiiaa bharacicewically acgptabk

nucl ei ¢ acid nol ecul e encodi ng a pol ypepti de WO
200641665540 PCT/ | B2004/ 000844 -45 having GnT 11|
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I'nvention also provi e nucl el c aci

nailumots eorepidsinlg dmanidtbrbd ai theapewivelly xgifeeswd @mount of the

vector, and the nucleic¢.acid nolecul e encading a
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[013Qncodi nehAnRAKVRRALHAS didved e (R dihbd fRplddtcing aHoBypRPtide

t'he same expression vector. The invention also o
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GnT.ll. is.,on one expression vect and t he. nugkeic ..
ik 8 LR e G Aal S, sy A B A Bpoing
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Man |1 activity are on the sane exgressi on vector. |

a Rereftdhe prodacinsdireprlypaphide selegterhirpm the gpupgensisting of a
CopRik §§t§botdp?nolecule, an antibody fragment that included the Fc region of an
immunoglobulin, wherein the expression level of one or both of GalT or Man II
is sufficient to modify the oligosaccharides in the Fc region of the polypeptide
produced by the host cell and wherein the polypeptide has increased Fc-mediated
cellular cytotoxicity as a result of the modification; and isolating the polypeptide
having increased Fc-mediated cellular cytotoxicity. In an additionally preferred
embodiment, the expression level of GalT produces an antibody molecule or
antibody fragment that includes the Fc region of an immunoglobin having
increased Fc-mediated cellular cytotoxicity.
[0132] The invention is further directed to a method for producing a polypeptide

having increased Fc-mediated cellular cytotoxicity in a host cell, comprising



catal ytic domain of G1T. In a further preferred
enbodi nent, the Golgi localization domain is the
wo owalosssad i on dormain of Man |1, (3(1,2)-N PCT/IB2004/000844
acetyl gl ucosam nyl transferase I,
(3(1, 2)- N-acetyl gl ucosam nyl transferase |1
mannosi dase | or al,6-N core fucosyltransferase.
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c ﬁ{a!mmahan cell, a yeast cell, an insect cell or a plant cell. Even more preferably,

the host cell is a plant cell.
[0133] In another aspect, the present invention is directed to a method for
producing a polypeptide in a host cell, comprising:
a. culturing a host cell engineered to express at least one nucleic acid
encoding a polypeptide having o-Mannosidase II activity under conditions which
permit the production of a polypeptide selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that
includes a region equivalent to the Fc region of an immunoglobulin, wherein said

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



engi neered to express at |east one nucleic acid
encodi ng a fusion polypeptide having Gl T activity,
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invention is directed to a nethod for producing a
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I nch%inf, lfra%hﬁggments and fragments produced by an ScFv, Fab, VH, IgG
expression library. Such antibodies may be useful, e.g., as diagnostic or
therapeutic agents. As therapeutic agents, neutralizing antibodies, i.e., those
which compete for binding with a ligand, substrate or adapter molecule, are of
especially preferred interest.

[0137] For the production of antibodies, various host animals are immunized by
injection with the target protein of interest including, but not limited to, rabbits,
mice, rats, etc. Polyclonal antibodies may be raised in animals by multiple
subcutaneous (sc) or intraperitoneal (ip) injections of the relevant antigen and an

adjuvant. Various adjuvants may be used to increase the immunological



preferred enbodi nent, the fusion polypeptide further
conprises the Golgi localization domain of a

whedoenedsagous Gol gi resident pol ypeptide. PrefCHIB2904/000844
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irbrdoma teqhaigiie (WOl e0a). 08B RETI B dign Lo (Suer
) 4flgherapy 77-96 (Alan R. Liss, Inc., 1985)). In addition, techniques developed for

the production of "chimeric antibodies" (Morrison et al., Proc. Natl. Acad. Sci.
U.S.4. 81:6851-55 (1984); Neuberger et al., Nature 312:604-08 (1984) ; Takeda
et al., Nature 314:452-54 (1985) by splicing the genes from a mouse antibody
molecule of appropriate antigen specificity together with genes from a human
antibody molecule of appropriate biological activity can be used. These
techniques can be used to produce chimeric antibodies comprised of an antibody
molecule of other mammals as well. Alternatively, techniques described for the

production of single chain antibodies (U.S. Patent No. 4,946,778) can be adapted



from about 10%to 95% of the oligosaccharides in the
Fe region of the polypeptide are bisected,
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prprodeios haviag poliympeptd desrapeutic value. Therefore, in one aspect, the
invention provides host cell expression systems selected or engineered to express,
e.g., a fusion polypeptide having B(1,4)-N-acetylglucosaminyltransferase III
(GnTIII) activity and comprising the Golgi localization domain of a heterologous
Golgi resident polypeptide. Specifically, such host cell expression systems may
be engineered to comprise a recombinant nucleic acid molecule encoding such
fusion polypeptide, operatively linked to a constitutive or regulated promoter
system.

[0142] In one specific embodiment, the present invention provides a host cell that

has been engineered to express at least one nucleic acid encoding a fusion



havi ng i ncreased Fc-nedi ated cellular cytotoxicity in
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encoding Gai T and at | east one nucleic acid encoding
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pol ypepti de selected fromthe group consisting of
expression system. Suitable regulated expression systems include, but are not
limited to, a tetracycline-regulated expression system, an ecdysone-inducible
expression system, a lac-switch expression system, a glucocorticoid-inducible
expression system, a temperature-inducible promoter system, and a
metallothionein metal-inducible expression system. If several different nucleic
acids encoding fusion polypeptides having B(1,4)-N-
acetylglucosaminyltransferase III (GnTIII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide are comprised
within the host cell system, some of them may be expressed under the control of a

constitutive promoter, while others are expressed under the control of a regulated
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produced by said host cell; and b. isolating said
pol ypepti de produced by said host cell. [0134] The
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;ﬁg?tg?rpl%tggr g(;)ehte g]%g(g _1elscr1 ed together with the nucleic ae:ld(s) encoding the

fusion polypeptide as a single mRNA molecule; their respective coding
sequences may be linked either by an internal ribosome entry site (IRES)orbya
cap-independent translation enhancer (CITE). The reporter gene may be
translated together with at least one nucleic acid encoding the fusion polypeptide
having f(1,4)-N-acetylglucosaminyltransferase III (GnTIIl) activity and
comprising the Golgi localization domain of a heterologous Golgi resident
polypeptide such that a single polypeptide chain is formed. The nucleic acids
encoding the fusion polypeptides of the present invention may be operatively
linked to the reporter gene under the control of a single promoter, such that the
nucleic acid encoding the fusion polypeptide and the reporter gene are

transcriibed into an RNA molecule which is alternatively spliced into two
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rabbits, mce, rats, etc. Polyclonal antibodi es may

be raised in animals by nmultiple subcutaneous (sc) or

intraperitoneal (ip) injections of the rel evant

antigen and an adjuvant. i ous adj uvants nmay be

used to increase the inmunol ogi cal WO 2004/ 065540

PCT/ 1 B2004/ 000844 -51 response, depending on the host
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addi tion, techni ques devel oped
polypeptlde In one embodiment, the host cell system is transfected with at least

one nucleic acid encoding such fusion polypeptide. Typically, the transfected
cells are selected to identify and isolate clones that stably express the fusion
polypeptide of the invention.

[0148] Any type of cultured cell line can be used as background to engineer the
host cell lines of the present invention. In a preferred embodiment, CHO cells,
BHK cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma
cells, PER cells, PER.C6 cells or hybridoma cells, other mammalian cells, yeast
cells, insect cells, or plant cells may be used. Typically, such cell lines are

engineered to further comprise at least one transfected nucleic acid encoding a



t he production of "chineric antibodies" (Mrrison et
al., Proc. Natl. Acad. Sci. U S A 81:6851-55 (1984);
woewwbeeijer et al ., Nature 312: 604-08 (1984) ; AEREELA04/000844
et al., Nature 314:452-54 (1985) by splicing the genes
froma nouse anti body nolecule of appropriate antigen
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and the Fab fragnents which can be generate

r expaciiin gntitrelygiradvictivitiearb sdlehtpslsind scre¢red Fgra Suglpselected clones
fra nts. - Alternatively. Fah.expressi libraries .
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monocl onal Fab fragnents with the desired specificit
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identified and isol ated using techniques we known in
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o 2R g 1oL, ahycpailation ot Lerge, 1 s
Sygroandtiviieds, the ganesableoskpRéssBhy 60TtRE "ByQ@protein-modifying
glycosyltransferase genes at expression levels leading to modification of the Fc
region glycosylation pattern, including an increase in the fraction of non-
fucosylated oligosaccharides which may be either bisected or non-bisected and
which further may be of complex or hybrid type, which is associated with an
increase in Fc receptor binding, particularly an increase in Fc-FcyRIII binding
affinity, and an increase in Fc receptor mediated effector functions, including but
not limited to Fc-dependent cellular cytotoxicity. Selection and screening
methods are described below.
[0150] In another embodiment the order of the two transfections described above,

namely the antibody expression vectors transfection and the glycoprotein-



protei ns having an i nproved therapeutic val ue.

Therefore, in one aspect, the invention provides host
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(3(1,4)-Nacetylglucosam nyltransferase 111 (G1Tl1l)
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1nvent10n may be expressed under the control of a constitutive promoter, or

alternately, aregulated expression system. Suitable regulated expression systems
include, but are not limited to, a tetracycline-regulated expression system, an
ecdysone-inducible expression system, a lac-switch expression system, a
glucocorticoid-inducible expression system, a temperature-inducible promoter
system, and a metallothionein metal-inducible expression system. If several
different nucleic acids encoding a fusion polypeptide having P(1,4)-N-
acetylglucosaminyltransferase III (GnTIII) activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide are comprised

within the host cell system, some of them may be expressed under the control of a
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and conprising the Golgi localization domain of a
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expressed under the control of a constitutive pronoter
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gene may be translated together with at least one nucleic acid encoding a fusion

polypeptide having B(1,4)-N-acetylglucosaminyltransferase III (GnTIII) activity
and comprising the Golgi localization domain of a heterologous Golgi resident
polypeptide such that a single polypeptide chain is formed. The nucleic acid
encoding the fusion polypeptide may be operatively linked to the reporter gene
under the control of a single promoter, such that the nucleic acid encoding the
fusion polypeptide of the invention and the reporter gene are transcribed into an

RNA molecule which is alternatively spliced into two separate messenger RNA
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t vdng thbeare iemlﬁratﬂsbtte‘duﬂﬂodhen wqieppeq%ncdéeq fdidb polybeptides.
several different nucleic acids encoding a fusion

pol ypepti de havi ng

C3(1, 4) - N- adet yl gxpesssianiSyyteinsansferase 111 (GiTlI 1)
activity and conprising the Golgi |ocalization domain
of a heterol ogous Gol gi resident polypeptide are

[01553Xpr es Mgethodsheichai Well Riidvai@aboderskiledhin WRYart dadtbetuled/to
ar e transcri bed as one or. S as_several nRNA nol ecul es.
| fCORFIG! BFRICTIINEREITD sontaiging the sodiag SFaUSAD PEthg nEotein of

t ye i AL
pypsisst BRERR ping A0heS 30 CRARR, BYpolfs ARG LA
c aoetykgli&psmdmgﬁrmsﬁmb atli (e Teiihactosty «£n@l chi)prisifigethe Gy
be transcribed fro | e _praonot. o R
PRI AEN S * BPBIHAE GBI TEPTE s YRRD IS A0S apth
S %ﬁf@h@te%ﬁ%ﬁﬂﬁﬁalﬁ%sfaﬁ&%ioﬁ%l SHhS:! SThes‘é"?ﬁ&llibcfs h&Pude
are each translated into their respective encoded
f ugi vroptacypbinantd3NA techniques, synthetic techniques and in vivo
recombination/genetic recombination. See, for example, the techniques described
in Maniatis et al., Molecular Cloning A Laboratory Manual, Cold Spring Harbor
Laboratory, N.Y. (1989) and Ausubel et al., Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley Interscience, N.Y (1989).
[0156] A variety of host-expression vector systems may be utilized to express the
coding sequence of the protein of interest and the coding sequence of the fusion
polypeptide of the present invention. Preferably, mammalian cells are used as
host cell systems transfected with recombinant plasmid DNA or cosmid DNA
expression vectors containing the coding sequence of the protein of interest and

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



[0147] In other enbodi nents, the present invention

provi des host cell expression systens for the
w@emeeiskon of therapeutic antibodi es, havi ng POTIBaGEEH0844

Fc receptor binding affinity, particularly binding to

Fc activating receptors, and increased effector

function, including antiboq%%dependent'ceIIuIar

cytotoxicity,. Cenerally, e host cell expression

systens have been engi neered and/or selected to

express nucleic acids encoding the anti body for which

t BEIKpeeidpNBD aalln 8P2/0tcellg dr O glyebmhiocaii, PEX Gembudnyeloma

peppeBka Rt Lo TR Il S
Jéénls ﬂﬁﬁb@@%ﬂgﬁhﬂ&ﬁ%@&ﬁ& Lmdgﬁé&{ il Idonfd %Qs.of

activity and conprising the Col gl allzatlon mai n
ﬁx;aesa;ﬁme systengo asd Gelegiion esdtilalst arepddsyplegutt imdéhe folloneg

SPIPERES. S e R Pa b rt S edieh et ofaY2beTs
PeraoREl en WatRbiCa dry . Arﬁﬁ@%nkl@?meﬁﬁm s | $8(€2)§70 -80

selected to identify and isola cl ones hat sta

ex98s4n tﬁhvéefsa@artﬁiﬁupvngzpé?pm d¥. Bfotachrol] mleth?&r(ZOOZ) in

bac4g% %r@;eéhatl%&g r%‘(’rn ?i’r b fuckeec & i% gé r11§4 @ﬁpg o‘f nte(%lggmgs

PIGRSENOpl BY&Bd/noN.12t A50-484 e{t@mr)e]:h glfdRest FRIbodintdn®, other
cells, .BHK cells, NSO cells, SP2/0 cells, YO nyelona

célﬂfaéyotmske% %luwmﬁemya e confeswlpeR weluding, pepetceells
Cel {qs?oﬁﬁedhééﬁ 'réjc% 1&% &éas Q{(é}@ ci}i'%@%?clré @%ht&ﬁidg%e Y588k

|nsec
Tyajueatd pf tlwpimtmnldf mtaness aaf ehe e:ngmlgwqeﬂlcbmﬁ thet fasion

C RGP <A 19 0H OGBS pCT PBD UU BOVBA O Pbis R
ARk TRAGS L E:, ABIBR Arali RGN odtRTE B0 1

Fe region of an i munogl obul i n, fusion protein
t Mmtemruf linkdesst and thgi codingrequetice rof th@ ﬂulsuen lf)olypﬁp@damf ‘dub

carieT R agenk el ferHEC R s R BB R Sn vt

S¢epetdaiBlbRe aMshiBOGyuat CANIYD ©PRLbf mbsaic virus, TMV) or
productivities in the range between 20 to 120

pdpapefermedywyth remmlanaralnlmrmiéthwsmen%@rprmwtg 4i plasmid)

h%égﬁﬂa?ﬁ)ﬂ@hg &Hlné gegﬁcal%)é BF @%%t&gin%f B %r% t%H({i (ﬂ%fg ?e%qgnce

roun

gefidreausion belypé;gmeeﬁﬂ&oinh@sionp@d dxﬁmalf cellm@steml 8 viefadtedWith
[0149] .In one enbodi nent the nucleic acids. encodi nIg )
t ﬁ%cogmm%wus FRTSSHERYECIPTE eredeneYiryse Ve apfirus) including

P Qlﬂx RERLnERcakE t&éo‘i’lﬂﬁgrﬂuﬂﬁe LRI TSNRIGSR iR he protein

vectors
of interest and the coding sequence of the fusion polypeptide of the invention

either stably amplified (CHO/dhfr) or unstably amplified in double-minute
chromosomes (e.g., murine cell lines).

[0157] For the methods of this invention, stable expression is generally preferred
to transient expression because it typically achieves more reproducible results and
also 1s more amenable to large scale production, i.e., production of the
glycoengineered antibodies of the present invention in production scale cell lines.

Rather than using expression vectors which contain viral origins of replication,
host cells can be transformed with the respective coding nucleic acids controlled

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



and then are transfected into the host cells and cel

clones with high and stable specific antibody
w@e@doeiskvi ty are sel ected and screened for. SeChB2004/000844

sel ected clones are then transfected with

gl ycoprot ei n-nodi fyi ng gl ycosl ytransferase expression

vectors containing nucleic acids encoding, for

exanpl e, (a) a fusion polyﬁﬂptide with beta

1, 4-Nacetyl gluycosam nyltransferase 111 (GTlI1)

activity, or (b)a fusion polypeptide with beta

1iranggabtiot osyitatangiodysdseylftisal Sjes patt ), intl \a, selictab®) @arker.

Dbl ool b L egrd et merhrplaved to
agtdw kdy1 QQﬂy@uf W El'il‘ﬁfhe@ HhtRe %h& Qﬁenv‘ﬁcr% r%wll\@ﬁéd to al_selectlve

activity, or” (e) fusion polypepti
agedig; tEhean@cabeumrhermphﬂ 1gpepbindet p/hﬂnhd Womfets resistance to

tivit a agn cl one en.s cted .gnd screened
FoI¢ Ksabn e et BiBe oh e bl mecioge
ablalsﬁl/cﬁhﬁo kl%@;détﬁ%bébrﬁ%s%dag}&v%%nﬁ B6& i Whih in turn can be
productivities, and with stable expression of the

gPV@@%w@%@ﬂﬁﬂ#ﬁHnW%Wﬁdﬂwﬁlycosyltransferase genes at

Xpres t dlflcatl f
10158 L0 on AR YPecheck R ety Retiseliin Pl HorbotEintBa
t lie Ifeltlmstsnmplemfwm@ ﬂtyrﬁlﬂmefk)ﬂa@é EWigkt gegacehanixnges1977)),
ich may be either sected or non-bi sected and

YR AP I NSO g PLE-PIGH %ﬂﬁﬁl@f{irw (PrybrIsler & ppEbalskhileec.
| JaAS 3041 JLE M % (?‘ZB (al eﬁﬁ%&eﬂm%%&é_ﬁ%?@h?{y transferase

bi ndi ng, particul a crease i n
bilivnes alalkllq2 t8}I 7( H)@O))zg&nesn ethéhseaniba eﬁpldyed ﬁpﬁko hgprt” or
nedLatﬁd ef fect unct ncl u

di
i B S oSN, A ol e TSR 527 b 1474 as the basis

Sef eqédtion fBn @ihﬁfcﬁrﬁﬁﬁ'c@ﬁf IR
[0150] In another enbod |eﬁentﬁ%qgeg{§§?l%§%dtpwmggﬂ L,

t Nastletct Son&/Sdesc5oB EtPENAVEare etankePyoct Netl advcidbBayUSA

TP ST R LN et BT R bRtk My SRR et &
gByanFydd. Mﬂsﬂ&fdais& BSPrL3670MN 98 BN 1R6 SwhitR B&Tf@l%trés%ance
is reversed host cells are first transfected

wid Hhe amnﬁngl»@eﬁ%t%ﬂhfs e elbexre-Giranin ¢ gy Vi Mals Bérladl:1

e S

o s pRRhNEG Hich Aferd OB Bk AR SR bre erat. Gene
t Hé 187 (1984} gmsfléaﬁenﬂm adﬁmbﬁalseléet&hle@enés(hévﬂﬁhéﬂ dédcfibed,
st abl e e H@?SI%? | evel s of_ .t he ycosyl transferase

gBFBely P c tt%a]ézedléé% \ipalice af ppioDkEE bigD,

0 Whﬂihtﬁlb%tcbﬂseﬂo}ﬁtllﬁ!e stﬁﬁ@ i @Pfabd of i %@@dﬂﬁ%ﬂ & Mulligan,
replicates of such clones with antl expressi on

v EceNgtlafehd beanUsH 85 -304it(1088)); the glutamlne synthase system; and
ODC (omnithine decarboxylase) which confers resistance to the ornithine
decarboxylase inhibitor, 2-(difluoromethyl)-DL-ornithine, DFMO (McConlogue,

in: Current Communications in Molecular Biology, Cold Spring Harbor

Laboratory ed. (1987)).



screeni ng net hods descri bed further below in order to
identify clones with stable expression |evel of the
w@hkooaoedshd r ansf erase genes at | evel s that | eadP@DIBE2004/000844

nodi fication of the Fc region glycosylation pattern

and to an increase in Fc receptor, including FcyRIII

receptors, binding affinity and an increase in Fc

recept or - nedi at ed ef f ect or “#%nct i ons, i ncl udi ng

Fc- dependent cellular cytotoxicity. [0151] In a

further enbodi nent, the anti body-encodi ng genes and

the gl ycosyi t r ahddngifiast@ongOf Sxadfetdnta Qs fRatFermants That

together in a si Mybeest Tas Pr&ieinl Waviss APModHiddNEIycdYiAion

si ngl e expressiopapg@gt or or in separate vectors.

[0152] Typically, at |least one nucleic acid in the

ost cell system encodes, a fusion pol ypeptide havin

[0159513( 1, 4)eljhmh8%@€« Wik semiainthe eadingsseanense and whickrerpresy the

et i A ol N

(GG ARou® ASBD PSR shay pe ddemifien by ot Jeost four peyery)

t lapprGathgs; (ap CAVA 12N Acr DINABRN Aohytaidieitieno(b) ghel précelcgior

i dent | tid . [t tively, it des
R0 SRR S AL LI oo
[ @ddadlreOp tHRlexpRYGHRDS 1A fdspLivd ASRROGH ss.éljh%l E er%h;

pol ypeptide of the invention may be expr
t |gad ¢drdstestionfof she genstirodudt we npmasured by imorunoassay or by its

a . regul at ed expression system Suitable
rggﬁ§§?%gb%§tression systens include, but are not

[0160] i ni t ed the fird apiBLAES Helprédend AT AIoarh @Y RIASSH ARk protein of
system an_ecdysone-induci bl e expression system a
| SRersdl 3chthe xgedingssegrensg safethp fasion polypeptide of the invention

9hHEAGPI thE e"lﬂ?ﬁfy‘n IR Gaf 5? g?:écctéc? B WA?&A gor DNA-RNA

tenperature-in e promo sys¥en1
mbybridiedtivnanizigprotes abmpridueibi@tiexpgeatconasysh@mlogdus
several different nucleic acids encoding a fusion
pgq efﬁSP?félVﬁ eﬁ?ﬁﬁ‘é W}c’:l}p)as,,\;espechvel , or portions or derivatives
agekadrgl ucosam nyltransferase 111 (G1TlII1) activity
and conprising the Golgi localization domain of a
[0161het er olpihssscand| agproagls, thierscombinppepiprabeion vectonhpst sgten
wi.t hin.the.host.cell stem saq of them maybe i
st R il aRTara Selectad Rsedi ogR T issons6 47 GosSMe of certain
PGhAIKBAOR A ARREGE (e.228hyeaaRk ikiakd é/c@ivﬁ?,%@éﬁ{cet ibftics,
others are expressed under the control of a regul ated
pESHes to nrpfbotiesataripnsdpration pbendtmeedcolusiadrsly demedion
t [ St Il e..level. of stable_fusion.
ol s 08 o RRNBleCir S EDUnG sofafi B b pRein of
simereftiandite ccaifhyesegaerebioftiie fBio Hblypghtad dT thatent@diPare

Wirlslertgde wﬂfﬁi%%rrglnarrllgp gelillsélsggueglgg })f[ t?lg vector, recombinants containing
the respective coding sequences can be identified by the absence of the marker
gene function. Alternatively, a marker gene can be placed in tandem with the
coding sequences under the control of the same or different promoter used to
control the expression of the coding sequences. Expression of the marker in
response to induction or selection indicates expression of the coding sequence of
the protein of interest and the coding sequence of the fusion polypeptide.

[0162] In the third approach, transcriptional activity for the coding region of the
protein of interest and the coding sequence of the fusion polypeptide of the

invention can be assessed by hybridization assays. For example, RNA can be



experimentation. Expression |evels are determ ned by
nmet hods generally known in the art, including Western

wWhb@t/065580 ysi s using e.g., an anti body speci fi BCT/B2004180844
pol ypepti de having GhTlI1 activity or an anti body
specific for a peptide tag fused to the pol ypeptide
having GhTlII11 activity, Northern blot analysis using a
nucleic acid probe specifir@-for e.g., the gene
encodi ng the pol ypeptide having G1TIlIl activity or a
nucl ei c acid probe specific for a nucleic acid
eREALtE D ShParRBREA B NodtBernfuilsiadineQ grbige 2ol P@fisitélthe coding
having GhTlI | activity, or neasurenment of GnTl ||

erequraesscofathe] mptepn ofiintaicaend, dieycoding sxupRrenal thsefusion
PR i B el Rt o

f unclelcaids dsisahosdICinayrbaskit®sed did assayed frdybidization to
receptor binding or increased effector function
mEEFEPRehyY ant i bodi es produced by the cells
ngi ne uglee i RGnroducts of th
0168138, o2 e W e S g g, of e
f yrdterr ofdintepesh and the, coilhe seqotree ©fdled dusiay pblypeptide having

PR LN resein Tt ep b S D b R R e e
detQEMoRRkaR¥n ddl’)!iﬁgiﬁtbrfiaﬁ&te@olsg&&ad%olgpfegﬁbﬁ Rypeblille Editoe

t
expression level of the reporter gene. The Teporter
geaseesprabimireunotagirsdly i forek ampiebh@festisin Hots Hammnopsspys such as

aci d(s)_encaodin ai d | ycopr ot ei n- nodi fyi lyco

C o P EREBRea0ft, e RS Bl RS i nd HEO SHhe
r agfeetel t¢& SoHE RUcReNVRReS phaYioh &ybikik Belweidrhdvobis e
internal ribosone entry site (LRES) or by a

c distqctige pegdirlogicdlhsachive spnakiRdwder (ClI TE). The
reporter gene nmaybe transl ated together with at | east
one nucleic acid encoding a fusion polypeptide having
1 (1, 4)b-N- aceengragjioncwsdsafyf Protaies AngRistan Fragmens|Having
activity andltgodriprlymsylgtiothBat@sgi | ocal i zati on domai n
of a heterol ogous CGol gi resident polypeptide such

that a single polypeptldesRhal b5 ARRERL 1IN, HEELG
oper ativel y P?nﬂzgff?%gf{foﬁ@“?%‘p% bk (005, Hepepdey Cetluar
control of a singt¥°BX¥HBter, such that the nucl eic

acid encoding the fusion polypeptide of the invention

[0164nd t helnepRirteEmbedifieAtstht hARsaihaton flodides glyBbidrms of
nol ecul e which_is alternatively spliced into t,\/\g_
S e%lrbﬁfllé’s ﬁ%‘&%’r‘?@é?’ fipmpreniphaipa mseBserhbc receptor binding and/or

P 4 5 29 I ' ; t he
r iRt Aating BTl RSy QORI
[016BF ot ei nCliaiodl triak atieonjugatbd ansloaloeal intibodisai(ldAbs)siowrthe

potlrga%%grtltl odte some types of cancer have recently yielded encouraging results.
Dillman, Cancer Biother. & Radiopharm. 12:223-25 (1997); Deo et al.,

Immunology Today 18:127 (1997). A chimeric, unconjugated IgG1 has been
approved for low-grade or follicular B-cell non-Hodgkin's lymphoma. Dillman,
Cancer Biother. & Radiopharm. 12:223-25 (1997), while another unconjugated
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



[0154] If several different nucleic acids encoding a
fusion pol ypepti de havi ng

W@ 3(02/06354N- acet yl gl ucosam nyl transferase |11 (E7IB20)4/000844
activity and conprising the Golgi |ocalization domain
of a heterol ogous Gol gi resident polypeptide are
expressed, they nmay be arragged in such way that they
are transcribed as one or ~%5 several NmRNA nol ecul es.
If they are transcribed as single i nRNA nol ecul e,
their respective coding sequences nmay be |inked either
bytfegion eelleinulroranB oigovme. Tawontyast inany(diRESpcaugajedmAbs

3! EREAFRECDi A3 SRRt Sl i B

prt%ﬁ@)lr ® B&hzlllﬁi&ally?useﬁht @m@&n ME Y& S0 d-33Nt 99 DESEIT@ of
Zarate messen mol ecul es, which then

b Hewutothesy gtl &&9& ﬁl%?@ hE<%rrsorn@s>,£ dhese Wealeor spthsgadjunct
R/g%gigxse’ﬁ? r%f;@ﬁi@tchlqgiﬁl ltfel%t%%‘teﬁ eiﬁpﬁfgn%)f% eg Qa?n s%lnhulate

are own to those s
anhtitealy-dependeatcetialar Gﬁﬁmwﬂ@t(ABGﬂf)Q@Sh@Basl&%}he E&wny and
cont |n| the codi ng sequence of the prote
i RE rlatg lawgﬂ@vt%%qb“@% g &k Q“’ffi% .88&17 % (1997);

p@,'ums%‘@l@ Iaﬁejh?fx}nﬂﬂorbe”;( To%sa0 f19|96) @AID?I) Jytie attack on

acetylglucosan1ny|transferase tirvit
aptipolyprigsied gelifes @gggled upog hindm Qfdnﬂ@oynmraceptora to the

AR BB FR E PEe bGRt ot B At a7 (1997

[016631 gnal 3\ difleRHE bTBEIMSISmbmEdU BiShroddh tY idck&sé BDUMbARREy of
DNA technlques synthetic technlques and in vivo

r dBerbigaiad a4 lgdadei anginseofitsi Raregion oSdke anighodyx aRyitein

t

e SRR AR e S et SR ML Pl e pnggecion
Haf theigG mimioaﬁa@ﬂi YLunl.e¥al. QlBr%ﬁz)naﬂ.nl@ 7/963168 kl%ﬁ) Fowever,
Current Protocols in Mol ecul ar Bi ol ogy, G ee

PABYR SHdHg aleodeiiees de paprenw olejisprrcehaides m@lenﬁwttached
( 11%8 ):onge%g(ﬂsnﬁ & tjhg EJY-IZOJe%IaﬁSLuI?c%(ﬁe ?Sf 'I%gquz §LY195-4963-

systens nmaybe uti |zed t o exXpress seguence
of69t(h996;);rerghhamifMonisene§;tendﬂBzdtém M}dﬁ-ﬁg (stl) emggemﬁqg

bl ey SlieRardBrRE sl gaweaniad hody oirecthh GOTiBgR o the
SYﬁEﬁeﬁoﬁ iR iee iR G LvblbcHLRe megﬁﬁ%d 8 nskrheh aQ'é!été% CH2

cosm d DNA expression vectors containing the coding
séquemzteiewontfmapo@t Modlﬁtﬁatlontcvérth@ Dhgm:dcchtanée sioditwg can

f er abl
BRI plg S oRmsTlS eRRt HSGiaMBo0ha s
[0167¢el | s, AMIQGoRblesule SRZEOVEENLInked Oligosat@rBd&ah s FcPeRi6s

nouse nyel oma
one on €ach heavy chain. As any glycoprotein, an antibody is produced as a

population of glycoforms which share the same polypeptide backbone but have
different oligosaccharides attached to the glycosylation sites.  The
oligosaccharides normally found in the Fc region of serum IgG are of complex
bi-antennary type (Wormald et al., Biochemistry 36:130-38 (1997), with low
level of terminal sialic acid and bisecting N-acetylglucosamine (GlcNAc), and a
variable degree of terminal galactosylation and core fucosylation. Some studies
suggest that the minimal carbohydrate structure required for FcyR binding lies

within the oligosaccharide core. Lund et al., J. Immunol. 157:4963-69 (1996)



cells, PER cells, PER C6 cells or hybridoma cells,
ot her mammal i an cells, yeast «cells, insect cells, or
wW@b@anossed | s are used as host cell system SonBCT/IB2004/000844

exanpl es of expression systens and sel ecti on net hods

are described in the followng references, and

references therein: Borth et al., Biotechnol. Bioen.

71(4):266-73 (2000-2001), -6 Werner et al.

Arzneifnittel forsclzung/ Drug Res. 48(8):870-80

(1998), in Andersen and Krummen, Curr. Op. Biotechno
[01 68%3 117 "Ifh%311&%@D&)hanisfbr—d%aéwceﬂrlﬁlegbﬁﬁmﬂﬁmﬁéﬁff aanibademla

i otechnol. 12:188-194 (2001), and in G ddings, Curr.
qfor BodediohrduncapngAgh e\(th)ns nprain eéiaﬁlaﬂ@ required

oo et Bl R S, Bt P G RE e

WlHoki/er@C mtvlgbaﬁﬁg @WAC BRI ASRMOAMMERE BI BSre@IEGH. Mifdy e
t he codlng uence of the protein of interest and

{ 1, GhUPHGlogeGUaNA 2311995 Inpenbst, Insryseptlyabseyod that a
' ER élgﬂl’a-ﬂrgét?c%& }ﬁﬁllxelmzcé\ﬂ %@ﬁCAﬂ{Iﬁ&Eﬁ?lgﬂg&ﬁled a bisecting

reconbl nant™ virus — expressfon ‘vec
bE(RIUN(A\tI mtss)neoafntsaglmdfgrrmdﬂe Lieliyrng ob e Ghenbie/afy 1/18813-22

pr ot ein rest and. t cqQdi.n uence of the
di%g Eﬁ? ﬁaéveéranfthY rﬁ%@@ﬁﬁg%ﬁ afipaldgpjiro ADCC
Sya%h@ﬁ‘? ab @fAﬁﬂPQqLHMlHrhnhﬁ&%?bfbﬂﬁéedV ' Mandatd E%’f/ ﬁhé&n but at

vectors (e.g., cauliflower nosaic virus,
t chgniGeantiy dewer antibody, conkkAtraions.t r ansf or med wi t h

econbi d ex ressio vec e
01617 o dfe AT e R e RbtmR Ry PERcyt arieh 57 el hymphom
Preetigi ahdofhid Bhigfeeist mABChAshgek AUDOQ SREUS A he %sénh@ of a
f usi on pol ypepti de of the invention; or aninmal cel

y@%@éﬁﬁg CAeRAcediifely b ak.cCbatfiolagy 3V$: B@%—Zéxb%%)shbthe N-
frik%{i gh/égsﬂatioll dana '{ B&?ectﬁ{?&fch\mcaiﬁ %{Meﬁ%%rﬂ{e

senleere O contaln mu ple”copl

t fN—aaN&\l gam@@dnmglttahsfewseﬂe (@nT ¢fT).i $étaciest, Bimﬂzehzh €ell Biol.
COdlﬂgﬁ uence of the fusion pol ypeptide of the
(198b}-her stably anplified (C}KYdhfr) or

loa78f7s ab'%?l?ﬁ%*‘%%l??ﬂ el aS Rl auhll OTOROMER, thofwas
t rprfsx.zlbmslye nn%mae;red; takkpresmxir mmtgmalﬂ;srmtmdafaflyon different
re 0 en ressi on hecause, i .
P Bl GEPF{ clopit AU S cFERRETRRE Bo bl g Bioregfiag)
i s Wfﬁlmbbe Tl‘ﬁslaﬁbﬂﬁcﬁ cahSRE@ISCIe G st Him®- a rigorous
production of the glycoengi neered anti bodi es of %

prasestation hewveeh expressiqrddindiliend SwalldCEartiviry ofdas modlﬁed
Rath s t han usi ng expression vectors which contain
V|?g %¥|g|ns of replication, host cells can be

[0171) ansf OFurer whiibddidld@f eI Pemtibl Bavifglindealeddi dre€eptetibitfding
controlled by appropriate expression control elenents

( eafijnity prdyinpieased efigpantdetioniaglydn balare not limited to, anti-human
neuroblastoma monoclonal antibody (chCE7) produced by the methods of the

invention, a chimeric anti-human renal cell carcinoma monoclonal antibody (ch-
G250) produced by the methods of the invention, a humanized anti-HER2
monoclonal antibody (e.g., Trastuzumab (HERCEPTIN)) produced by the
methods of the invention, a chimeric anti-human colon, lung, and breast
carcinoma monoclonal antibody (ING-1) produced by the methods of the
invention, a humanized anti-human 17-1A antigen monoclonal antibody

(3622W94) produced by the methods of the invention, a humanized anti-human
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methods of the invention, an anti-human solid tumors monoclonal antibody
(CEA-Cide, Inmunomedics) produced by the methods of the invention, an anti-
human colorectal carcinoma monoclonal antibody (Iodine 131-MN-14,
Immunomedics) produced by the methods of the invention, an anti-human ovary,
kidney, breast, and prostate carcinoma monoclonal antibody (MDX-210,
Medarex, Novartis) produced by the methods of the invention, an anti-human
colorectal and pancreas carcinoma monoclonal antibody (TTMA, Pharmacie &
Upjohn) produced by the methods of the invention, an anti-human TAG-72
expressing carcinoma monoclonal antibody (MDX-220, Medarex) produced by
the methods of the invention, an anti-human EGFr-expressing carcinoma
monoclonal antibody (MDX-447) produced by the methods of the invention,
Anti-VEGF monoclonal antibody (Genentech) produced by the methods of the
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therapeutlc antibodies, since the changes introduced by the engineering of

glycosylation affect only the Fc region and therefore its interactions with the Fc
receptors on the surface of effector cells involved in the ADCC mechanism. Fc-
containing molecules to which the presently disclosed methods can be applied
include, but are not limited to, (a) soluble fusion proteins made of a targeting
protein domain fused to the N-terminus of an Fc-region (Chamov and Ashkenazi,
Trends Biotech. 14: 52 (1996) and (b) plasma membrane-anchored fusion
proteins made of a type II transmembrane domain that localizes to the plasma
membrane fused to the N-terminus of an Fc region (Stabila, P.F., Nature Biotech.
16: 1357 (1998)).
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protein of interest and the codi ng sequence of the
fusion polypeptide of the invention or particul ar
portions thereof. Alternati-¢®ly, total nucleic acids
of the host cell may be extracted and assayed for
hybri di zation to such probes. [0163] In the fourth
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maximal expression levels of the fusion polypeptide of the invention or by
engineering the cells to be implanted to express adequate or maximal levels of the

fusion polypeptide of the invention.

Therapeutic Applications of Antibodies, Antibody Fragments, and Fusion
Polypeptides Produced According to the Methods of the Invention.

[0175] The antibodies (i.e., the antibodies, antibody fragments, and fusion
proteins comprising a region equivalent to the Fc region of an immunoglobulin)
of the present invention can be used alone to target and kill tumor cells in vivo.
The antibodies can also be used in conjunction with an appropriate therapeutic
agent to treat human carcinoma. For example, the antibodies can be used in
combination with standard or conventional treatment methods such as

chemotherapy, radiation therapy or can be conjugated or linked to a therapeutic
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ofincheteuronjug@ien er hhkagmplgxby recombinant DNA techniques, to an

enzyme capable of converting a prodrug into a cytotoxic drug and the use of that
antibody-enzyme conjugate in combination with the prodrug to convert the
prodrug to a cytotoxic agent at the tumor site [see, e.g., Senter et al., "Anti-Tumor
Effects of Antibody-alkaline Phosphatase", Proc. Natl. Acad. Sci. USA
85:4842-46 (1988); "Enhancement of the in vitro and in vivo Antitumor Activites
of Phosphorylated Mitocycin C and Etoposide Derivatives by Monoclonal

. Antibody-Alkaline Phosphatase Conjugates", Cancer Research 49:5789-5792
(1989); and Senter, "Activation of Prodrugs by Antibody-Enzyme Conjugates: A
New Approach to Cancer Therapy," FASEB J. 4:188-193 (1990)].
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cells expressing an antigen that specifically binds to the monoclonal antibody of

the present invention or functional equivalent. This method comprises reacting
the glycoengineered antibodies of the present invention or immunoconjugates
(e.g. the immunotoxin) comprising same with said tumor cells. These tumor cells
may be from a human carcinoma.

[0183] Additionally, this invention provides a method of treating carcinomas (for
example human carcinomas) in vivo. This method comprises administering to a
subject a pharmaceutically effective amount of a composition containing at least
one of the glycoengineered antibodies of the invention or an immunoconjugates

(e.g. the immunotoxin) comprising same.
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the methods of the inventi on, an anti-human solid
t udiegasesmoplvdingnzgoriasis |a|§éd%¢rmat1t1s (e.g. atopic dermatitis); systemic

scleroderma and sclerosis; responses associated with inflammatory bowel disease

(such as Crohn's disease and ulcerative colitis); respiratory distress syndrome
(including adult respiratory distress syndrome; ARDS); dermatitis; meningitis;
encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration of T cells and
chronic inflammatory responses; atherosclerosis; leukocyte adhesion deficiency;
rheumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus (e.g.
Type 1 diabetes mellitus or insulin dependent diabetes mellitus); multiple
sclerosis; Reynaud's syndrome; autoimmune thyroiditis;  allergic
encephalomyelitis; Sjorgen's syndrome; juvenile onset diabetes; and immune

responses associated with acute and delayed hypersensitivity mediated by
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Regi on. O nogl Qbul i n That Pronpte Fc- Medi at ed
qP?fJ %%V@}tw a[ffo'i 1o deplefe dhe Rleediofiwamal Bicglls for @8 extended

pegipli on rel ates to a method for increasing the Fc
receptor bi nding affinity and/ or effector function of
[0183]her apdutaceordane |vbﬁﬁihe$rac‘t‘1he of itds avhitiore dlebgubject may be a

i neering the. Iatlon ttern of . the Fc
g%ﬁnl‘?ﬂ rgeu 1;51%{]%/ » Frng, r?a%ﬁia’t feling, and fyyan subjects. Other

engiriesIbbdd dnfiBaldbic Mclﬂﬂ&ﬁh&%ﬁgnveﬁ%ﬁs to produce a
[Olséolypeptlde with, e.g., GTlll activity or Gal T

ctivi t“&he presenf/anentioe talsei prpyiden at mathdd ffDJeSreathEg a SubJect

d h F
0 PRARe SRR ASS Y ARE0 il Belnintent F & Rouee el Bubit

Fchomegligatteshaep) bot aghickemt qulewaﬁctewn@gsé fontifiBd Qs ol oA,
C%| Ids nmedi.at ed by any _nol ecul e carrying a region
ladder, retinoblastoria, papillary cystadenocarcinoma of the ovary, Wilm's

tumor, or small cell lung carcinoma and is generally characterized as a group of
cells having tumor associated antigens on the cell surface. This method comprises
administering to the subject a cancer killing amount of a tumor targeted antibody
joined to a cytotoxic agent. Generally, the joining of the tumor targeted antibody
with the cytotoxic agent is made under conditions which permit the antibody so
joined to bind its target on the cell surface. By binding its target, the tumor
targeted antibody acts directly or indirectly to cause or contribute to the killing of
the cells so bound thereby curing the subject.

[0187] Also provided is a method of inhibiting the proliferation of mammalian
tumor cells which comprises contacting the mammalian tumor cells with a

sufficient concentration of the glycoengineered antibodies of the invention or an



that is an equivalent to the Fc region of an
i mmunogl obul in, not only by therapeutic antibodies,
w@2eemeise changes introduced by the engi neer i PQI/TB2004/000844
gl ycosyl ation affect only the Fe region and therefore
its interactions with the Fc receptors on the surface
of effector cells involved in the ADCC nmechani sm Fc-
cont ai ni ng nol ecules to whi©h the presently disclosed
nmet hods can be applied include, but are not limted
to, (a) soluble fusion proteins made of a targeting
pirotmehocotrpaten cobmprsing osantee st\- dse tori inhiditoprodiferkiton edi tha
(Cham)v and Ashkenazi, Trends Biotech. 14: 52 (1996)
amfaliag tueascslisnbr ane- anchored fusion proteins made
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rotein to undesirable cells such as cancer cells,
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t hese nol ecul es would therefore be identical to the
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gammp@bkammmg the fusion protein. This can

chi ev ei t her. ene therapy.approac
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S AP PREEHE bR RSP GuogsEied T PP g B s ionatly
i nndhﬁ'& diediniibsdichor@oRabmbEfor G8REIY @rcid@REABsYhAbRthody
cell therapy) where they cannot be destroyed by an
Feodldeidat ed”  cel | ul ar cytotoxicity mechanism However

houl d ul.e: N
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Féaveatdomtcan becalrhinkstered ykiag wdnceﬁtmnalstrﬁbldbé af %ﬂnﬂhstratlon
Nat yre Bi otech. .16: 1357 (1998 In this case,
pﬁ%éf%ﬁ{l&;?ualﬂogémagegao RSO ol ap%owbpraédntéﬂmhawr
| RARERATA{h ekl Mitd B tumor. Intravenous administration is preferred.

[0192] The compositions of the invention may be in a variety of dosage forms

which include, but are not limited to, liquid solutions or suspension, tablets, pills,
powders, suppositories, polymeric microcapsules or microvesicles, liposomes,
and injectable or infusible solutions. The preferred form depends upon the mode

of administration and the therapeutic application.

[0193] The compositions of the invention also preferably include conventional

pharmaceutically acceptable carriers and adjuvants known in the art such as
human serum albumin, ion exchangers, alumina, lecithin, buffer substances such
as phosphates, glycine, sorbic acid, potassium sorbate, and salts or electrolytes

such as protamine sulfate.



gene therapy vector an additional gene expression
cassette directing adequate or nmaxi mal expression
wo ewelosssad t he fusion pol ypeptide of the i nvenP€DIB2004/000844
by engineering the cells to be inplanted to express
adequate or maxi mal levels of the fusion polypeptide
of the invention. Therapeutic Applications of
Ant i bodi es, Anti body Fragnéﬁ%s, and Fusion
Pol ypepti des Produced According to the Methods of the
I nvention. [0175] The antibodies (i.e., the
[01948nt i bodhe mosteffddiodynddead emisstraiod ahdsiosage rpgioterifosthe
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can be conjugated or linked to a therapeutic WO

2@@1(@65540 PCT/ |1 B2004/ 000844 -69 drug, or toxin,
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s |\ﬁ}ﬁcmfnctuﬂe Braeé AeNBmitbd o Glquiiesituticiiv @ shispensions, tablets,

onj ugating such therapeutic agents to antibodjes are
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Aq.}:ﬁ@ﬁ 07‘}1'5 glzq thgf’ud Bl OL 1?[116 %%atlﬁ‘gﬁyg&ég% %i%r@%?g Y, Gl éioga%%s of

Thas RR IRl lshoul& 153 ﬁtrE’c"e@ Pha ihdvidAdldubetot oxi c
Properties Anti b {d Toxi n Conj ugates”, | munal.
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* AR aay bemad fasoptimige i HeT plbg Sith Firdbitips phliting
TheEAReL bigt dYss nofy Ragiabahel a@ﬁumstered on a daily basis or the dose

reduced proportionally depending upon the situation (e.g., several divided doses

may be administered daily or proportionally reduced depending on the specific
therapeutic situation.

[0198] It would be clear that the dose of the composition of the invention
required to achieve cures may be further reduced with schedule optimization.

[0199] In accordance with the practice of the invention, the pharmaceutical
carrier may be a lipid carrier. The lipid carrier may be a phospholipid. Further,
the lipid carrier may be a fatty acid. Also, the lipid carrier may be a detergent. As
used herein, a detergent is any substance that alters the surface tension of a liquid,

generally lowering it.



Anti body in Cancer Therapy", in Mnoclonal Antibodies
For Cancer Detection And Therapy, Baldwin et al.
W@ e@g/0§354pp. 303-16 (Academ c Press 1985)]. ArCDIRMOOHHN00844

to yet another enbodi ment, the anti bodies of the
i nvention can be conjugated to a second antibody to
forman anti body heteroconjugate for the treatnment of
tumor cells as described by’%Segal in U S. Pat. No.
4,676,980. [0178] Still other therapeutic applications
for the antibodies of the invention include

[0200¢0Nj UQEH i0BB &XamplesAge: iredtion, dite rd@eRgdN: Madyt bENAnonionic
techni ques, to an_ enzyne cap abl e of convertin

preErasyt. .Eﬁa@pée%yﬁ BeRHE d@mgenéﬁ énclygle, byl agsf nqt%lggited to,
a?%h@&%Xtee %63/ g‘”a? T\Qe&o %’ %?t @%@ %étﬁg‘éﬁg‘sorbltan
rug to co ert t prodrug to a 0

a&ndﬂoeleﬁi&)nﬂn;saﬁﬂ fitee tefor exdguple S"eMreWBﬂ 3% and Tnton A-20).
"Anti - Eff@gts of Anti pody-al kal i ne

[0201pp g ph é%?%‘é‘ tively, e detregept mag bepar igpic dejgagent. ¢ gxamplogy an
( 1&%@ dotergEMNANGEITERT 15‘l‘¥ot {il&el B ‘Alkﬁrftﬁrn@ﬁﬁ ahdtnHiMR bromide,

t1tumr Activites Phosphdryrated Mtocycin C and
[OZOZEEt oposiiiditDerilydn awsda*uye With tied ioverition Ahe lipdaperr kalyibre

Phosphat ase nj ygat es:., .Cancer. Resear.ch 49:5789- 5792
TGRS, 355 S IR PRt O £ G dg e dieggprane botnd
A%slb@%&ng&ﬁﬁn@m HEBEESS ofthe NEBHNHIGQREDItaB oSS RIOT.
Therapy, " FASEB J. 4:188-193 (1990)]. WO 2004/ 065540
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ves use presence

aslqaaytundérstand amd ﬂo@ﬂzﬁ:ﬁcd fhd:g:ré&fent ianéntlond The present 1nvent1on
conjugate, tqo renpve tunpr cells fromthe bone marrow
thEVﬁﬁ%re 1S ngidimiggek i@ scape BY éh%@empht WfiseH&)ﬁBF’é%’éfh which are

a%t%h@&loéésﬂlﬁﬁﬂﬁltoﬁg '6£ r%t E%B%{/) gf’ ?%qgv&fﬁonvdn}'}p naethods

treatnent wt marr ow infus
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antt en b t{jjil n% region of the desired nonocl onal

aﬁF| o Msed t herapeutically. For exanple,

t he single-chain i munotoxins of the invention, may

be used to treat human ' in vivo. [01811
Simlarly, a fusion proW%ri sing at |east the
anti gen-bi ndi ng region

EXAMPLE 1

Materials and Methods
1. Construction of antibody expression vectors.

Anti-CD20 antibody expression vector pETR1502

[0204] The C2B8 anti-CD20 antibody expression vector, pETR1502, consists of

four independent, separate expression cassettes (one for the C2B8 antibody light



of an antibody of the invention joined to at |east a

functionally active portion of a second protein
whaooisogssamt i -t unor activity, e.g., a |ynphoki nBCDIB2004/000844

oncostatin can be wused to treat human carci noma in

vivo. Furthernore, reconbi nant techniques known in

the art can be used to construct bispecific antibodies

wherein one of the binding’&pecificities of the

antibody is directed to a tunor-associated anti gen,

whil e the other binding specificity of the antibody is

t lehadin pdnefonlceCIBEartibbey hédvgthaidabkk fokl fHRMedSORIradifthce
antigen, [0182] The present invention provides a

meePOAG R 4@ heryens difr |zendig Alligenes ase nnder eppirelsef thy
2 AR LB 3 HoBRARL & Uk P ARIMIES 18 ERARG b St

resent 1nvent or f I Ona

e «mnscadnmpblyaﬂ(hm}datm sivrd] deoivpd fieasthe pelgtdonglatibh signal of the
glycoenglneered anti bodi es of the present invention or

PiySes (e. g. the |nnunotOX|n) conpr|3|ng

T T Y

| me@mrtsl ofi the cmiided2@ alﬁﬁbdst@d OQB8t tvesd lams@nfbwdc foaMasSset of
for, exampl e huma carC|nonas in vivo. This nethod

ﬁﬁl‘llqugg nglesiran 1@0{115; %ptldgmﬂ @ ene-giep process using PCR
PRRb e
cEm oy ‘*légi‘{’é&%@é‘ T o o R Rl Quence
awpdmgdfoestBS t¥ie aml &H i :pions \&erel obteined dinjragatedlished

ot Do oo Loriof ABETArR Pb ksl o Speker

| IMAND2ON ASsehhBled e ah@ V& CDNPA &Rt e §1ijbrcloned into
treating an autoi nmune di sease produced in whole or In

p@Pluesr B HKIRGhiei give pRINeAAB D0 end pBhce2RHV Bpletnids and

S?iu%b N conprising admnistering a therapeutically
e rvé anmount of immunologically active antibody to

[020@ hunaiThesubipbiet chiaths tFCRBh e ROimplifi&] FOB B @FRBEponding
r|S|n adm ni sterin therapeutically effective

H admBiser-2 ﬁngaﬁmiéﬁ B2 arimpeChpriapadusg an
' 'As@ﬁ%%%ﬂ&? n_%tééﬁtttltfb f ha%d '5}:1‘& Q@}ﬁn@e{te I‘é@ﬁlcjﬂ%}{ §ft‘é§ a? %E%ct%n

preferre ment, the 'S an anti
anf ﬂtmvhpabExtarthstsntafegmut(BsHWﬂme thb Bglatshainodnd Nhel for the

di,sorders cl but are not limte

| R Lheda f s Pawﬁxee?énphfgega?na%h%m lgukocyte
| dDORA by t UHKRRAML ORERCE) Fﬁ%‘lﬁ@%fﬁﬁe@r‘cﬁa@i}ﬁ&gﬂﬁ& suitable
i di opat hic rombocyt openi c

d eestradtionhsiiss tlfl the 5 ﬁh@TﬂS iBEINY)ﬁ'ifml Bdmlﬁbﬁ)r the constant light

chain and Nhel and BamHI for the constant heavy chain).

[0207] After confirmation of the correct DNA sequences, the C2B8 antibody
light and heavy chains were each combined with the MPSV promoter and
polyadenylation signals. In a first step, two different expression vectors were
constructed: one for the C2BS light chain (pETR1315) and another for the C2B8
heavy chain (pETR1316). In a second step, a neomycin resistance expression
cassette (neomycin resistance gene derived from Tn5 transposon and put under
control of the minimal MPSV promoter) was introduced into the vector
pETR1315 resulting in the plasmid pETR1481. A dhfr gene expression cassette
under control of the MPSV promoter was inserted into the vector pETR1316 to
give the plasmid pETR1328. In a final step, both expression modules (C2B8-light



nephritis, rheumatic fever, polyglandul ar syndrones,
Henoch- Schonl ei n purpura, post-streptococca
wWoe@hisiske, erythema nodosum Takayasu' s art er PCT/B32004/000844
Addi son's di sease, erythema nultiforme, polyarteritis
nodosa, ankyl osing spondylitis, Goodpasture's
syndrone, thronboangitis ubiterans, primary biliary
cirrhosis, Hashinoto's thyTbldltls t hyr ot oxi cosi s,
chronic active hepatitis,
pol ynyosi ti s/ dermatonyositis, polychondritis,
p ahgihh-gies andICPRS-heavyWbgrnedhis) wgé esthibinetih 08¢ Sector resulting
ranous ne hro athy, anyotrophic |ateral sclerosis,
t&b P‘ﬁBF@HE | ynyaglia, pernicious aneni a,
rapi dly progreSS|ve gl onerul onephritis and fibrosing
alveolltls .|nflannatory responses such as
At 20 antjbogyics pyecser NHIARLSd0ng psori asi s and
dermatitis (e.q. atoplc dernatltls) systen c

scl er oder ma and sclerosis; responses associated wth
[020&] nf | amPBT 8 §2Gewebine =GR Panti-€HEA aatsbcdwhnreselm wes with

08 LTG5 TRt OBl PSR

d@ép‘lﬁhﬂldn ﬁnd heimitadghdd B celle PeRRbBRg thé Epstbh\tleBért $irus nuclear
colitis; ﬁg}omerulonephrltls al l ergic conditions such

adntigen ERN Adnborsonsimstign af the ﬁéB8 expieRsionyAgos, ABERVI Hythe
t

S ot o S GRSl ST Fagmen

delﬁtooordhcgntalnmgemmr EJFRaIStOﬁr iTIhe s/‘ecmysﬂiﬂmldlﬁ up $8nilar to

SLE a es.nel.litus (e. pe 1
PSS R3f fonithd i P&Péﬁ’é%‘é‘@ Frortcibfepisiiec eches
”thhéﬂdéﬁ‘brel df"dlé flﬂ’ll fstead b?flﬁ%ﬁlmﬁemqﬂ%l%nﬁ%}d I OIe;

aut oi mune thyroiditis; [ ergic ~encephal onyelitis;
Sj orgen's syndrone; juvenile onset dlabetes; and
i mmune responses associated with acute and del ayed
hypersensitivity nmedi ated by WO 2004/ 065540
PAnt-H200e0tiDoaddddy expPessiph oketnesEERHS4E- | ynphocyt es
typically found in tubercul osis, sarcoidosis,
pol ynyositis, granulomatosis and vasculitis;

[0209%er ni ciThisverieni ahe( #ahel sOnécsor THERERO) exdép’thaSE}& variable

i nvol vi ng. | eykocyt e di apede centr neryous _System
By e Eititionn rearEBciine S ret £ g gaibady g been
sygslsasy the E‘é%bb!étiv‘é BBAT Bgiohd BEAHHORY 1.19U4 hi¥0bn antibody
limted to cryogl obi nema or Coonbs positive anem a

nnghﬁmgéthE\aB domaintaif ijbmnamn Bbe yarcablmbmnmdatg@NA

t] dj
RGP iR R PR G PR TR oS g P Bitic
dloﬁgmleohaésosﬁedﬁm e fasidacst teSyREbRNMRioRS MINhe 19

bul |0
a11t1body (Pini, A. et al. J. Biol. Chem. 273(34):21769-76 (1998)).

Anti-EGFR antibody (C225) expression vector pURSI28

[0210] This vector is the same as vector pETR1520, except that the variable
heavy and light chain coding regions of the C2B8 anti-CD20 antibody have been
replaced by the respective coding regions of the antibody C225, a chimeric
antibody recognizing the human epidermal growth factor receptor. The variable
region-encoding DNA fragments were synthesized by overlap extension PCR

method using synthetic oligonucleotides based on the sequence of the variable



penphi gus; aut oi mmune pol yendocri nopathies; Reiter's

di sease; stiff-man syndrone; Behcet di sease; gi ant
w@edo/oessseritis; i mmune conpl ex nephritis; | gAPCT/IB2004/000844

nephr opat hy; 1gM pol yneur opat hi es; i mrune

t hronbocyt openi ¢ purpura (I TP) or autoi mmune

t hronbocytopenia etc. In this aspect of the invention,

the antibodies of the invef®ion are used to deplete

the bl ood of normal B-cells for an extended peri od.

[01851 In accordance with the practice of this

i megins oﬁ‘glet(DZQSSMjbe_dy (segyerives @an fbel lrmmd iﬁ%gﬂﬂished patent

por cj.ne, bayi.ne, nurine, canine, feline, and avian

5 GBpAion Veilvigletnaliana PB issHERmEHP#RIVO 6149240 dogs. 16 and 17
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| e e Sion A b A g, RepRiiby.

subj ect suffering froma cancer. The subject maybe a

human, ~dog, seL:abhi . hor s goat ,

sheep, 2glow, %@%%%%%ﬁ%iﬁgﬁggnfgé@%re%éoq \aeé:ﬁ)ﬁ fied as a

breast, bl adder, retinoblastoma, papillary

g 88 .C@’regtjop%?%o&ftit&tnf% epfssion | ;um)r, or

characterized as a group of cells having tunor

ssoci L.ge Nt cell surface. ' t
021135 0} 58S RRhL AR AP PR 6 bR A6 e TR e B
Kivdsianglified Goin bt ldidyBDNA dbgey ECloaRth)BYBCR iOCREEhHA
a cytotoxic agent. Generally, the joining of the tunor
t&rl‘\éﬁ(t“élaﬂ%?ﬁtt%‘@%ﬁﬁddw ingnedialelyypsirena of thessen coden afiliegene

unda L . . . v, 50 | Qi
¢ ReifnoSeRtloll A0S PIEIISRRTTY ol e Albshech ol O SHity
t é)g Qfétaterln Bdots.ukfber confmgeioadf ﬂjgtcbh@ﬁ)ée@%héek@f: C:}IEICIIII th(? Sdne
i ndi r.ect to cause or. contribute to the ki ing o

t e a%ﬁertgg &Bg%_&aﬂﬁolt HepeiPR PP tetRndsa ngistic r piigrta-
AosdbiPpOYhdadatisn 88 WA IdRE, T YR E}F’F‘ﬁI %@?es%ion vector also
proliferation of mammalian tunor cells whic
c6Aprincdsa cepraie tiumgmydie mosistavdd amsstttemtor sdddtisnwintth the

S icient concentration of 1the glycaengj ed
il GMER 2 fndi thr Sl S Easgnoter and
Pehith&20085i006:84dobin g& b ﬁ%ﬁ@i’fgamat e conprising same
so as to inhibit pro i?era ion of the mamalian tunor
cells. [01881 The subject invention further provides

MpEMRA425:Replatbinkht dfMBe HRE 780 aci@f oNEFRT by first 102

Cahdifo adidethOBufarl GEPL. 1 N a subject, and treating a
proliferative type disease in a subject. These

met hods_conprise administering to the subject an
[0212] The construction of this hybrid glycosyltransferase gene was performed

by subsequent overlapping PCR reactions. In one reaction, the stem region of
human GnTI was amplified using the primers GAB-179 and GAB-180. During
this PCR reaction a Kozak consensus sequence and an Ascl restriction site were
also introduced at the 5> end. The resulting PCR fragment has a 23 bp overlap
with GnTIII starting at position 229. In a second PCR reaction, the GnTTII region
from position 229 to 380 was amplified with the primers GAB-177 and GAB-178
generating a PCR fragment with a unique BstXI site at the 3’ end and an 22 bp
overlap with the GnTI stem region at the 5’ end. Both PCR fragments were
purified and used as templates in a third PCR reaction (primers GAB-179 and
GAB-178). The resulting fragment was purified and digested with Ascl and



effective anmount of the conposition of the invention.
[01891 It is apparent therefore that the present

WO pwe635an enconpasses pharnmaceuti cal conposi PCDIBRN04/000844
conbi nati ons and nethods for treating human
carci nomas. For exanple, the invention includes
phar maceuti cal conpositions for wuse in the treatnent
of human carci nomas conpri sithg a pharnaceutically
effective anount of an anti body of the present
i nvention and a pharnmaceutically acceptable carrier.

[ 0ig@6q tofthe vexoonpdIR 100 h écurevyth GGoI eaidrsmeh)areamtm@mdue plasmld
f nts, eit h(ia unnodi fi ed, conjugated

PR A BE shinches 6F thogligy Do been carbipind tbr MPSY

Eﬁﬁﬁlﬁeﬁéﬁﬂa&ﬁ%@s a@fied tP pE Tﬁﬁ@ﬂ?é ﬁ?ﬂgﬁ%f(ﬁerﬂﬁl(cﬁgegtlon) / Pmel

imeric anti bod | es, gnen S
arﬁtagmg@h waeldingi is ﬁb@:plfasmldapﬁTIme eShe Sphle’ BOKP 63 zinkafom

gé i onal I [ nc{? ude at h ant Odl es or
BRI 50 aR PRiredsioalfoblos SEmbe R obbineliag O T, sy Pty
c @qﬂetoaﬂ by -thd E5k&bgonthes ﬁf&éxhé}ﬁ%YpE@Rtl h@?fgéuﬁlﬂggﬁn 8R! fashid

i munot oxi n COﬁpOSItIOﬂS i nventi on

atRiRi41% ﬁ@lﬁal@m&@ecﬁn'ﬂbﬁnﬂ“ﬂh é’usmmchaéeroéontrol of the MPSV
t | udj but.. n imted to,

i ﬁ@@\}a%as p%lo P#’%géérjsﬁjt Sg?sse%er%r IF{ﬁqnal ynphatic or

adm nistration directly into the tunor. Intravenous

gnlnlstratlon is preferred. [0192] The conpositions
HPRESTANGRGTEi on nay be in a variety of dosage forms

whi ch include, but are not limted to, liquid

sol utions or suspension, tablets, pills, powders,

sGpPosi’? or FESTCHELgRETEaCACCrECapSIL®SCUCCAGCCACTGTCCCC

LG L0 i.C | n ectabl e or infusible
%5t¥2%s b?%SGgﬁg?§§E§§CFE$E&8 Eéﬁgs upon t he node
oGABdmvelstm@hsgaeaadcbb@Abhﬁ@@@@@hh@A@@@hb%@&b@ﬁGGGc

[0193£ The conpositions of the invention also
pF8éPer8BFy include conventional pharmaceutical ly
a@@@@h@ﬁbﬁG@%&&bﬁ&%Aé&ﬁg@%bH&éB&%cﬁER ch ] gEsggg

such uman serum al bum™n, “ron exc anger m na,
| ecithin, buffer substances such as phosphates

gl ycine, sorbic acid, potassium sorbate, and salts or
el ectrolytes such as protam ne sulfate. WO

2PBAROHED RepRCHN ¢ B0 /76 DD-&drhinal fhiloQtRKB lof GRETINES the first

el d@arhinveclie &€ homaRdihAbsddsall, on and dosage regi nen
for the conpositions of this invention depends upon

he seyerity and cours t he
[0213} ¥ﬁe conistruction o STR1506 was performed analogously to the

construction of pETR1425. The stem region of the human mannosidase II gene
was amplified with the primers GAB-252 and GAB-253 using the vector pBlue-
man as a template. During this PCR a Fsel site and a Kozak consensus sequence
were introduced at the 5” end. The resulting PCR fragment overlaps the GnTIII
gene starting at position 229 by 23 bp. In a second PCR reaction a part of the
GnTIII gene (position 229-460) was amplified with the primers GAB-254 and
GAB-255. This PCR reaction generated a fragment containing a 43 bp overlap
with the mannosidase II gene at the 5° end and a unique Stul site at the 3’ end.
Both fragments were purified and used as templates in a third PCR with the
primers GAB-252 and GAB-255. The resulting fragment was inserted into
pIC19H giving the vector pETR 1484. A fter the correct sequence of the insert has



di sease, the patient's health and response to
treatnment and the judgnent of the treating physician.

wa\ewaneismyl y, the dosages of the conpositions BECDIB2d041®0844

titrated to the individual patient. Neverthel ess, an
effective dose of the conpositions of this invention
maybe in the range of fromabout 1 to about 2000

my/ kg. [0195] The nol ecul es8@escri bed herein may be in
a variety of dosage fornms which include, but are not
limted to, liquid solutions or suspensions, tablets,
PiBees copfimibarilhs canipeSudion ek, wQoMsRIcted b IiHacag pfeuiseB/

rovesi ¢l es i pOSOo and _i njectabl e or

or_m I nes, :
| b iFhEery of B TR HASA Wiilaths Saié FradIteredbben 88 TRIARS in
t ) A4 [ d j 1C

il oo SRR D PR L TR The Gl e Rk B TR 1500
advontaustdrtat hpbridamdnlddsAJH geagi($EQ IDANO1HEunde lcentubless the
of resent_invention depends .upon the |ogation of
thME)BS(rFEPmBEr'rFé’r Seleeianat the Hasraiyia masryn%\wa oeBtp Burogtycin
t hRsisaREassctiB fas RERSlas A0S 66! i
tregtnentagﬁd tﬁe judgﬁgnfgg?ﬁ%%gﬁ?gggking g§§§$§?§§ﬁw
Actesndidpdi TR 150he dosages of the nol ecul es shoul d be
titrated to the individual subject. [0197] The

interrel ationship of dosages for aninmals of various
sim@seaRgduépesi es and humans based on ng/ kg of

surface area is described by Freireich, E. J., et al.
Cdrter2Thenot her., Rep. 50 (4): 219-244 (1966).

op R B TP R e T R R e

reGpdnsel:e. g., doses may be divided and adm ni st ered

on I ' e educ rtional |

B R e e R TR el P
dosgsTTrRycde administered daily or proportionally
reduced depending on the specific therapeutic
si¢®fat?eh: [0198] It would be clear that the dose of
t

cU e e R e A oS
opTEAGZEACDETCCEO199] In accordance with the practice

of .the_invention, the pharmaceutical carrier may be a
i G 2att  are e A GG et
phosphol i pid. Further, the lipid carrier nay be a
fat.t id A so, the lipjd carrier nmay he. a i

: 9. Cambina ofathe; hybri Geb] fusiopgene with the
lIsRlication opigHy or] frai e B Vit t ensi on of a |iquid,
generally lowering it. WD 2004/ 065540
[0214CT/ | B20Giské QR0%fflers GAB-261 and GAB-262 a 2 kb fragment containing

oriP was amplified from the plasmid pCEP4 (Invitrogen). During this PCR

reaction at both ends of the fragment Sspl and EcoRI sites were introduced. For
sequencing, the oriP fragment was inserted into the vector pIC19H. After the
correct sequence has been confirmed oriP was inserted as a Sspl fragment into
the vector pETR1001 (digested with BsmBI and 5° overlapping ends filled in
using Klenow polymerase). The resulting plasmid was designated pETR1507. A
Sphl/Nrul manlI-GnTII expression cassette from pETR1510 was inserted into
pETR1507 digested with the same restriction endonucleases giving the plasmid
pETR1519.



-75 [0200] In one exanple of the invention, the
detergent nmay be a nonionic detergent. Exanples of
Wmoovit0685¢0 det er gent s i ncl ude, but are not | i m PEHIB2004/000844
pol ysorbate 80 (al so known as Tween 80 or
(pol yoxyet hyl enesor bitan nonool eate), Brij, and
Triton (for exanple Triton WR-1339 and Triton A-20).
[0201] Alternatively, the d8iergent may be an ionic
detergent. An exanple of an ionic detergent includes,
but is not limted to, alkyltrimethylamonium brom de.
[ (2GRdr ifckonal |y, in accordance with the invention,
t he IL&% carrier may be a liposone. As used in this
Tt o

appts rGCEARAT TGEC TR AT BBTFRCTCGAAGC

Cesicl : . . .
o o e T B T B G T
exfA@E® the invention in nore detail. The foll ow ng
preparati ons and exanples are given to enable those
skilled in the art to nore clearly understand and to
pritiR 168 7t Gempimes@ndS thatwdridingemIl- CREIID fitfdtent MBI thireied
hayly e¢ll-siracR@hiarkérich€d in scope by the exenplified

: enbodi nents, which are intended as illustrations of

i ngl e .as s of the jnvention only, and nethods _

0215, ¢ éﬂ?%ﬁéﬁ%ﬂfﬁmédm%ww@%éd for edditional expressisa
of . . ) oL YIS
e R o e L3R g i AR
wifbsion [gepe raxpeasgion eassetto wasosmveied |feahn ianniohecisttdnid tom

the .foregoi ng description and cconpany| dr aw ngs.
S REr et B st e dhte JoPESRGM SUnE R codew of the
S apRfl-GafT Tl fgsic) P Eﬂﬁi@dir&-‘sl RIESR:]enfeltMilofd b AMR A edcodin g
Material s and Methods 1. Construction of antibody
exdfrsated Aumpae CHdproteindeommbiag tha hivben ¢ Délpadessiquence for
v . [ The C2B8 .anti - 0 ,anti body
e3%%@@%?gﬁgéggﬁﬁF&ggé%ﬁfggﬁémé%ﬂf é?? 6 fd@&@Pg-

i ndependent, separate expression cassettes (one for
the C2 ant+4.ho 1ight WO 2004/ 065540, .

PCT/ | B2004/ o%@’%g?t%“"% f SRAPRaIE, oy Withe CaF B fusion- and
anti body hedR/PAHAFPIeSSINE VEHIO™ he neonyci n resi st ance

gene and one for the nurine dhfr gene). Al genes are
uritetisfediohrod BHK célize

[0216] Exponentially growing cells (viability 90-95 %) were seeded in the
appropriate number of T75 flasks at a concentration of 0.9 x 10° cells/ml 24 h
prior to electroporation. As culture medium, Invitrus (Cell Culture Technologies,
Switzerland) supplemented with 10 % fetal calf serum (FCS) was used. Cells
were counted prior to electroporation. 8 x 10° cells were harvested by
centrifugation (5 min, 200 x g) and the supernatant was discarded. The cells were
resuspended in 800 pl Invitrus medium and were transferred to a sterile
electroporation cuvette (0.4 cm gap) already containing 8 pg circular plasmid
DNA and incubated for 5 min at room temperature. The cells were electroporated
using a Gene Pulser II (BioRad) with the following conditions: 400 V, 960 pF
with two pulses in a 30 sec interval. After the electroporation the cells were
immediately transferred into a T25 flask containing 5 ml of outgrow medium

(Invitrus / 20 % (V/V) FCS / 1.25 % (V/V) DMSO) and were incubated at 37°C



pronoter of the nyeloproliferative sarcoma virus
(MPSV) and contain a synthetic consensus

w@ologadsmy| ati on signal derived fromthe PCT/IB2004/000844
pol yadenyl ati on signal of the rabbit (3-globin gene.
[ 0205] CDNAs encodi ng the variable heavy (VH) and
variable light (VL) chain regions of the anti-CD20
anti body C2B8 were assenbl e®2-from a set of
over | appi ng singl e-stranded ol i gonucl eotides in a
one-step process using PCR (Kobayashi, N, et a

Blm)t aecﬂ%xtoyemﬁﬁh&@ Omb@(d:9 Hor) profit€idd iogi ﬁﬂhocﬁﬁ@ﬂl G{ﬁ@lﬁ
co g for %88 VL _and_ VH regi ons were obtained froma
§

qog%ﬂeer t@fihadiesnle Geie arire dpssicetst oy with antibody

| ) .
X T Tt
p BelesericpittahiBited thh t@o phsmﬁlsuehe@a%‘ﬁlﬁo&ﬁdxpressmn and the

pBl ue- S equenced. [0206] The
VAl Sl&HéLJnﬁ it g1 @@%ﬂéﬁé Vi) BEPTessiomn rigatio of 3:1,
cq&#@§g@gglng pBl ue- C2B8VH and pBl ue- C2B8VL pl asm ds

usi ng. pri'ners that introduce an Ascl restriction site
at the 5 end and appropriate restriction sites at the

j q‘?&ﬂ_sifé?:ﬁon9{“1—1@%%93%]31@%'0@!& 0 constant region (BsiW
for the T'rght charn for the heavy chain).

The 1gd@ constant regions were anplified froma human

[ozlﬂ]eukocéﬁc?ﬂ % c%?l ﬁl@é%ﬁ%ﬁ%%el S8 tt?&rﬂ}ec% | 8tne

priner dUC urta res roctiron sites a

t lwelcBim plm}tpﬂate methed( lelé/%emrgdovﬁaﬁd-dldhémht bgolagstlants in
angd BarmH  for the constant heavy

li hai Nhel
'ﬁgﬁ%ﬁs ﬁflgé R BRT PP ISRt P Y FLSy e
S @AHERGES whilhe FARR Ry ERLYandlS0H L on@REnth %@f’%le tBAESion

were each conbined wth the MPSV pronoter an
poif g ddé dipblaBinpitlicsi aptiavsre dendal F4i lromits tsdtferp tranwdoction in 14 ml

¢ STV ENE S B SRl e e R o A% GO 2P e/l
t hgod88, ahedvys GRAl gm(:@ﬂﬁ%?a@m anNinBuiR (?ﬂ%hsat 80 o,

neonyci n resi stance expression cassette eonyc
r eghephersevemight.dBer aaehiTﬂﬁ ﬂask'l’cn?‘oettnaasfsq:tedgmohmuin pﬂDNA

trol of t | _MPSV t
R B SH i ProRer B B DTS LP RER R AEDNA 23
plozaning RELRbARbn ﬁl(ﬁﬁdil%%g%ﬁﬁr BXPHASISY A€ BF 264 LF’ To thls

under control of t ronoter was | nserted
t seluiien,t460 Lyb &TRIBAN HEPES;;Q\%@ niM & agll sl N@M&%&uubmat

a tipal step,, both expressi on nmodul es (C2B8-1ight WO
2@&?3@ gg%(ﬁ)dﬁeg%rpgg %éqm for 10 sec an(d left to sta?nd at room
temperature for 20 sec. The suspension was diluted with 12 ml of DMEM

supplemented with 2% FCS, and added to the T75 in place of the existing
medium. The cells were incubated at 37°C, 5% CO, for about 17 to 20 hours,
then medium was replaced with 12 ml DMEM, 10% FCS. For production of
unmodified (non-glycoengineered) antibodies, the cells were transfected only
with antibody expression vectors. For the production of the glycoengineered
antibodies, the cells were co-transfected with two plasmids, one for antibody
expression and the other of fusion GnTII polypeptide expression, at a ratio of
4:1, respectively. At day 5 post-transfection, supernatant was harvested,
centrifuged for 5 min at 1200 rpm, followed by a second centrifugation for 10
min at 4000 rpm and kept at 4°C.



-77 chain + neo and C2B 8-heavy chain + dhfr) were
conbi ned in one vector resulting in the plasmd
WQREDRLGG20 Anti-CD20 anti body expressi on vect oPCT/IB2004/000844
pETR1520 [ 0208] pETR1520 conbi nes a C2B8 anti - CD20
anti body expression vector with an origin of
replication fromthe Epstein Barr virus (oriP) for
epi sonal vector replicati ®A-and nai ntanance in cells
produci ng the Epstein Barr virus nuclear antigen
(EBNA). For construction of the C2B8 expression
v&eh@ntiorpdd BRtabieflamiadian €ABBnecoxpraasiag aneovnbutant fumto@D20
pEkRbAY6 was inserted as a HnDI Il fragnment into
ori P-contai ning vector pETR1507. The vector pETR1416

218 b 3 pBE&icall KBBKOIny ) i orasT Uk Bl rresePoigaR it
S?ETR% 0028k ear}{tf_’ébhy—ekﬂ%és?&g VQ(_f,t%It, L\@hl@l NofiBins Me¥mycin-

noter. Anti-fibronectin antibody expression vector

PEFRIBAG He02C8preFhos cassettor Nsomhjen-sesivtand sclomast were first

ETR15 xcept th t he vari.ahl hea d.ligh
PRI S R Bufting B ieiig SremomAla TSy the
h?E"be_@@pvect& M e Cldes e HREREGELIEOE REbAYIHABOARIbD Iy
of antibody L19, a human_antibody recognizing the

Eproguefénreistngoh BLIBAnseast Bricflyi?4 hoard nost @ectroporation, viable

r - : i

S9N DR TN AT S SO IERAIES, g
oflugeatent eelld dea padsdell amtiohelessaopmnien dénd héthva pEaHPe
regions of the L19 antibody (Pini, A et _al. J. Biol,
CRERFESSIoPS(estey-Cefly perexslutedga dyvitruselsotieryprdim opépyng 10

( %2@ aR X PhARI meaﬁgéig.g%lggggggﬁﬁgé.%ﬁ Biatet.,mé% éé&ﬁ&c%zith

IS the sane as vecto except that t
v diffeadriteondeaaetyonand viablgh trandfiaited eedld(hg 105 GixoHE apdl 1txHd?

c2 anti - CD20. anti bod ve .been replaced t he
st S Be A e aAeC SRt g es spR Ry et Ghce the
CRioBY hefdl gréRh toth@l%strcgﬁﬁh%h't,zch@ﬁlpkﬁﬁtaﬁté@éﬂe SRiFel BRELISA
grom h factor receptor. The vari able region-encoding

Do sfntibodseproduciioneEkIndt hesdiiveedotsp veare expapded fieshitn hwell

+ it sy do B Bl i B 8 G Bkt Ter TRRE Gy s
PGhHBIATYS ADGEA the fil ahEEBENGeONal PRcGRRE] Mk BOUY ISA

(sequences can be found in_a published patent

appiay cHeingrihizidlastroperatiom end selrctisumpesinron (REvheyi-Up20
° gﬁé@gd%fgexpi‘:ésgﬁg B%ﬁ{ &Iﬂdclgrze (BHK-1502-28) was isolated that produced

13 pg/ml of antibody under the above culture conditions.

Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a GnTIII-fusion

[0219] The clone BHK-1502-28, constitutively expressing anti-CD20
monoclonal antibody genes and the neomycin resistance gene, was transfected
with the pETR1537 expression vector by electroporation. pETR1537 is a vector
for constitutive expression of the ManII-GntIIl gene and a truncated form of
human CD4, the later IRES-dependently expressed. The vector also contains a
puromycin-resistance gene expression cassette. Puromycin-resistant clones were
first selected to obtain a set of clones that had chromosomally integrated the

pETR1537 vector DNA. Clones were then screened for surface expression of



of that patent application for the heavy and |i ght
chai ns, respectively). 2. Construction of
W@0655flusi on expressi on vectors PETRL166. VRCT/B20040000844

constitutive expression of GaTIII [0211] For
construction of the G1TlII expression vector pETR1
166, rat GTIIl was anplified froma rat kidney cDNA

library (Contech) by PCR A Ctermnal c- myc- epi t ope
tag was added i mredi ately upstream of the stop codon
of the gene féam no aci d sequence: PEQKLI-SEEDL) for

| m@atedc‘aﬁée( Iod) whathessrvasrasof m@iEk [for emesmmtleven of the

f th f
S T B S A PR e
W’S&‘u@fo@mﬂﬂ@d smebdazme@mmﬁﬁé@@s% arbELPs
pol yadenyl ati on si gnal was added. e fi n Gn I I I

10220k pr e sBRBHYREIRII53 3 veeior DA maﬁéldeai‘lzsép‘atm{mnﬂ}u%\mwmjoh
" GsHABG SwhR S eé}?ﬁp BorBSCbal k! fLd NS e PR Qe fi”

resi stance gene also u

pTxam‘.feemoraBﬂimcﬁmyt Wwed idetefratibil taftet 24 HoBR By counting cells
aden | on si gnal ETR1425: Repl acenent of the
f‘? ¢ssipg n%‘f%é?talsceblﬁ %ﬁrpf 31l psllstise exprossingOBY FRrfelb

aﬁbﬁﬁt}pfwakh&’ bl"‘%an (ﬁ%ﬂia S%ﬁgll frhnsFO&icHOREHY l‘frcai"s F?T%‘gfw%%/

this Rybrid glycosyltra erase gene Wwas
SRIBER LG r pdWa wepisagal BGRIut@hatt Ii: D015 .1: 300, DﬂGOGf gart:5o00

t t GaTl i f d th
P S R
iﬁ“t&gﬁﬁmi(rhg‘%?egg%ﬁ?? S GRES) BROrRng g hPR el Piones
reeg|visiblg aRERWar wgrienThdyagera ;’xz’lgarﬂlpd ane ﬁdr&ﬂleg %Fit Ctgmcated-
Ll arting at position n a secon
C%;éét(ﬁcﬁi) FRES %’ﬁ'f“fdo?‘éljaf)%exﬁr?%iﬂnp05| tion 229 to 380
[0221]was anplrithd @éeemﬂgfbf&@m eiﬁre%%{o% 16082 é)?ozu ooé%gltl

generating a PCR fragnment with a uni
t WieresvaskeddvisnBA S bafebqnd inonbated prithiSt i ofh@(lamﬁlhu&taﬁ D4
th PCR fragnents were

o RP af et Suieleng U Pa s o fpe R iig Tiches e vt
(r@gusga[@dqii\&sm%w@@ buﬁ*‘é}%na Zﬁﬂyzeﬁh%tﬁ Eﬁ% @%‘% pare

was purified and digested with” Ascl and
REFINBI0 MS‘AHIGSSIG‘IQleWclngtt@D4mSuMatv@(BI@K ISETRRON).

e M oAl PR g o fratieBebaanate

cmraﬂ tifoied 17 D/ Mietdth@E RS ERisarent was added to
PETR1404 as an Ascl (partial digestion) / Pnel ‘

4, Production and purification of unmodified and glycoengineered
antibodies

Harvesting of culture medium

[0222] In the case of BHK cells transfected with an antibody expression vector or
co-transfected with an antibody expression vector plus a GnTIII-fusion
expression vector, the culture supernatant was harvested after culturing the
transfected cells for 96 h post transfection.  Depending on the expected
productivity, several electroporations (10-15) were done for the same vector.

[0223] In the case of HEK293-EBNA cells transfected with an antibody

expression vector or co-transfected with an expression vector plus a GnTIII-



fragment yielding in the plasm d pETR1423. The Sphl /
Bst XI fragnment from pETRL 166, an expression vector

W@ 200a9635g0 t he original rat GnTlIIl gene, was thPEI/IB2004/000844
repl aced by the correspondi ng fragnment of pETR1423
resulting in the plasmd pETR1425 containing the
GTlI-G1Tl I fusion under caontrol of the MPSV pronoter
and a puronycin resi st ance-®assette for selection.
Primer sequences: GAB-177:
GCGT GT'GCCTGT GACCCCCGCGECCCCTGCTCCAGCCACTGTCCCC
GABLODN7ST GHAGTETIC TOEABTARCEEGGRAGSS @ABackdBy fresh culture

TGCTGAAGAAGCAGTCT GAB- 180:
R NSt s ot ke cradg e then

Pl frdRe dina G RNme traffodibteceli8 fOF 4 ﬁlsreg&n 0 %ﬂiw 0 acids
1ds O u

of GnTLIl by the first 100 am no ac man
(0224} nnosterdbestahle Bif1302-284 | colhbine, actitam vak sgHFRI506,000

rfaqr I usly to,the copstruction )

o A R AR RSl G ofGRER e ifrnole sellgensity

genel.7wak)’ aivbld dallehnint thd &8 RaHiRBr oF 6GHB- 252 and

GAB- 253 using the vector pBlue- man as a tenpl ate.

During this PCR a Fsel site and a Kozak consensus

sAgtienaurifiesittond Nt roduced at the 5° end. The resulting

PCR fragnment overlaps the GhTIIl gene starting at

position 229 by 23 bp. In a second PCR reaction a part
[0225pf t heMofodibhdl agEPely( RES i - &l

]\?vi th the prinmers GA _254b%r¥]ﬁéé81 %%\%Bcglggl)e s\'lﬁgié%ﬁgg?h&ﬁggm

r EqBentigh agrephig stepsgndie Grshtstapn conpistedt 8f Hrotein A

0 i . i.dase || n t the 5 end
bl Db o IO CRGn o BFE Bismirasdgionent
vierrearpligGis ITats wasdollswed B a taim e?&ﬁ‘zﬁlge RhAonhdibgrdyHiERep to
wth the pri qers GAB- 252 and GAB-255. The resultin
f‘?"&g?@‘?tth‘?/\ﬁ’énﬂ t8efferde Phospbate putferedgabine/(BR$)t he vect or
PETR1484. After the correct sequence of the insert has
WO 2004/ 065540 PCT/ |1 B2004/ 000844 -80 been confirned
the conplete fusion gene was constructed by |igating
the Fsel | s f PETR1484 with the Stul /
BanHl ?r agn%%&%?%l%ﬂg%w%% in the vector pETR12177
(Fsel / BanHl). The resulting plasm d (pETR1500)
[0226]3232?' dg% s%%%a%?&trﬁgreneangwnat%aﬁyrlelegs%ﬂefrérgecﬁge Ial%ibl\cl)%iels4gy
PNGaseF digestion, with the antibodies being either immobilized on a PVDF

membrane or in solution.

[0227] The resulting digest solution containing the released oligosaccharides
either prepared directly for MALDI/TOF-MS analysis or was further digested
with EndoH glycosidase prior to sample preparation for MALDI/TOF-MS

analysis.

Oligosaccharide release method for PVDF membrane-immobilized antibodies

[0228] The wells of a 96-well plate made with a PVDF (Immobilon P, Millipore,
Bedford, Massachusetts) membrane were wetted with 100 ul methanol and the
liquid was drawn through the PVDF membrane using vacuum applied to the
Multiscreen vacuum manifold (Millipore, Bedford, Massachusetts). The PVDF

membranes were washed three times with 300 pl of water. The wells were then



MPSV pronoter. For selection of the plasmd in
mamal i an cells a puronycin, resistance cassette was

w0 p®enssdo as a Spel fragnment from pETRL 166, yPEr/tB20qt/000844
the plasm d pETR1506. Priner sequences: GAB-252:
GCTAGGCCGGECCGCCACCATGAAGT TAAGCCGCCAGI TCACCGTGTTCGG
GAB- 253:

GGGGACAGT GGCT GGAGCAGRRGT GASCAGCACCT TGGCTGAAATTGCTTTGT
G AACTTTTCGG GAB- 254:
TCCGAA. AAGT TCACAAAGCAAT TTCAGCCAAGGT GCTGGECTCACCCCTGCT

COACKLAGTIEIURC NARDEM BT
pPpETR1519: Conbi nati on of the hybrid manl | - GnTl | |

f Bshweengérd g aibore wap tgsided i d well eenteiningdidi b RGN puffer.

e GABO3R 0 S V ra RE Eh e gD plsbn o e

armé heh®ehne 048 fulbSeqRbASTin@sREERAcd Witk 40 QUREM bRERE:. Mhe

this PCR reaction at both ends of the fragnent Sspl
amedvictofrlof slisubfdevimtidzes asotufoetied Byraddgmmpuensd mg of thiEM
ori P fragnment was inserted into the vector plCl9H.

Afditgjothraiol ip §CM and ssybadineet RAL Badh-confirmed ori P
[0229 S | n%%ﬁl%%ﬂl&%&{h?cggﬁ p% chg r()?;ﬁtaﬁ)gﬂ%c?to Gy &l%td%lothl‘gltol

ETR10 over |l appi ng ends
f isblugien iffom i wigll. Kihernesispodry vesbaehrecTiiaey @ith|300ng water
pl asm d was desi gnated pETR1507., A Sphl [/ Nrul

némqure @rfqnmn%ﬂaep@b@xwtbﬂ@@@t eidhe %@rﬁlmﬂbyaﬁ%ﬁm of

r & st r D] E{/I 1 JibQeetiB g aci gﬁél\fﬁ&?&tﬁ&j 1ﬁ%ﬁﬁloﬁg?r0%g{@mperamre in

Ion en eases dgivin

pEARAG L Jor A0Gn2004/ 065540 PCT/IBZOO4/ 000844 - 81-
Primer sequences: GAB-261:
[02303CT AnATXffer Grathoraesthyiatrer draaceTrecirenacrith agrymg sand

TA%’&I&IW%ET&%%W%WF (e Bne was

then blocked, to prevent adsorption of the endoglycosidase, by incubating 100 ul
of a 1% aqueous solution of polyvinylpyrrolidone 360 at room temperature for 1
hour. The bloqking reagent was then removed by gentle vacuum followed by
three washes with 300 ul water.

[0231] N-linked oligosaccharides were released by addition of 2.5 mU peptide-
N-glycosydase F ( recombinat N-Glycanase, GLYKO, Novato, CA) and 0.1 mU
Sialidase (GLYKO, Novato, CA), to remove any potential charged
monosaccharide residues, in a final volume of 25 ul in 20mM NaHCOs, pH7.0).

Digestion was performed for 3 hours at 37°C.

QOligosaccharide release method for antibodies in solution

[0232] Between 40 and 50 pg of antibody were mixed with 2.5 mU of PNGaseF
(Glyko, U.S.A.) in 2 mM Tris, pH7.0 in a final volume of 25 microliters, and the

mix was incubated for 3 hours at 37°C.

Use of Endoglycosidase H digestion of PNGaseF-released oligosaccharides for
the assiegnment of hybrid bisected oligosaccharide structures to MALDI/TOF-MS
neutral oligosaccharide peaks




pPpETR1537: Conbi nation of the hybrid manl|-GaTl 1|
fusion gene and a truncated CD4 cell-surface marker
w@eea/0pB2L5] The pETRL506expressi on vector wasPODUB004aH0844

for additional expression of a truncated CD4

cell-surface marker gene. Briefly, the hybrid

manl I -GnTI Il fusion gene ex ressi on cassette was

converted from a nonocistro®i-c to a bicistronic

expression cassette by inserting, downstream of the

stop codon of the manll-GrTlIl fusion, a polio virus
[0233] RES e[The®PNGdsel tobassetl ckhgo@aoﬁMe@%&ﬁbuB@qu@ﬂﬂyrd%@t@& Qath

he h cH4 |
S s Bre e L8 T0R 1 Bor Bekntel desetion desnds Fadei
a'('ﬂoﬁ‘?ét Bﬁfﬁ%éﬂdﬁh?’@vef@éﬂb@%& he?N(-ﬁs%? %g&g{ {aﬁﬂb&{y in solution

manmal i an cel svmtthTI usl on-
amatisldybaxptegiveon firat tvoluseTpAAd fratdlnersoinBilie sl b

PR e e
atestiue® BE M difbhRd8e QéreQrfﬂ ﬁur < n@?'séc%ﬁgqﬁdeg i e r | or

to el ectroporation. nvi tT us
CahbyidigesTelegnminngsesmd mGihytmit typa g)ycsmqppzlhelréemcﬁﬁbm tylpe

10,.% fetal..calf s was used. Cells were
cg%}%‘f ggch%{lfi%sr FB@Y@‘E@%@ at i onu 8 x 106 cells were

harvest ed by centrlfugatlon (5 mn, 200 x g) and the
J The ceIIs were resuspended

1 . meaRdSwer e transferred to a
sterile el ectroporatlon cuvette (0.4 cmgap) already

0234515 ' Bh Ropilik ers Gr@ainmfeihe aplessealigosaccharides were
e I Wt
{ RREPLOP AU Blhct ¥ Bl BlY aBhudr of SefFatl B'a ha
p a¢rrestrationpf360 8¢, and verasibseqhbhty pasiee] tixloagi 0. Sﬁﬂ bﬁdah@ﬂ
cells we j iat.el ransferr |nto a
¢ PR Tl g 7R SHothcko B e -0 rofy Sotac
28wz ér 4 iR/ (
at 37% \?\g) 004/ 6%%5%%1%{%&’}% 004 ooaotgglfa pwggluh’%@éﬁﬂj
5 Stzcriangd & F@ﬂ@/el mb&ﬂmi profeins. p@lmzlummbtr&r of the resulting
dj es e .
UQ%E waggpl{lr ans? %ﬁ'lgﬁ%&pﬁﬁg g?}i E)ngeszghl

VAL bOEBHBFRht:N %DMB)@MM 217 .
aﬁtl bodies, the cells vveresco tran@*gg?@gﬂi\%@ﬁr{%egfzs

plibydionybengais 4cid phus PBonly e pretiixymelmytic taogl in 1 ml of

ethanol/10 mM aqueous sodium chloride 1:1 (v/v). The samples were air dried,

0.2 pl ethanol was applied, and the samples were finally allowed to re-crystallize

under air.

MAIDJ/TOF-MS

[0235] The MALDI-TOF mass spectrometer used to acquire the mass spectra
was a Voyager Elite (Perspective Biosystems). The instrument was operated in
the linear configuration, with an acceleration of 20kV and 80 ns delay. External
calibration using oligosaccharide standards was used for mass assignment of the

ions. The spectra from 200 laser shots were summed to obtain the final spectrum.



ot her of fusion GhTlIII polypeptide (SEQ ID NGO 15)

expression, at a ratio of 3:1, respectively.
wae@ambsaed | on of HEK293- EBNA cells [0217] ExporeniB2a04/000844

grow ng HEK293-EBNA cells were transfected by the

cal ci um phosphate nethod. Cells were grown as adherent

nmonol ayer cultures in T flasks using DVEM cul ture

medi um suppl emented wi th 1098+CS, and were

transfected when they were between 50 and 80%

confluent. For the transfection of a T75 flask, 8

m | lionb.cel I BBMErRrepaeatilgrd 24 hours before transfection

in 14 m DVEM cul ture medi um suppl emrented with FCS

0 [ d I
o237 0%l Tkl o0, CJEOHER, 8B SEbLS LS
atmgu?B@Ieelme(STgrﬁﬁltDmEﬁsh@@ﬁb TIH Ifdufi’ss kvib@3Pes UsA (and

transfected, a solution of 2 and wat er
p riePaveg assentialky the mnu@acttmra Ilnsp’uetgms dIn\lmt;f ozren@wblocﬂs@as

o PGSR LR SRR DSl ol P
HEHﬁSte 25011 pvdiaid orddr B 1E[Meb&2th’i5’9@ro‘éﬁ’ﬂa%é bPhatdfal kﬂi‘ﬁ'r cells
7.05 was added, mixed imediately for 10 sec and | eft

t SR hedloady Bhe blpadhpies dituipd:0 G- L with BSTHN containing Ca

T L

plfacd0 piin sifreorxéespdrayre @RE)ivithouThealae The intépRase containing

i ngu at 37 % f or about 17 to, 20 hours,

i %eu‘?ﬁw&&@g evashed it PRS GOl e gslscomptgto
r @adi6hth )

P MO LSO SO e

arf@$ll§pwlceﬂx¢frté§ @ﬁbﬁ wigle PBSs theFBBMGh evepy miund:d anl ohshslie

i bodi t.h ! |
RN BY B a Mt el G ettt sy were
e ﬁhélﬁ&%s@@ndiaﬁdn teeapptdptatcdheditsi f@ﬁth@@iﬁbéehué}@ &)Y&%@Gl’eg e

expression, at a ratio of 4:1, respectively. At day 5
post - transfectlon, super nat ant was harvest ed,
centrifuged for 5 mn at 1200 rpm fol | owed by a
second centrifugation for 10 mn at 4000 rpm and kept
at 4C. O 2094 3HdsaletieCT/ | B2004/ 000844 - 83
Ceneration of a stable manmalian cell |ine expressing

L T e R R S e
procedure using magnetic beads not binding to CD16- and CD56-positive cells
(MACS system from Miltenyi Biotec GmbH, 51429 Bergisch Gladbach, GER).
PBMC were washed once in ice-cold MACS buffer (PBS containing 2% FCS and
2 mM EDTA), resuspended at 20 Mio cells per ml of a 1:1 mixture of FCS and
MACS buffer and incubated for 10 min at 4°C. The cells were then pelleted and
resupended in 80 pl per 10 million cells with MACS buffer containing 10% FCS.
Then 20 ul Hapten-antibody solution per 10 million cells were added. The cells
were incubated for 10 minutes at 4°C with repeated swirling of the tube. After
two washes with MACS buffer in at least 10 x the labelling volume, the cells
were resuspended in MACS buffer containing 10% FCS at 10 million cellé per 80
ul and 20 pl anti-hapten-microbeads per 10 million cells were added. The tube
was incubated for 15 minutes at 4°C with repeated swirling of the tube. After one

wash with MACS buffer the cells were resuspended at up to 100 million cells in



pETR1502 C2B8 anti body-expressi on vector, which
contains a neonycin- resistance gene expression
W@ 283063540 Neonyci n-resi stant cl ones were firSPCT/IB2004/000844
sel ected to obtain a set of clones that had
chronmosomal |y integrated the PpETR1502 vector DNA
Cl ones were then screened for reconbi nant anti body
production using an ELI SA a8%ay. Briefly, 24 hours
post el ectroporation, viable cells were counted and
the transfection efficiency was determ ned by counting

f 150008 86208 begtd a%d ®fadad @xﬁb alTlsal1A CBUBIRA which was placed ina
el ectroporati on done with a pEYFP- expression vector.

CaVIINI-W (€S hiapuet entd ¢quilibreted muth 391l MAIGSd:ruffmdﬁhmwlumn was

e beGian pi YA Rl TaRtsTlh e SR B et e

CQRUBAED ahd @\ﬁ’é‘se?ﬁenﬂy akbe as NraBsifePuBe, £eldismlidedd @@356

5x 102 and 1 x cells per well) and incubate

3 REPLAsEIPR Wek Befavser 88198 “be |dent|f|ed Once the clones
had grown to al nost confluent, the supernatants were
anal ysed by ELI SA for antibody production. ELISA
positive cl ohe&Catgsey expanded first to 24-well and
subsequently to 6-well plates, and then to T25 fl asks.

[023 it er B#B’I?Cd&yﬁKQe{s e t%WéQE @er@? rﬁa&&f%ﬁsg&@edf éb%% The

nti body titer was ermnedu
Usdffegtotr Ino targeit mtﬁonmsdﬁalt armlmmhﬁarsl)éﬂ\é@tand) N@cejlsexéspeeuaely

Céﬁw g;l-CIQ ant i bod gﬁxg ing BHK cel l clone

£5p905 eplls geere JYF h YoEPGé’élHl aj Fhey/ approgyriate

a

Gert‘r???%?’%é%ﬁf@%f%‘*@?&%?@ﬁ#% Wefl T3¢ blin 96 well plates.

a TagarbilsifoniC2B8tanti bR wearetSKOWdy cﬁr]rdhnaalﬁaaBl lyhphousi oells
[021 ne BHK-15 onst i t tively
@pg@gﬁﬁé@ﬁ COBf3IENS d@%@?&& arseh celly Yy SiaghedoiggPBS,

t h@uRRAME rBusRANSE RNARI-9S0%.3 WRBoh P@Hﬁf B&S 1o Wad $0'000

the pETR1537 expression vector by electroporation.

p EEERE 58100 16 par mecdwell. Anvibodienseretdilitodan AXNI- Usa;dded 050 pl
t he Manl | I1l gene and a runc form human
co2,the pre- Hl%t?itarseﬁeg@ﬂoa@g@ﬂawrﬁ fa/br B}@g%aets d Oyaigpis at
al . ARAYR! difeofbr cANAIRY Gdb /R IRIAE R OB AXPOPE RO AT at
cassette. Puromycin-resistant clones were first
sei78Ctind Humified atimoshpese tomhinalgdiie €Q hKillihgdf target cells was

h [y i d th ETR1537
G e Br B SEr et v e LB B e ot Comages
2004 06550 PETLB20M QRS 1ok oBLRG DRtz

ich serves as a nmarker or expressi on evel
of Swi’q@rland) After the 4-hour incubation the plates were centrifuged at 800 x g.

100 pl supernatant from each well was transferred to a new transparent flat
bottom 96 well plate. 100 pl color substrate buffer from the kit were added per
well. The Vmax values of the color reaction were determined in an ELISA reader
at 490 nm for at least 10 min using SOFTmax PRO software (Molecular Devices,
Sunnyvale, CA94089, USA). Spontaneous LDH release was measured from wells
containing only target and effector cells but no antibodies. Maximal release was
determined from wells containing only target cells and 1% Triton X-100.
Percentage of specific antibody-mediated killing was calculated as follows: ((x —

SR)/(MR - SR)*100, where x is the mean of Vmax at a specific antibody



bi cistronic Manl|-GnTI I+t CD4 gene expression unit.

Reconbi nant anti body production of the selected
w@eb@aeesswes verified using an ELI SA assay. [ 0200§/1B2004/000844

Briefly, pETR1537 vector DNA was |inearized with Xml.

A control transfection with a EYFP expression vector

was performed in parallel. _Jransfection efficiency

was determ ned after 24 hod?%’ by counting cells

expressing EYFP over total cells. 58%of all cells

were expressing EYFP. Cell wviability was of 91% One

d &Pneppiration, SRS theangaof Vimix|of therspertheesue thletist nd MR is the

p r|aIIy diluted at 1:100,
E%%b%ﬁ]@%(o%@(gg‘ Wé@g Sdi I utions and seeded in
96-wel |l plates, in a final volume of 0.2nl of
selectlon V|tr 1A)FCS 20 f,9/m
pur orryC| n, ?%ﬁ%gﬁj@ ones were visible
after two weeks. They vvere expanded and screened for
[0239 r unc atfeeshlyCI381afddCRK) cetls prees setrifiped RtMRAIM 200 x g and

Cif 3B LG Dol aris oo TofomaéRost sepec,
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anti - human Becton D I nson
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102401 7,7 s gt B BRGoR0R BESrEalt i 0B S e
wasd |c51¢tieatr@tﬁb1{ BhiKadiated 282 & 10 cel1dbdi 64 PRSI @M% Béf[% 0.01%

growh in a T25 flask, it produced about anti
aﬁ?‘ihlé@d%ﬂ% ax MO galls Weteemcbbat@“’gt@}/(m(} 1,ag3dét Brifi pglehl

4l vaureroE P Ghinall PEoSRLS Weik B Pben e dmmesiaed
magiiboay] Q)Zr?cﬁﬂlg | %ad h@et6Ase W BHbaGRE! Svith ainf(fOeg’;Lﬁ)gesce n

wi.th an antibody expression vector or co-transfecte
witothiagyapsieiconidgaies pr Eédon gewt omnpihusian  1gG  (Jackson
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Dependi ng on t ect ed productivity, severa

eVeBiol sgsrat? 439 2413318740640920one for the sane

ect or HEK293- E ce|ls .
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WO 2004/ 065540 PCT/ |1 B2004/ 000844 -85

10.  FcgammaRIIb binding on Raji lymphoma cells

[0242] Raji B-cell human lymphoma cells were washed 20 min at 37°C in PBS
(concentration 0.3 Mio cells/ml). Cells were then resuspended at 2.22 million
cells/ml in PBS, 0.1% BSA, 0.01% NaNs, and 180 pl added per FACS tube.
Ten-fold antibody dilutions (0, 0.1, 0.3, 1, 3, 10, 30 pg/ml) of L19-unmodified
and L19 glycoengineered monoclonal antibodies were added to the Raji cells and
incubated at 4°C for 30 min (final cells concentration 2 million cells/ml). After
two washes, 1:200 of fluorescein isothiocyanate-conjugated F(ab’), goat anti-
human IgG (Jackson ImmunoReasearch, West Grove, PA) was added to the cells
and incubated at 4°C for 30 min. After one wash, cells were resuspended in 0.5

ml PBS, 0.1% BSA, 0.01% NaNj and the fluorescence intensity referring to the



fusion expression vector, the culture nedi umwas

replaced by fresh culture nedium approxi mately 16
whown®6past -t ransfection and the | ater medi um MEBEIR20000844

harvested after culturing the transfected cells for a

further 120 hours. [0224] For the stable

BHK- 1502-28-11 cell line, a culture was seeded at

500, 000 cells/nm and superf&tant harvested after 4

days of culture when the cell density was 1.7 x 106

viable cells/mM and the cell viability of 69%

Arhorubd) atytitody ivériiadd wanddi@Rizidd MATFUt SOAIbuABD BRAYeNRSSan
ure super nat ant usi ng two

[ rom cul
pé& ﬁﬁgégr%WF%ﬁﬁngraphlc steps. The first step
consi sted of Protein A chromatography using a
pH gradient elution that effectively separates bovine
and  huran 1Gmplempantgeperdenityiteariditvpssay cat i on
exchange chromat ographic step to exchange the sanple
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P,3-folld tvith¥TBI-V ﬂﬁo&d@e@l in wﬁsmhel sellt SAS FeAREANG élﬁent
metted with 100 met hanol and the 1iquid was

t KPEGEHVER é\eﬁ%ﬁ)rrﬁ@rmw 868 b@\fgremtdum taid assay.t o t he

[t 0 for
O s o e BTl ed Mo L BOTR, R oots awes
t idgtesminied lby31(i)¢£hs1l1rm:g‘ Lbat eleasdl IBriefs] the pMaeeweReRn@uoed at
/065540 PCT/ | B2004/ 000844 - 86 washed with 50 T
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corresponding with LDH concentration in the supernatant. Maximal release was

determined by incubating the cells in presence of 1% Trition X-100.

Results and Discussion

[0245] Glycoengineered versions of an anti-CD20 chimeric IgG1 antibody
(C2B8 chimeric antibody, also known as rituximab) were produced by co-
transfecting cultures of mammalian cells with vectors for expression of antibody
genes and with vectors for expression of genes encoding various polypeptides
with GnTHI activity. Anunmodified (non-glycoengineered) version of the same
antibody was produced by transfecting mammalian cells only with the vector for
antibody gene expression. The transfected cells were kept in culture for at least
three days and the secreted, recombinant antibodies were purified from the

culture medium by Protein A affinity chromatography. Expression of genes



t he nenbrane was subsequently washed twice with 50

RCM buffer. The reduction of disulfide bridges was
w@esosised by addition of 50 | of O 1M dithi op¢iFr/EB2061/000844

in RCM and incubation at 37C for 1 h. [0229] Foll ow ng

reduction, a vacuumwas applied to renove the

dithiothreitol solution fromthe well. The wells were

washed three times with 3092 water before performng

t he carboxynet hyl ati on of the cysteine residues by

addition of 50 10.1Miodoacetic acid in RCM buffer

aeﬁboid AdétwiltOGRTINRFE it ARt hdVe ahiSighl@itknt bFect 3R
30] After carboxynethylation, the wells were

|
d p@m ailit celh Exayyih anentibstinBrduelian, yelsiduste gelismobarodneing
gp ter. The PVDF nenbrane was then bl ocked,
to prev np adsorption of the endogl ycosi dase, by

[0246] ncubatIlhB oputd| antibbdias Wéragheo usalyedditarotheir glycosylation
of pol yvi n Iprrolldone 360_at roomtenperature for

hBﬁﬁtemSFh 5%60%119 bagics @&@gm ligeed 9%&?6@%@@&%@%@&@0
E’g%g%ﬁ k{%?du%vﬁdthgﬂlmﬁalﬂr i 3@@01‘{"' e300 saéﬁ@&ﬁc{/es were
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25 | in 20mM NaHCO3, pH7.0). ~ Digestion was perforned

f @ngglah&mhgcaﬁc@me Imnu@@gmﬁafrls gleo pedsibdste asrgrivomictioss

o WS AL LOBIE S R B
UISO@9§>9)I)n 2 nMTris, pH7.0 in a final volune of 25

croliters, and the mx was incubated for 3 hours
[0247370 uSecuwse 1 Eshaws Ity paitehsbeesasihgade MALBI/TOF-MS proﬁles

chTo O e Rang Cha PaRRCIIA ikasl dho e8I
. 0. PCT) | B2004/ 000844 87 [ 02331 The PNGager
ré’ﬁgfé*sléag &lws%é@éﬁigpw&%%cqx@ﬁ@%aﬁb %qr yhedegeapieepdy
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digestion, 15 nU of” EndoH (Roc Swtze
adaddIlt a@tlvi’m NGB idifygst Z(mmltstfmiy thenuseodflrt mmhem acid

encoding wild-type GnTII expressed from vector pETR1166. The profile in

Figure 3 results from the use of a nucleic acid encoding a fusion polypeptide
comprising at the N-terminus the localization domain of GnTI fused to the C-
terminal catalytic domain of GnTIII. This fusion gene was expressed from vector
pETR1425. The profile in Figure 4 results from the use of a nucleic acid
encoding a fusion polypeptide comprising at the N-terminus the localization
domain of Golgi a-mannosidasell (Manll) fused to the catalytic domain of
GnTIII. This fusion gene was expressed from vector pETR1506.

[0248] The unmodified antibody has a typical oligosaccharide profile (Fig. 1),
with peaks at m/z ratios of 1485, 1648 and 1810 being consistent with
biantennary, core-fucosylated, complex oligosaccharides with 0, 1- and 2-
galactose residues, respectively. Similar profiles are found for the Fc-region
oligosaccharides of non-engineered IgG1 antibodies produced in other standard

mammalian, industrial cell lines such as CHO and mouse myeloma cells (Lifely,



met hod above) to give a final volunme of 30

mcroliters, and the mx was incubated for 3 hours at
WQ72@04/0855doH cl eaves between the N-acetyl gl ucosBOT/IR2004/000844

resi dues of the chitobiose core of N-I|inked

ol i gosacchari des. The enzynme can only digest

ol i gomai nose and nost hybrid type gl ycans, whereas

conpl ex type oligosacchari-®s are not hydrol yzed.

Sanpl e preparation for MALDI/ TOF- M5 [ 0234] The

enzymati c digests containing the rel eased
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Therefore blocking action of Manll by addition of the bisecting GlcNAc also

effectively blocks GnT1Il, since GnTII acts downstream of Manll in the N-linked
oligosaccharide biosynthetic pathway. The peaks at m/z 1664 and 1826 are non-
fucosylated, whereas the peaks at m/z 1810 and 1973 are fucosylated. EndoH
glycosidase digestion, which can distinguish between hybrid and complex
oligosaccharides (Fig. 8A), was used to confirm that the increase in these peaks is
due to an increase in the proportion of Fc-attached bisected, non-fucosylated and
bisected, hybrid oligosaccharides (see below).

[0249] In contrast to the other GnTIII activity-encoding nucleic acids used here,
engineering of the antibody-producing cells by expression of a nucleic acid
encoding a ManII-GnTIII fusion polypeptide (SEQ ID NO:14), where the GnTTII
catalytic domain is localized via the Manll Golgi localization domain, leads

mainly to bisected, non-fucosylated and bisected, hybrid structures (note peaks at



m nute at full power in order to increase the

percentage of natural killer cells (NK) in the bl ood.
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oligosaccharide profiles of the unmodified antibody expressed in BHK cells or at
higher levels in HEK293-EBNA cells). Engineering the antibody producing cells
with the nucleic acid encoding the ManII-GnTTII fusion expressed at higher
levels in this system led to the production of antibodies where the majority of the
Fc-oligosaccharides were bisected, non-fucosylated (see Figure 6, where
bisected, non-ficosylated hybrid oligosaccharide peaks at m/z 1664 and 1826
together constitute over 90% of the total oligosaccharides).

[0251] As mentioned above, endoglycosidase H (EndoH) was used to confirm
the assignment of bisected non-fucosylated and bisected, hybrid structures to the
different oligosaccharide peaks observed in the MALDI profiles. The
MALDVTOF-MS neutral oligosaccharide profiles of PNGaseF- and of



8. ADCC Assay [0238] PBMC or NK as effector cells were
prepared as descri bed above. The effector to target
WO 2004063886 25: 1 and 10:1 for PBMC and NK cell SPCT/IB2004/000844
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disappearance of the peak after EndoH digestion demonstrates that this peakisa
fucosylated hybrid bisected structure. The removal of one GlcNAc and one
fucose residue generates a structure of m/z 1298. The peak at m/z 1826, a non-
fucosylated hybrid bisected type, was digested by EndoH. This generated a
structure with m/z 1622. The peak at m/z 1053 after EndoH digestion can be
assigned to the high mannose type (1257 m/z), digested by EndoH. The peak at
m/z 1689 (complex bisected) was not affected by EndoH digestion, as expected.
In synthesis, from the data obtained in Table 1, we conclude that 88% of the
oligosaccharide structures carry a bisecting GleNAc, 60% of which are non-
fucosylated hybrid bisected structures, 22% fucosylated hybrid bisected and 6%

fucosylated complex bisected oligosaccharide structures.



pH 3.9), by incubating 3 x 105 cells/m at room
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1851 |[Fuc. complex 3 1851 1851 2 Fuc. complex
bisected bisected

(3%)

1972 [Fuc. hybrid 3 1622 1622 7 Fuc. hybrid
bisected bisected (3%)
Mass balances (in mol fraction in %):

a) Peaks at m/z 1502 and 1647: 7 + 7% = 14% (expected). EndoH digestion for both
peaks generates m/z 1298 (obtained 13% after EndoH)

b) Peaks at m/z 1664 and 1810: 49 + 13 % = 62%. EndoH generates m/z 1460 (obtained

60%)
c) Peaks at m/z 1826 and 1972: 4+ 3% = 7%. EndoH generates m/z 1622 (7%)
Summary. Total relative percentage of structures
bearing a bisecting GicNAc: 88%
Non-fucosylated hybrid bisected: 60%
Fucosylated hybrid bisected: 22%

Fucosylated complex bisected: 6%



bottom 96 wel|l plate. Antibody dilutions were prepared
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by quantitative immunoelectron microscopy (Rabouille, C. et al. J. Cell Sci.

108:1617-27 (1995)). Both enzymes co-distribute along the Golgi, being

localized mainly in the medial and trans cisternae of the Golgi stack, with a

higher levels in the medial relative to the trans cisternae. The fine quantitative
spatial distributions of core a1,6-fucosyltransferase, GnTII and wild-type GnTIII
have not yet been determined. The above however does not explain why the
ManlI-GnTIII fusion is significantly more efficient than the GnTI-GnTII fusion
for the synthesis of bisected, hybrid and bisected, non-fucosylated
oligosaccharides, since both GnTI and ManlI have identical spatial distributions
along the Golgi subcompartments.

[0256] The higher efficiency of the ManII-GnTIII fusion indicates the existence

of relatively organized functional glycosylation reaction subcompartments within
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producing cells by expression of wld-type
| dhgdesdias i ullhvesafeapposits eharge to those of ManII We have

identified similar residues at equivalent positions of the stem regions of the other

Golgi glycosylation enzymes involved in this part of the N-linked oligosaccharide
biosynthetic pathway, namely core al,6-fucosyltransferase (same charges as
GnTI instead of complementary charges as in the case of ManlIl), Manl and
GnTII. We have also identified that these residues are conserved across species.
Although it has been suggested that these residues are not essential for
incorporation into the high molecular weight complexes formed by the enzymes
or even for Golgi localization (Opat, A.S. et al. J. Biol. Chem. 275(16):11836-45
(2000)), it is possible that they are involved in a finer pairing of the catalytic
domains during oligosaccharide biosynthesis. Such pairing does not need to be

irreversible, but can be mediated by transient, dynamic interactions between the
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t he proportion of Fc-attached bisected, ) _

nmﬁogh@@éﬁlﬁlgéﬁ@dﬂ&wredoﬁl@@@ﬁ)é@ﬁedﬁ@lﬁhﬁ? ADSIG gpsaveidhaiedes
(s > [0249] In contrast to the other G1TlI

éﬁgvggéﬁg%gbding nucl ei ¢ aci ds used here,

[02599ngi neerip g shbwk et agiredsiyof pradutingt pellyb&ptidy with GnTIII
expr.ession of a nucleic. acid encoding a Manll-GTl1|I
f SHBy gt losadized tpdhe Splgl vi adanlh Gyl {geakization domaini¢ads to
c ! oo h i Nanl Lai ‘
A B el L e Rt PR R G llypeptide
nonith icosy GaTHt Galyl ldvaBmtibe dpmhmbFhedbligbsagclianide profitodfehe

PEABR gl o 2heersd by expression of M-8 GHITIT and used for the

ADCC assay of Figure 11, is shown in Fig. 2. The oligosaccharide profile of the
glycoengineered by expression of the fusion polypeptide with GnTIII activity,
localized to the Golgi via the Manll localization domain, and used for the ADCC
assay of Figure 11, is shown in Fig. 4. These data also show that antibodies with
bisected oligosaccharides, including bisected, hybrid and bisected, non-
fucosylated oligosaccharides, have increased ADCC activity compared to
antibodies with complex, fucosylated, non-bisected oligosaccharides. It should

be noted that all of the bisected oligosaccharides of the more active antibody used



-94 mz 1664 1810, 1826 and 1973 in Fig. 4).
Therefore, relative to the wild-type GTlIIl and to

W b@4/@sBe GnTI 11 fusion (SEQ I D NOS: 12 and 13) PCT/IB2004/000844
Manl 1 - GTlll fusion was nore efficient in the
synthesis of Fc-attached bisected, non- fucosyl ated
and bi sected, hybrid ollgosaccharldes (conpare the
proportions of peaks wthlfA¥z of 1664 and 1810
relative to the total between Figs. 2, 3 and 4). The
proportions of the bisected, non- fucosylated
Fén ofhk 9 0$A0C hassd Jdecﬁ" FesUllbi B@ bideor! hvneuguiseRsddomybfid
the nucleic acids encodi ng w | d- type GaTlll, the G1Tl-
eqiﬁmaccfhagﬂ@ﬁq Aéﬁ@emlﬁéewmonébrwqelofﬁhrsﬁléwn\wh@epﬂde with
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u ltltmdbfel cffﬁm(emmnthemg iofi ﬂ&rmﬂa}ﬁ;aoﬁyﬂdmﬂ Viseft8@ pliposaccharides,
I ncreasing. the exprﬁp5|on the Nanll-GnTll | fu5|on

c B8R Fiaudd Shows that antibodiss axjthipergaser Agy ekt Resedisectsd, non-
|
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apfh Barecon o wifbiciontnstcnghidsa Shgqac dar L AGfRvithin
eXlﬂHlQﬁé?sls@éiat%& §ﬁgﬁh¢&lanwwméﬂénl fdare itk ied BY §det v@fen
expreSS|on and was al so used for expression of th

afitip G@O@éh@etﬂ@mlﬁébi%ﬁ pETR1520. The
[0260?' | gosaeehans s ég‘;{g 5,1'1 %k@% {&20)? 6§1§oxlt£n %%tdlah&’gﬁgAﬁ&d

on- gl'ycoengi n g

| hesesscdlR cafrfiod thyis b@ifadeths Aotwatihg Fepgtime récepwﬁnlm also
a%ﬁln shows t he typlcal ol i gosacchari de Proflle W th
&

onnsethiga. Bindbgaishele @Igw@o%fébemqw B@w&mﬁm#ﬁ@
0
oy FeBifmariae rAEbQRCo] St BT, (lieliql SOORAIRIHAME mise

t Ineceptam) dn flieeNKarelli anddybeeqpesssdattion oBHK)(E@J |1§16mf013tlt is
her | evel s H 3- EB cells t he
Hr‘?lPB%%R} BP&&‘H@P ﬁ@eEgZI@SF@ ol gu W@%LRIP Sj’é’ i€ methods
e"(‘i‘éE@ib@Q h%fbeto '\I%r}le&ep(t%}gl ih c})afrt'i@ﬂé%r’ro ?g&f)%?§§fjth@tnaﬁb<9ﬁﬁ'ﬁ1 in

levels in this systemled to the production of
arwhldo’dxeémnmnemmumh @ffnqpncqllsyhspﬂaytthgn Figure 12 demonstrates
| igosacchar.i ect e non- f.ucosyl.at ed
(o SRS AERR TN WoREG R SRNRbET R U Rhdbedy
0|pn§kﬁﬁ:ﬁfg0&balrs ioffe RRBKS adlll oitEdiddadusital pdBRptidcOgRh RITIII

constitute over 90% of the total oligosaccharides).

[ @2511}y hgveméﬁteia@ﬁﬁlelan%é\pe’ﬁn%a%@eymaru adiating Edesgptor
haeHREARAP AY ko BSnB0S I IFADCR P T apiibodis

have mcreased levels of blsected, non-fucosylated oligosaccharides that result

from the expression in the antibody-producing cells of the fusion polypeptide
with GnTIII activity. The NK cells used in this assay were from a donor of a
genotype that does not express the FcgammaRIlIc receptor on their NK cells
(Metes, D. et al. J. Immunol. Methods 258(1-2):85-95 (2001)). Therefore the
only Fc receptor on the surface of these cells is the activating FcgammaRITIA
receptor. Fig. 13 shows that the binding assay measures specific binding affinity
to this receptor. This is shown by competition with a FcgammaRIII-specific

blocking antibody fragment (3G8 Fab2-fragment).



di fferent oligosaccharide peaks observed in the MALD
profiles. The MALDI/TOF- MS neutral oligosaccharide
w@e@iiobisg0 of PNGaseF- and of WD 2004/ 065540  PCT/IB2004/000844
PCT/ 1 B2004/ 000844 -95 PNGaseF+EndoH di gested gl ycans
derived froman anti-CD20 chinmeric 1gGL anti body,
produced by HEK293 cells gl ycoengi neered by GTl I (M)
over expressi on, are shown 4lQlFigure 7. The peak at m z
1664 can be assigned to two different glycans, nanely
non-fucosyl ated hybri d-bi sected or non- fucosyl ated

[0261¢ 0Pl eStrogg RvideSRCSaHe PRt AF bhlRmesH FéFER%t‘éfa%ﬁo?“&Whe
z e

t he sane rati o due to the same nonosacchari

c oHfsosietdf gnti¢tringy petitg@y thragpseimeshizoni the serrddatiart, found in
P eF-rel.eased gl.vcans.w.th Endoal.ycosi dase ,H

o OVBPIGRA PaE AR ot v kil betoysen Scesy and g Homagygous
S i gHe L A9 CHatnnd GO AL Beceptdh Gehdtypei(€arlh; GTE al. Blood
di fference corresponds to the mass of a GIcNAc

r 88(1ife4-8 R90Zpntlbimwas Rssingle parametes dommst toloaslate with a
# ( o .

o IR0 4 B0 RERIRE 8 ng pLAGIE) o TR Rt

naespbuseos Ydaataed effichey dhetto ealtinedd FyganraiRBIA-Fc interactions

co B U5 RGRER A eoh e bR R b e es,

9liYGadag natftal %y é&épée11§,fxﬁ&&%ﬁ§g%t&gghe@ﬁ&§ £1 dgﬁ&tﬁe&hs.

di sappeared so the structure assigned to the
f Wrossyibking of thelactivaitibg EegatmmehRIYAa ccephe oa INK ecdls frimamopdibges

GLcNA f f. ] -1, 6
7 de0 gy heae HPdatin ay el aAREAPRE G5 el ave te
f E{)@ﬁlﬁé PR -T7end 8 &imia !fn&ﬁﬂﬁirﬁﬁﬁﬁv@)(%&aﬂb&?éyytmp& dll Semin.
1460. At mz 1502, |sa§)pear_ance of this peak b

EfesHH. b Stpph 2)21% KR o5 migserel 8 i dbpdMedn 495 EHE1-3

f . ty i h
BB RIS o AR el S pRERASH Mol
bia$.gceduliol pEs1(AE3026B32LBHR), Relte M.Ei sriipedd, a0 & ir®Hey Uieo!
peak after EndoH di gestion denonstrates that this peak
[

Segpatel tYd )PP e@0RY D epdtasyiakircgaleaseinbe oty ph Blmoe cells
r ?@Ql\é% WiE Qg e D‘V'}‘r‘mrﬁﬂg{‘r? 2:@9&%38?#%%6 132 gggsgetcytnq}dznes can

generat’es a structure o
182 Gy deaddn dirbeteysydiat effedtyd tuthdricsBs; t@ anti-yipso gamise ffects

di gest ed .by EndoH. Thi.s generated_.a structure with
ek St rERao Biovdh iy SEPRGREL Pl BryEhatr HTetE: g to

Canhifed ARRorINE S ReddifutiBh Mp BT 26 VeVIREe] (R e Mtiune
di gested by EndoH. The peak at mz 1689 (conplex
birswwonsagamss tunr celfs BendmtidgellFagarhadildesaritigan peesentation
©XB el‘:-tc:cg“lijs', and cross-linking of FcgammaRIIIA on their surface (e.g., from
antibody-bound, dying tumor cells initially attacked in vivo via ADCC) can lead
to enhanced dendritic cell maturation, antigen uptake and presentation to T-cells,
and cross-priming of cytotoxic T-cells, the later being a potentially very efficient
mechanism to activate anti-tumor immunity (Amigorena S., J. Exp. Med.
195(1):F1-3 (2002), Kalergis, A.M. and Ravetch, J.V. J Exp. Med.
195(12):1653-1659(2002), Selenko, N. e. al. J. Clin. Immunol. 22(3):124-
130(2002)). Cross-linking of target-cell bound antibodies by Fc receptors on
immune effector cells can also lead to increased direct killing of the target cells,

for example via apoptosis induced by antibody-mediated cross-linking of the

target-antigen molecules (Reff, M.E. and Heard, C. Crit Rev Oncol Hematol.



In synthesis, fromthe data obtained in Table 1, we
concl ude that 88% of the oligosaccharide structures
W@ 200096384hi secti ng GLcNAc, 60% of which are nOPET/IB2004/000844
fucosyl ated hybrid bisected structures, 22%
fucosyl ated hybrid bisected and 6% fucosyl ated
conpl ex bisected oligosaccharide structures. WO
2004/ 065540 PCT/ |1 B2004/ 000842- -96- Table 1.
A i gosacchari de assignnments m z Possible Relative%
Expected Cbserved Rel ative/ Assignment structures

b r o H
2oUR LT ChagMEnaR aLm ity cRosptoran

( ugpe innBoze Qﬁfﬂqtoff aells, hkbeeild amnqg@@e&s pnmavamg\ingammlls

ﬁ%l}egr)g?fr ;“e uo{heﬁé'BFﬁ %fc7 15_[ G eg}la{t %gg%gmg}gjéﬁs present

h Yotett@ds wlilh sechelitdEA cambiReEbireckplof Xnd iduchivs of SANRING
1664 Non-fuc. hybrid 49 1460 or 1460 60 Non-fuc.

h§3ffﬁ¢t@|r fupetins resglipfromequsitivp palarqesd theagtyatingeneripibitory

@ 1689 Fuc. conplex 3 1689 1689 5 Fuc. conpl ex
bisected bisected (3% 1810 Fuc. hybrid 15 1460 or

[02621460 6@idmels dhphusiticht the is@eised Fbreeegtvebindihg ¥ selativd Bi the

NAFYEE TisghiPT cpraperish UHBB LHOROIEH et R Sigh selectviyis
important for effector functions carried out by immune cells other than NK cells,
as explained above. Moreover, the increases in binding achieved by
glycoengineering the Fc antibody region, using the methods described here, are
far greater than those observed naturally for the homozygous higher-affinity
FcgammaRIITA genotype patients/donors receiving standard, unmodified
antibody (Fig. 16) and that have already been associated with increased efficacy
of anti-cancer antibodies (Cartron, G. et al. Blood 99(3):754-8 (2002)).

[0263] The binding domain of the activating FcgammaRITIIB receptor is almost
1dentical to that of the FcgammaRIIIA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to increased effector
functions mediated by effector cells displaying the FecgammaRIIIB, such as
polymorphonuclear (PMN) cells, including release of toxic products and
phagocytosis ((Reff, M.E. and Heard, C. Crit Rev Oncol Hematol. 40(1):25-35
(2001), Daeron, FM. Annu. Rev. Immunol. 15:203-34 (1997), Ravetch, J.V. and
Bolland S. Annu. Rev. Immunol. 19:275-90 (2001)).

[0264] Figure 18 shows the oligosaccharide profile of an anti-CD20 antibody
produced from BHK cells growing in suspension and engineered for constitutive,
high-level expression of both the recombinant antibody and a fusion polypeptide
with GnTII activity. The oligosaccharide profile shows increased levels of
bisected non-fucosylated and bisected hybrid oligosaccharides for the antibody
from the cells engineered with the fusion GnTIII (see Table 2 also). These
structures are not found in non-glycoengineered antibodies produced by non-

glycoengineered BHK cells (see Fig. 1). The engineered cells expressing the



bi sected bisected (4% 1851 Fuc.
bi sect ed bi sect ed

Fuc.

conpl ex
w@28a8551622 7 Fuc.

Mass bal ances (in no

1502 and 1647:
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EndoH generates mz 1460 (obtained 60%
EndoH

genétatfesom exhibd2@ rofhth]l ghwiiaiy sushersidn bed alool Eantibody
p@&ﬁe‘%at%e of structures bearing a bisecting GLcNAc:
8B ROAYF ucosyl at ed hybrid bisected: 60% Fucosyl ated
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et the GTlII

the particular localization domain that
catalytic domain to the
i nfl uence the conpetition for G1Tl-nodified
osacchari de substrates between the reconbi nant

¢ R-Reladygpereenthgnnpiitha pdakstdbipimmidnoeidd B/ TOF-MS.

al, 6- f ucosyttransferase—(vartHr—anrd—GrH+—enzynes.
Hi gher expfession of TL11 fa it inthik
conpet i ti op—eadi-ng %%(%L ﬁ{?fﬁm’%per‘???taﬁ‘? sect ed,
hybri d and| bi sected, | non-fucosyl ated ol i gosacchari des
and to a oncoftant r tioh of the% evel of
bi sect ed cpnpl ex and| bi sect ed, [fucosyl at ed
ol i gosacchprided Thls wh46al sp not k8 Pr evi ousl y for
the wild type G1TlIll| (Umana, P. et al., Nature
Bi ot echnol |__17:376-1B0(1989)). | Yet, 6% spite| of
leading tp simlar pverall |eyels of bisected
ol i gosacchari de$, |ofalikéedg the GIdy catpl ytic
domain vial the GhTl pr via the{ManlT Tocalization
domains led to sore 1680 2.5%

6 1689 4.8 %

7 1705 3 %

8 1810 27.8 %

9 1826 10 %

10 1851 7.5 %

11 1972 9%

12 2012 1.75 %

[0266]

Total bisected: 88.6% (4+5+6+7+8+9+10+11+12)

Total non-fucosylated bisected: 37.8% (4+5+7+9)

Total fucosylated bisected: 50.8% (6+8+10+11+12)
Complex bisected: 17% (6+7+10+12)
Hybrid bisected: 71.6% (4+5+8+9+11)

The oligosaccharide analysis showed that 88.6% of the structures carry a

bisecting GlcNAc residue, 50.8% are fucosylated and 37.8 % are non-

fucosylated. The digestion of the PNGaseF-released oligosaccharide with



effective conpetition, relative to the wld-type
GTIIl, for the GnTl-nodified oligosaccharide
W@ aiseHies agai nst the endogenous core PCT/IB2004/000844
al ,6-fucosyltransferase, Manll and G1TI| enzynes.
[ 0255] The higher efficiency of the GTl-GnTllI
fusion, conpared to mﬁld-tyge‘ GTiIl, for the
synthesi s of bisected, hybdV# and bi sected,
non- fucosyl ated oligosaccharides can be expl ai ned by
an earlier CGolgi distribution, in the cis-to- trans
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bi sected, hybrid and Blsected, non- f ucosyl at ed

olingernignimg theiiisionGmidd gsoe fp ‘GiTlyeaengipgered pradection cell

i i cal s | | i ' the Gol g .
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" peydplaimeBoingidiatady lysis y(CML)p ra difizyame ffectGn Tinction That iansht

CHINTI et e ——
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of these conpl exes,” this wou e the same f .
Ghrpsylatad typre RedrdedGRVAL potivityi wass obsexyndefsitbis antif CDhe@

r ' l-GnTl L. fusign did n ead to .. .

B SRRk B R bmuliss AEheSFienehy 56 s natiogines
t antébogies Xtitincihgd ADC@YHut tath le@u ey VB ShSy B desirable, for
Fc- ol i gosaccharjdes, since all GTlIII constructs used

hefannlgtp reducs sifigjedfertsysueh axi@scuditis fotba blaed vessels atdhsé fagror
nﬁ?ei, Meﬁ%téﬁ%lpm. SAnn s&Hﬂic%}El\l/IL-rﬁ&ﬂ&tteh Q8 effects have been
observed for anti-CD20 antibody therapy (van der Kolk L.E. ef al. Br J
Haematol. 115(4):807-11 (2001)). However, the oligosaccharide profiles above

also show that is also possible to engineer the antibody producing cells to express
the GnTIII fusion polypeptide at an intermediate expression level that leads to
intermediate levels of bisected hybrid non-fucosylated oligosaccharides (higher
than 15%), but with a significant fraction of complex oligosaccharides within the
Fe oligosaccharide population of the glycoengineered antibody. Such complex
oligosaccharides ‘are associated with normal, not reduced, levels of CML.

Therefore the data indicates that antibodies with increased ADCC can be
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GnTl  and the reconbi nant Manll-GTl 1 fusion.
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reactions in a biosynthetic pathway, in a way that
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such product away fromthe enzynmes, is known to occur
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any contribution to a specific GnTlI-Manll parking
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[0269] Autoimmune thrombocytopenia in chronic graft-versus-host disease
represents an instance of B-cell dysregulation leading to clinical disease. To treat
immune-mediated thrombocytopenia in a subject with chronic graft-versus-host
disease, an anti-CD20 chimeric monoclonal antibody prepared by the methods of
the present invention and having increased ADCC is administered to the subject
as described in Ratanatharathorn, V. et al., Ann. Intern. Med. 133(4):275-79
(2000) (the entire contents of which is hereby incorporated by reference).
Specifically, a weekly infusion of the antibody, 375 mg/m? is administered to the
subject for 4 weeks. The antibody therapy produces a marked depletion of B

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



cells of a nucleic acid encoding a pol ypeptide wth
GnTlIl activity that is localized to the Golgi via

waoledoftosssmié | ocal i zati on domai ns. | ncreased ADQRCT/IB2004/000844

resulting from expression of reconbi nant pol ypeptide
with GiTl11 activity and localized to the Golgi via
the G1Tl Golgi localization domain is shown in Fig. 9.
The ol i gosaccharide profil-80@f the control antibody
used.for the ADCC assay of Figure 9 is shown in Fig.
1. The oligosaccharide profile of the glycoengi neered
antibody used for the ADCENEISAYy of Figure 9 is shown
in Fi 3. Increased ADCC resulting from expression
of r ebEABIcHhAk SeysTey perdisgiated, Bymg Red Calé Aplasiayangng
| ocal i zed to the Gol gHewiolytia Agleygasi dase, Manll, Golg
| ocalization domain is shown in Fig. 10. The
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fqor the ADCC assay . of Figure 10 is shown in Fig

THisoRler %gmlbfaas?wtedpw ?tbero%utelﬁan@}eymﬂ@ieﬁaeeﬁ“@otmat

Iy i
< PamaR e R84, By a5 Plath if ool i ;TR0
othimerie combtloaatanpoddyyeptareticb wihe me&oﬂls bf the podsenti mv;enanni

ORI B SeSe] ALTc  RESE e Diethy FETBPFy B 266
t be 438, Bloddher:39d5dot }{/1:@?7%@: IehtlﬂéodoYl&%%t é)id@hlcﬁ" A hbdeBy

own GnTill Golgi localization domain.
omcgma@@dﬂay fedRsenned $peelfmﬁ11Y,WéubJ@n&WblmBBcCA and autoimmune

LBAOERP BRIt RECHGRE pPflonl! 75 YRR ek, e

Fag@iibody thtieppl supsiagehaedihentowih l1ht@a@ﬁoﬁ§"ﬁmnuno globulin is
choengfneered by expression of the
t

o156 e ARG 1oFs Bigeiod dgplotonelh poland esignonnt

Gﬁw{ﬁé&aﬂ&@gam; L@o&fg,r hi @g,uugcgeaggo RiRogi0 glé*%ﬁsf?' f or

These data also shom1that anti bodies with bisected
ol i gosacchari des, |nclug Q@&FL cted hybrid and

bi sected, non- fucosyla 0 |gosacchar|des have

i ncreased ADCC activity conpared to antibodies with
conpl ex, fucosyl ated, non-bi sected ol igosacchari des.
It should be noted that all of the bisected
oMayordsaiyietheds of the nore active antibody used WO
2004/ 065540 PCT/1B2004/000844 -100 in the ADCC assay
of. Fi 9 cohldr it B 85 fllionR:dis0Uliaked hybri d

ol'i gosacchari des. BNt i oned previously, use of the
fusion polypeptide with G1TIIIl activity and |ocalized

¢ rebfd® riFofbiiclift LiFeslBRk Gafical 1 zation domain | eads

[0271] For construction of the GalT expression vector, GalT cDNA is amplified
from a cDNA library (Clontech) by PCR. A C-terminal c-myc-epitope tag is
added immediately upstream of the stop codon of the gene (amino acid sequence:
PEQKLISEEDL) for later, convenient detection of GalT by Western Blots. After
confirmation of the correct sequence of GalT the gene is inserted under control of
the MPSV promoter and a synthetic rabbit beta-globin polyadenylation signal is
added. The final GalT expression vector also contains a separate puromycin

resistance cassette for selection, with the puromycin resistance gene also under



the nore efficient synthesis of the non-fucosyl at ed,

bi sected ol i gosaccharides, and Fig. 11 shows that
w@niothoersises with i ncreased | evel s of these bi SBCT/EER04/000844

non- fucosyl ated ol i gosacchari des are nore active in

ADCC relative to antibodies with |ower |evels of

t hese ol i gosacchari des. Thgl(ﬁ[_)CC activity increases

correlate wth increases inh ‘this bisected,

non- fucosyl ated ol i gosaccharide fraction within the

Fc- associ ated ol i gosacchari de popul ation, and | arge

i HBF eSUUWI apE e VRN Pronmiter fandcsymhetios abljhebeta-ghobin

1 o0, Natural killer (NK) cells are known

tgp(%%di% %otrl(%lgﬁgl%%édi ators of ADCC. These cells carry

on their surface the activating Fcgamma receptor II1A,

tag? éacfégl%f{b uin %.gﬁ? FBCLS’Q_%J@Q?C P({cgltlﬁrjagiﬁlzﬁﬁ,ﬁj%ﬁ{(? al’?fwi%hhtﬁe

r ecep{’ 8F's S%CO%RIch? Irl]°§a 3 18@?8%‘?}“&? the Uy GE[lnki ng of
these receptors on the NK cell and subsequent

[0272]Induct i Tire cohstAREGGH o Hes efeidezaldetds§lirah SRkS i§ Performed,
eval uate the binding of the antibodies produced by the

hotenPle &y veHapiRePER reactiens: sesefiingris the plagmeid cpeaining
t eRICRNB A i ' ch the human .
| e CRTECPAE ol IR e, RISV BRsiCte! 451 LB Bhcin
daavisienqeaissstte foraelegligicoengi neer ed anti bodi es produced
by expression in the anti body producing cells of a
nucl ei c acid encoding a fusion polypeptide with GTI 1|
adidplacemetianfahé amimasall chegdit e addalination dodndif 6f GHITBRIth
aché watrongidsentatieptieocafiggRmivRidit ¢ hhSad BBl RRBE 1T
above for the ADCC assays, these antibodies have

j.ncreased | evel s. of pise , _hon-fucosyl at ed

[027%I i goszljlfh%‘?'qsg‘@%tl%g ﬂ?%ﬁi‘ﬁ? CXPICSHOR &clek pf eseponed. nlhe
t hesuititig PRSMIPERTIMEE B e T Ies! 0 '
L i A i N R SR
we¥BSY psemetedonor of a genotype that does not express
the FcgammaRI | ¢ receptor on their NK cells (Metes, D.
et al. J. Immunol. Mthods 258(1-2):85-95 (2001)).
THeomalfinationt dfehe hyibyd FenHaGadPtfosion gendeith ulid fepicsfon oricin
t loesPefrang [FpsteinsBarheiract i vati ng FcganmaRI || A receptor.
Fig. 13 shows that the binding assay neasures specific
binding affinity to this receptor. This is shown by .
conpetition with a FcganmaR || -specific bl ocking

[02743nt i bodyDiNe gaBmEnt(E@oRR2ubdl 38R s %9@%9@@@‘}&0
PCT/ | B2004/ 000844 -101 [02611 Strong evi dence of the
i AR anii e E axmessurvacior desseibedaoven t he

Combination of the hybrid manlI-GalT fusion gene and a truncated CD4 cell-
surface marker gene

[0275] The expression vector is modified for additional expression of a truncated
CD4 cell-surface marker gene. Briefly, the hybrid manlI-GalT fusion gene
expression cassette is converted from a monocistronic to a bicistronic expression
cassette by inserting, downstream of the stop codon of the manII-GalT fusion, a
polio virus IRES element followed by a cDNA encoding a truncated human CD4

protein (comprising the human CD4 leader sequence for secretion followed by

the transmembrane and extracellular domains).



outconme of anti-tunor anti body therapy cones fromthe
correlation, found in |ynphoma patients receiving

WO 2aoun6Iseb, between efficacy and the honbzygouBCT/IB2004/000844
hi gher-affinity FcganmaRI | | A receptor genotype
(Cartron, G et al. Blood 99(3):754-8 (2002)). This
was the single paraneter found to correlate with a
vastly enhanced objective ridSponse rate and increased
proportion of nolecular responses. |Increased efficacy
due to enhanced FcgammaRI || A-Fc interactions can be

derived fr ormrb;meén@ﬁ%?hﬁﬂﬁna@@ﬁ Eél%%@ﬁtﬁal’iﬂﬁl 'aﬁ&'érztﬁl%ly-

types of |nngg§m§ b&otors! NCl udi ng nat ur al
cell s, macrophages, nonocytes and dendrltlc cells.

CIossllnkln% of the activating FcgammaRI || A receptor
on.y hages and nonocytes can lead to
tunor cell lysis by ADCC (widely believed to be the
rime FcR-dependent killing nmechanismin
[0276}i vo) ( qupgn@ylally)gtgwmg cellls (vBbititp 90-90té phre cAB(rEd Suppdsted

z"é‘@ﬁ% ikt e e 3??8’&9%‘8@@’@}&'\/F£W ¢ gfdduction of

phla@ védginselctiaaabiings, /dells G cortanstbetel
) S 0Se gt Taae) o el Bie cottapsibotei {0 plagmics,

é\'?le M Estibodyexpessgipn ambbf: chQJEfOB@@Q@ (G ] pczimtptube expression,
he vicinity of tunor cells
fgg%ﬁ)eo% iE?QSz)gCﬁ‘/%.h;' Eur. J. I mmunol.
31 3016-3025(2001)). These cytokines can in turn |ead
t ' : ect,s on tunor cells, to
a?%%¥§%%é%%§i%k9§ %Hﬁﬁg' ich inhibit tunor growth by
deprivation of oxygen and nutrients, and to enhanced

CL TR SO TR

DémBkahple 1CBb1 the plroqu@ﬁdifdf@ﬁe él?d’oeﬁ%hé&@&‘arﬁfb%ﬁf%@ URL éeﬁg are
to T-cells, and cross-linkin cgammaRI T A on therr

s &Pft@@éfe%téa ith twpmhsrram,uomécgr é’m@bWb’ expyéssipntandie atbéd of
| ead
e n an c e%ilME% n’{? %ﬁltf(l?ece & eefs e \é%% ST 59%??0&3 %%’uﬁ\f‘ g@?.‘/é Rk

priessfdtimn Gﬂpetmatﬁ'ntCE| lharvesteﬂn %eﬁth@&g,&zdpfdrm AnOdt 1200 rpm,

c T-cel the | ater being a potentlally very
A < e oHbsnMIES T YRS B0 DA ke

(An1gorena S., J. Exp. Med. 195(1):F1-3 (2002),
.M and Ravetch, J.V. J. Exp. Med.
ir 13.8 Eastabde gv(am,an cg}é lia RxpresRinga reggmbigant @hii+;D20
| ﬁﬁﬁa anda@GalT4psion 130(2002) ). Cross-1inki ng of
target- cel | bound anti bodi es by Fc receptors on
nune 1k f r al se
T et Tor1 e, or bhe Earyer R P skl Rs B 20
apmnogbnsl anhlhdyexnésandithé ixodycimdsisttedd geng sQrdnsRkedgith

of, the tar et ant i nol ecul (Reff, ME. and
Hgé GEPressiogy et:tohé)‘y %ﬁ%@po@&;&.t E Vector ‘allows for constitutive

expression of the ManlI-GalT gene and a truncated form of human CD4, the

latter IRES-dependently expressed. The vector also contains a puromycin-
resistance gene expression cassette. Puromycin-resistant clones are first selected
to obtain a set of clones that chromosomally integrated the vector DNA. Clones
are then screened for surface expression of truncated CD4 (tCD4), which serves
as a marker for expression level of the bicistronic ManII-GalT-HCD4 gene

expression unit. Recombinant antibody production of the selected clones is

verified using an ELISA assay.



WD 2004/ 065540 PCT/ | B2004/ 000844 -102

40(1): 25-35(2001), Cragg, MS. et al. Blood
wam¢®8y351045- 1052 (2003)). O all these i NTTUNBCT/IB2004/000844

effector cells, NK cells al one possess only activating

FcgammaRs on their surface. In the other types of

cells, the activating FcgammaRI || is present together

with the inhibitory Fcganmaf®4 b receptor, and

i nduction of anti-tunor effector functions results

froma positive balance of the activating over

[0279] nhi bi tTedngfectbmna sibsdqlaf redrifpéRCDHa cghesForllba isth®ied
i ncreased Fc receptor binding is selective for the

a&Hh apdepeitped de Egtmpledonpar ed to the inhibitory
FcgammaRI | b. Such selectivity is inportant for
effector functions carried out by inmmune cells other

t han NK- cel Psoductien andpuifinetionlobvuemodiied ané glycoéngineered
i ncreases i mnfhatdisng achi eved by gl ycoengi neering the
Fe anti body region, using the nethods descri bed here,

re f reat 0 observed naturally for .the
102807 oz SRR B e R B B Bt botors
pab-it@nsfedtednithan bitridy eXgresidnvebatod plud ARAT fiiesh expression

anti body (Fig. 16) and that have already been
a¥Ede: HieeH tWicsHPST Rt Ay estadiadigrgultugng R tiansdegiedsells for

by pusERsbhen e Y, o BOLRAGRATENS, g
FelpamopRitidB (i @4 &pdre donesfoakirnmtne viedtent i cal to t hat of

10281] 16 oo Fane (it O JECETGE AR Sala APHGE R Hedtr PHiaedy

h %iéﬁre%h VeRRA of So-IrArRABHA LI SEtQEion VEAGT ﬁl@é"ac'GalT—fusion
medi ated by effector cells displaying the

Feyerasmad® vemor, g bultige nprdiymos perdaed| lwa fregtPMMjure eddsym

i ncl udi n ase of .toxic.pro ts, and .. phagocyt osi s
( AP L T RS pl Ol B PR e RRgr B B SRR s R
4Qftdy) cudtoriad® the(tZ28fkkted PelY @R a fiMifer ADOUouREV. bnmunol .
15:203-34 (1997), Ravetch, J and Bolland S. Annu.

. V.

[0282key. | FARiISStableBHE7R08628& Dheel) line, popbare irsagdedeat 590,000
S [ ide fii anti - CD20
ol s Sl RRRAERR AR B dh Eouihg "
suspensi on and engi neered for constitutive,
high . ression of both the reconbi nant anti body
a %bt &mﬁéﬁo ypeptide wth G1TlIIl activity. The
ol i gosacchari de profile shows increased | evels of

I sect nop-fuc |.at.ed and, bi sected hybrid .

283§ 200 KRS Rrab GRG0 5 o Bfite Bisk S s mpatient pane two

eggjueatile dhrohtato grditid Wedpn PAtdinl A (cBREnatédhshy? adll S@tion

These o
exchange chromatography as described in Example 1.

5. Oligosaccharide Analysis

[0284] Oligosaccharides are enzymatically released from the antibodies by
PNGaseF digestion, with the antibodies being either immobilized on a PVDF
membrane or in solution.

[0285]. The resulting digest solution containing the released oligosaccharides are
either prepared directly for MALDI/TOF-MS analysis or are further digested with
EndoH glycosidase prior to sample preparation for MALDI/TOF-MS analysis.



structures are not found in non-glycoengi neered
anti bodi es produced by non- gl ycoengi neered BHK cells

W@ s®a/0655¢0 1) . The, engineered cells expressi nBCT/E2004D00844

2004/ 065540 PCT/1B2004/000844 -103 GnTlII fusion

exhi bited normal growth in suspension and good

anti body productivity. [0265] The relative

per cent ages of the ollgosack rides of the

gl ycoengi neered nonocl onal antibody produced by the

st abl e BHK-1502-28-11 cell line are presented in
Tabhewligosatelisiride feleage mathiod for PaFantabese-dhmobiizeeakidodies

oot BT b et lobsg manad B8 Solfdsin selsionses camzgout

22353386ribed 19BRard fé% 6 1689 4.8% 7 1705 3% 8 1810
27. S8% 9 1826 10g 10 1851 7.5% 11 1972 9% 12 2012

1.75% Total bisected: 88.6% (4+5+6+7+8+9+10+11+12)

T of EHiob e S ¥AR L i RPN GALES %@‘fééséa %HZQS%LchaL%safor

f Utﬁ@ S Xés@grﬁ%np | 3f Cﬁ@rﬂld bé*a;lzﬁ‘:ﬂf&teza oli fg;é'%tééé gf_:ﬂ g@@tures to
q : .

4 e Rsiochande | arlde anal ysi s
showed that 88.6% of the structures carry a bisecting
[028@1 cNAC ThesPNGese HSlkagdh tailg)sziuahm@eb atee du‘tﬁe@heﬁﬁy Bidést Qvith

sk PaeRetlro Pioeade Rerrieln Brrmole 1

MALDI/TOF-MS

[0287] Samples containing the enzymatic digests containing the released
oligosaccharides are prepared for and subsequently run on a MALDI/TOF mass

spectrometer as described in Example 1.
6. Cell Preparation and Isolation

[0288] Peripheral blood mononuclear cells (PBMC) are prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Louis, MO63178 USA) following
essentially the manufacturer’s instructions and the protocol described in Example
1.

[0289] Human NK cells are isolated from PBMC applying a negative selection

procedure as described in EXample 1.
8. ADCC Assay

[0290] PBMC or NK as effector cells are prepared as described above and
assayed for their ability to mediate cytotoxicity in an Antibody Dependent
Cellular Cytotoxicity (ADCC) Assay as described in Example 1.
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Endogl ycosi daseH denonstrated that nost of the peaks
wo@bioaisrsdo are of the hybrid bisected type (FiBCT/IE2P04/000844

Fig. 20 shows increased binding affinity of the

gl ycoengi neered anti body, produced by the

BHK- 1502-28-11 cell line, to the activating Fe

receptor FcgammaRI I 1 A on hulidrn NK cells. Cell |ines

grow ng in suspension and with constitutive stable

expression of both the anti body genes and the fusion

GnTI 11 ol y peihinBRRINA HiflBa oh XK l:élfs%d%@élﬁmaRHbc})aillrl%}ng

production qfy RAEKAREHLLGep &Nt | bodi es. Usi'ng stan
cell engineegﬁn% %g?%oﬁg,egﬁe gl ycoengi neeri ng can be

i.mpl emented either by introducing the fusion GiTlII
[029Yene i nths bindiag|of| FagammaBAHAI oni figshli éscdated DK celie and the

Of; i duci t he,ant i bod epes jnto.a.cell |ine
o coRet RN P A5 R HRONAEDER delhifa S kbacr b5
" Hxanglly toengi neered production cell line"), or by
i ntroduci ng the anti body and GTlI | fusion genes at

the sane tine. [0267] An anti-CD20 anti body produced

in cel 119. engidigseRenti@petticthoyi @ Licity 83y €ssi on of the
nucl ei c acid encoding a fusion pol ypeptide with GTI 1|

activity and localized to the Golgi via the Mnl
[0293]0cal | Z2rhSIBmERMRh ISRy ERSEiSEy Ak i
1 1$1 ( &) yiastisty %@afe@%rfoﬁﬂ@ﬁ%{ﬁ%%ﬁbody

medi ated lysis , a different "effector

t Khlutipas geeprdingetp dhpmathod deseeibed belptammpde dn | nune
effector cells. The vast nmgjority of the

ol i gosaccharides of this glycoengi neered anti body were
ofRespléeandddisenssiond non- fucosyl ated type. Reduced CML
activity was observed for this anti-CD20 anti body
conpared to the unnodified anti body (Fig. 21). For
[02933onme apisistysaticoemtiedimui Hodirder Wi tdbmionstraga sied IAPRE Suthe
\Mélyen§duc d CML ngy be desLéabL , faor example to .

r SHOREEIT AeERFY Bnedine {obypegtdes YW Fpkli astivily op selh vishity,
vesBehswal of NeitibbdP prodictibn, FRAIAL RO cgﬁsa\g'g!- géoequ]llaﬁlrg such

significant CM.-nedi ated side-effects
oPbPeRiidesor anti- CD20 anti body therapy (van der Kol k

. E. etnal, Br .Haenaatol . 1 4) :.807-11(2001)).
102945, oo oppaied it BRARE Fd Joe'hel Bhisamattoniddrommson
t DAALDS T M asissdaibed troB:eMgi 18 € eUsihb i ARERRARY it is possible
pr03u0|qgacells to eﬁgress the GhTII 1 fusion

pd? $pEpRing dhey fraction; oftdiHpreal eltgoseochradssspenics awidin theaotal,
| i ' vel . hisected hybrid
Bral SR AGIANE g3l B BELP il

bie differént pedisgnithé spmotra {Umaha, M eohl.,ANuleiotechnol. 17:176-

oli harides wthin the Fc oligosaccharide
p&%@ﬁgg%'n of the gl ycoengi neered anti body. Such

[0295¢01P| €X'he unmodified antibody oligosaccharide profile is determined.
Specifically, it is determined if the engineering of the antibody producing cells
by expression of wild-type GalT leads mainly to galactosylated, core-fucosylated,
complex biantennary oligosaccharides. It is also determined if the engineering of
the antibody-producing cells by expression of a nucleic acid encoding a GnTI-
GalT fusion polypeptide, where the GalT catalytic domain is localized via the
GnTT Golgi localization domain, leads mainly to galactosylated complex
biantennary oligosaccharides relative to the wild-type GalT. If galactosylated,
non-fucosylated and galactosylated, hybrid structures are synthesized, these may



ol i gosacchari des are associated with normal, not
reduced, |levels of CM.. Therefore the data indicates
W@ ba@t/06580 bodi es with i ncreased ADCC can be WIPCT/IB2004/000844
2004/ 065540 PCT/ 1 B2004/ 000844 -105 produced in this
way which should maintain very simlar |evels of CM.
activity conpared to non-engi neered anti bodi es.
[0268] A second chineric |gGL anti body, C225, also
known as cetuxi mab, that recognizes the human
epi dermal growth factor receptor (EGFR) was
gl ipede Fgimieraansiition detveen dgeschp@@cqth@e@lymwbranﬁe@sesz@r

S s ac i.de profiles of the un ifie
o esldites, Ot i PRRSRDRM Aol iR el RacthidsSs R T o
V edatdceue Gldded @S 8 a1 BRbtaloely realfien,| @, 6comfmcbNyReiHE REase,
in_cells expressi n%‘[a nucl ei c acid encodi ng a fusion

pdPYlskprngmogidese b{¥Fanfl) aad iGnEL camao lpegeslact odmpdify e

jot A i zation domain. Fig. 23 shows
Fg%a?dggo\ég%teﬁA%L%@%ﬁ%&anti - EGFR anti body resulting
[0296]r om t HEslofl glgamisadigestiog, whith yaodingiduetbetveen hybrid and
ant i bodi es. produced hy the net hods descri bed here, and
haSPPHRge* .C’ilég%ﬂa d m%/:% GVARIRESa ied PEIPRET A oA fhicr #iaghed

t QualifetdsyBkddN Bor-FudoSRLRY IS %al%tgsgrl]zg&g??ygﬁg gl_i g&%@&%&gﬁ.

for antibody therapy of cancer nmune
[029Hi seasebsstssaracerriadegut 4 defeninedd theoerightresag efl the antibody-

ffi lat i . . di.. I fi .
(R cARSsbRann YEF encRC G RECuR A Rt Ty
t heg@eblias, amices the AHIT ch@R ik | dbniain ﬁh@é&li@e@@iaﬁ%ﬂaﬁh%ﬁ@i

reduce the therapeutic doses for the glycoengi neere

anlpfdisaien dogwpar lsads enails tengplattosdeatedn sen-fiznodylatedsand

WO L 14 [ e..econom ¢s ,of, anti bod

oIl Kl SB8TGCANT oK BRRRERA bR o the

ThwiddrbhgeyGapemnidao ithe @nTBGaEFlongiéhiri, ﬁlegm_’aﬁﬂl@alT fusion is more
ut ol nmune

Grﬁai%t,- Ver sus- Host Di sease | ]

t HBRBUc Bigetnthesis of dicoiaehegy galectosyiated nepdhicasylatadsend
r ' . B-cell dysregul ati on | eadi ng
t ?@?ﬁﬁ??ﬁﬁﬁﬁﬁr@@@ i s gﬁc{lr}cgg't i mmune- nedi at ed

[0298]hr onb obymentgoricd aboveaeslolg]yeotidasdetth(EddioB iscused to confirm the

or s uetsusHt flarace s B0 A STPOCNIRIIE b

AR M e S A L ot

R{Pa et ¢ligosadebanide Ralactoseaiesiduginthat tartyerrgaldvde residue, the

13p%9c@1fa%@§ 'o%gthose structures that are non-fucosylated hybrid structures,
fucosylated hybrid and fucosylated complex oligosaccharide structures are
determined.

[0299] The impact of the level of GalT expression and the particular localization
domain that is used to target the GalT catalytic domain to the Golgi, on the
competition for GnTI-modified oligosaccharide substrates between the
recombinant GalT-catalytic domain and the endogenous core [11,6-
fucosyltransferase, Manll and GnTII enzymes is determined. The level of
antibody-dependent cellular cytotoxicity (ADCC) resulting from overexpression
in the antibody-producing cells of a nucleic acid encoding a polypeptide with
GalT activity that is localized to the Golgi via different localization domains is

determined.



(2000) (the entire contents of which is hereby
i ncorporated by reference). Specifically, a weekly

w0 ndoums3smo of the anti body, 375 ng/nR is adm ni BCEIERG04/@®0844

the subject for 4 weeks. The anti body therapy
produces a marked depletion of B cells in the
peri pheral bl ood and decreased | evels
of pl at el et -associ ated antidiegly. WO 2004/ 065540
PCT/ 1 B2004/ 000844 -106 EXAMPLE 3 Treatnent of Severe,
| mmune- Medi ated, Pure Red Cell Aplasia and Henvolytic
em ar: ] Ane- hat g ' ¢

0300 5 P AR TR TREhe oAb R R C R by

asspessidrent the bitimtdygroducing celis o€ a phelasrashencpdingracfusion

[ ne- nedi at acquired pure red.cell l.asja.in a
BB BeR Rt AT GO EerbbReseRothe ARRAR b g dyfhan
Prepakiag FeYedspRr T8 %iécﬁqmm b R liEBBBitohVERInRIIRN
havi ng rncreased A is adm ni stered to the subject

[03014s desdhekedl ¢onsitacis will onrompetathe aclyigoef thoegiogenoys core

| oo B gy ok el ) o B P Pl St CRipagy ane.

wcbﬁgeaﬁ&ﬁygﬂﬁreagm IAOOe henolytic anema is given
two doses of antibody, 375 ng/n2, Eﬁr week., After
[03024nt i bodhhetddigpsgsyharidgtreiile af dpeanti-cR2Remtibogy produced from

: v il il e e .
t PR SEP U Tk B Bl Smgih it RS ROATS, bighlove
siegpicksicaoiiboth ths ecdombireint antibody drel <isioh palypeppkevwiddGall
i ncr.eased. henpgl.opjn |evels. EXAMPLE 4 Materjals a
BEBHO LB Dbt FOMGrPEeTFEFu T B ieprGkartdes oF the
V%%&Eﬁ%_inéé%‘& Bbnd@bna KMol ?%ddﬁ@e he8@bRBIAL-1681-58-11
[ 1] For construction of "the GalT expression vector,
Gaotlf linBhk dlso detgidiidded froma cDNA library (O ontech)
by PCR. A Cterminal c-nyc-epitope tag is added

i mredi ately upstream of the stop codon of the gene

(am no acid sequence: PEQKLISEEDL) for |ater,

conveni ent detection of T Western Blots. After
confirmati on of the cor ﬁ%@g}é&ence of GalT the gene
is inserted under control of the MPSV pronoter and a
synt hetic rabbit, beta-gl obin pol yadenyl ation signal is
addaigralypad Methadsc1T expression vector al so cont ai ns
a separate puronycin

1. Construction of Manll and GnTII expression vectors

[0303] For construction of the ManlI expression vector, a human mannosidase 11
(SEQ ID NO:17) cDNA was subcloned into an expression vector plasmid
downstream of the MPSV promoter and upstream of a synthetic rabbit beta-
globin polyadenylation signal. For the GnTII expression, an expression vector
plasmid is used with the human GnTII ¢cDNA subcloned downstream of the
human CMV promoter/enhancer and upstream of a bovine growth hormone

polyadenylation signal.



resi stance cassette for selection, with the puronycin
resi stance gene al so under WD 2004/ 065540

WO LE3004/ 000844 -107 the control of the MPEVI/IB2004/000844
pronoter and synthetic rabbit beta-globin
pol yadenyl ati on signal. Replacenent of am no acids
encoding the | ocalization domain of GalT with the
am no aci ds encoding the bkl ization domain of the
human GnTlI. [0272] The construction of this hybrid
gal actosyl transferase gene is perforned, for exanple,
bEomyiiatiap R Mg BPRedsRACTdceits withe il febRehtibA driden BBk
CEpMtah MaRvinishe GhTl-GalT fusion under control of the
MPSV pronoter and a puronycin resistance cassette for
sel ection. Replacenent of the am no acids encoding the

[0304) ocal | 2N SrATagBEE| WitlheriRypysuhicloned esdesethed & lxampde 1 into

ol
[ RE N0 el el Bl el AN e By PR, BRERSH vRS:
vECLES. ADNw fibgmertdvithlineP isesbdldnadgs gesibedindExabpildBinto
the@ﬁii d manl |l -Gl T. gepe ugder control of the MPSV
p CXRESHHITERCT S HledribeR @bRyAlel VBRI TL sRtepsirn seeiRr
gl%grmith the replication origin oriP fromEpstein
arr virus. [0274] A DNA fragment with oriP is
subcl oned as described in Exanple 1 into the hybrid
nll - §S$t scri bed above.
g%nbing?%§ﬁg§${the:$€%¥?§§ﬁ%ﬁ? -GlT fusion gene and a
truncated CD4 cell- surface marker gene [0275] The

Xpr essi Mo d S iehARd addi ti I
[0305§xpr esg%@r%egﬁﬁéptgﬁﬁ}lg g?ggk%%ﬁ%gﬁ fd"gbsr f“gegg tﬁaélrs eé:tred as
géaseribddt indfxiagnplet h & dryier prdduaioh lof Gahddiffied antibagie i€ wt”, the
expy essi on cassette is. converted froma monoci stronic
Lels BTTEERFGrIPY Ve BAnEbeTS ARPrEs sy STy ] RO SA D) ripr the
dpﬁ@aﬁt{o@@m&fglwaeré%h&?ecpﬁﬁmd@f‘?m?tﬁ@%@hé weR L tlaHStBa

a _gollo virus I RES el enent followed by a cDNA
ewdbdnglzsntids) mnatfedatiibedyn eQpgssigr (EIRL 50D amt misither for

the. h CD4 | eader seqguen cretio ol | owed

Rl iy Sl A AT L LA R S

2P64h0 reRibI-Ef 1HBZH0HALABAEd antlRly “Cm”, the cells were co-
transfected with three plasmids, one for antibody expression (pETR1520), one for

fusion GnTIII polypeptide expression (pETR1519), and one for mannosidase II
expression (pCLF9) at a ratio of 3:1:1, respectively. For the production of the
glycoengineered antibody “Cmg”, the cells are co-transfected with four plasmids,
one for antibody expression (pETR1520), one for fusion GnTII polypeptide
expression (pETR1519), one for mannosidase II expression (pCLF9), and one for

GnTII expression (pGnTII) at a ratio of 4:0.33:0.33:0.33, respectively.

3. Production and purification of unmodified and glycoengineered antibodies

[0306] The culture medium of the transfected cells above was replaced by fresh
culture medium approximately 16 hours post-transfection and the later medium
was then harvested after culturing the transfected cells for a further 120 hours.
Harvested supernatants were centrifuged for 5 min at 1200 rpm, followed by a

second centrifugation for 10 min at 4000 rpm and kept at 4°C.



3. Transfection of mammalian cells wth GlT-f usion-
and anti body- expression vectors Transfection of BHK
W@ ei®6§50R76] Exponentially growi ng cells (vi abCT/IB2904/000844

90-95 %9 are cultured, harvested and subsequently
transfected as described in Exanple 1. For the
production of the glycoengi neered anti bodi es, the
cells are co-transfected wilih two plasnmids, one for
anti body expression and the other for fusion G1T
pol ypepti de expression, at a ratio of 3:1,
r asfpedyt melficatid ansf ecti on of HEK293- EBNA cell's [0277]
Exponential Ty growi ng HEK293- EBNA cells are
transfected as described in Exanple 1. For the

[0307pr oduchidaBcRhalldn8b&linePROBLAEST ﬁ‘&n%ﬂllhirbglqi fRtants?ing two
cells are co-transfected wth two plasm gs, one f &r
apiqupdeh} expmetogiaphicantgps,hBrastiheA ofronfatsgraphyGahd cation

pol ypept i.de expressi o t .a rati fo4:1, ..

SRR STy RREPRLy e fien T Efimle e iibodissewastath
| snd@h V,eshediiosaBize bkigesh c_ﬂﬁbm@to@a@h?&teﬂg% 4 S¥Perdex 200
foll owed by a second centrifugation tor 10 mn at 4000
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constitutively expressing anti-CD20 nonocl onal

apt i bogy: na .t he. neomyci n resi stance gene, is

t?‘ansfg\éllgg%gg\?atnhe%gﬁg&esxpr essi on vector by

el ectroporation. The vector allows for constitutive

xpressy-an_ of, the Manll-Gal]. gene . and truncated . form
(0308 P O PR narEs ek eyt oo i Bedisd i

Thaut@ChPNBasF Eisttiah BS descAVEPMafpld £SI St ance gene

expressi on cassette. Puronycin-resistant clones are
first selected to obtain a set of clones that
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(18 1 oli Chasi8 as a narker Tor expressrom tever
0 neoltl)gé%bst ron%%ga%sanl | -GalT+t CD4 gene expression

uni t. Reconbi nant anti body production of the sel ected
[0309k| onesThePN(ase feleased adigaspcalarielel SAresbssquently digested with
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expression level is carried

MALDJ/TOF-MS

[0310] Samples containing the enzymatic digests containing the released
oligosaccharides were prepared for and subsequently ran on a MALDI/TOF mass

spectrometer as described in Example 1.
5. Cell Preparation and Isolation

[0311] Peripheral blood mononuclear cells (PBMC) were prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Louis, MO63178 USA) following

essentially the manufacturer’s instructions and the protocol described in Example
1.



out as described in Exanple 1. 4. Production and
purification of unnodified and gl ycoengi neered

wa@eioloeisises [ 0280] I n the case of BHK cel | s treeiHiB0044080844

with an anti body expression vector or co-transfected
with an anti body expression vector plus a Gai T-fission
expression vector, the cultﬁge supernatant is
harvested after culturing the transfected cells for
96 h post transfection. Depending on the expected
productivity, several electroporations (10-15) are
dohe foNKtaeB isphenvect or. [0281] In the case of
HEK293- EBNA cel |l s transfected with an anti body
expressi on vector or co-transfected with an expression
[0312}ect or IPhmen NKGellTweissidated &opr BRMICapplying muegativeselection
cul tur ned'un1ia.rﬁglacgg%by fresh culture medi um
aﬂﬁp% ﬁ$ﬁﬁﬂaﬁf99§ Ao gmy -transfection and the | ater
mediumis then harvested after culturing the
tr?nsf:%bg ells for a further 120 hours. [0282] For
the st 4Y502-28-11 cell line, a culture is
seeded at 500,000 cells/nm and supernatant harvested

fter of _cultuyre. Antibody purification [0283
[031%jpnocl ﬁ?@ﬁgﬁﬁffsﬁapcqlflg Wet prepaed pdsserhs e and assayed for

SUR.; t | [ t 1.C

D e Ohy L L7 R Cellutar

chrpnxivify PR QsAssey es ddsedbidinBsample].1. 5.

A i gosacchari de Analysis [0284] digosaccharides are

enzymatically released fromthe anti bodies by PNGseF

di est i FogammaRAIAHending oh K esllsbei ng ei t her

i mmobi lized on a PVDF nenbrane or in solution.

[0285], The resulting digest solution containing the
[0314]el eas eTheobindmgadcipnimteR [HACon dictiigrisglategariectells and the

di r.e@{‘ll éf}%\fr MALDI / TOF- M5 anal ysis or are further
di Yedpe af frgemmai] i way fsiesanedsedesetibad i &xgmpls b
preparation for MALDI / TOF-MS anal ysis. W) 2004/ 065540

PCT/ 1 B2004/ 000844 -110 The ol i gosacchari de rel ease
met-hod FURPIPYERE depRpsicRherpionisHY BF2¥d ant i bodi es  and

the oligosaccharide rel ease nethod for antibodies in

solution are carried out as described in Exanple 1.
[0315] Complement dependent cytotoxicity assays were performed using

antibody dilutions according to the method described in Example 1, with the
following modification for the preparation of the human complement source.
Briefly, normal human serum (NHS) was prepared from blood of healthy
volunteers. The blood was allowed to clot for one hour and then centrifuged at
1200 g for 20 min. The cell-free supernatant serum was aliquoted and stored at -

80°C. NHS was used at 20% of final assay volume.

Results and Discussion

[0316] Glycoengineered versions of an anti-CD20 chimeric IgG1 antibody
(C2B8 chimeric antibody, also known as rituximab) were produced by co-
transfecting cultures of mammalian cells with vectors for expression of antibody
genes and with vectors for expression of genes encoding polypeptides with

GnTIII activity and mannosidasell. An additional glycoengineered antibody



Use of Endogl ycosi dase H di gestion of PNGaseF-rel eased

ol i gosaccharides for the assignnent of hybrid
w@ad0a06353y| at ed ol i gosacchari de structures to PCT/IB2004/000844

MALDI / TOF- M5 neutral oligosacchari de peaks [0286] The

PNGase rel eased ol i gosacchari des are subsequently

di gested wth Endoglycosidase H (EC 3.2.1.96) as

described in Exanple 1. NADI/TOF-MS [0287] Sanpl es

contai ning the enzymatic di gests containing the

rel eased oligosaccharides are prepared for and

[0321]5 ubs e qMefkdl Killed NKINcells MALIRIOWh@E begagortaapeediaies RADEE .
described in Exanple 1. 6. Cell Preparation and
| $Besstoelin cprop 88 thapeyurfise tha aghivaling Hegsrne reesptos Hilfgalso
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gaqcmgtogr%l fig el s shopgies g@éﬂ&%%ﬁ »MS atPyglore it i
S Dc%ﬁ‘ﬁa'n@fb cPHORE I Bindifg $2I6L ARtk dleB pFIRIBd EFI he fhethods
A Assay [0290] PBMC or NK as effector cells are
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' o nedi at e cyt ot ox
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of bisected, non-fucosylated oligosaccharides that result from the expression in
the antibody-producing cells of the fusion polypeptide with GnTTII activity.

[0322] Therefore, increasing the level of bisected, non-fucosylated
oligosaccharides of either the hybrid or complex type in the Fc region of the
glycoengineered antibodies leads to increased ADCC activity. The NK cells used
in this assay were from a donor of a genotype that does not express the
FcgammaRIIc receptor on their NK cells (Metes, D. et al. J. Immunol. Methods
258(1-2):85-95 (2001)). Therefore the only Fc receptor on the surface of these
cells is the activating FcgammaRIITA receptor.

[0323] The binding domain of the activating FcgammaRIIIB receptor is almost
identical to that of the FcgammaRIITA. Therefore, the above data also indicates
that glycoengineered antibodies described here can lead to increased effector
functions mediated by effector cells displaying the FegammaRIITB, such as
polymorphonuclear (PMN) cells, including release of toxic products and
phagocytosis (Reff, M.E. and Heard, C. Crit Rev Oncol Hematol. 40(1):25-35
(2001), Daeron, FM. Annu. Rev. Immunol. 15:203-34 (1997), Ravetch, J.V. and

Bolland S. Annu. Rev. Immunol. 19:275-90 (2001)).



[0293] Assays are carried out in order to denonstrate
the inpact of the expression of genes encodi ng
w@oingpoelsto des with Gal T activity on cell vi abi P€T/182004/000844
cell growth or antibody production, relative to cells
not produci ng such polypeptides. [0294] The purified
anti bodi es are anal yzed for their glycosylation
patterns by MALDI/TOF- Ms d487described in Exanple 1.
Using this technique, it is possible to determne the
fraction of different oligosaccharide species within
t 'i}@rsfo‘ﬂt@élso madd g Jbairarﬁ?ecﬁhg Qﬂﬁﬁ‘é‘s‘?cff%dn%al%%llﬁvitﬁ Rectors
I's also possible to assign structures
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gaPdeleds yicarbinast jagbbedien erel @yrifipd dogp thp ¢ medium.
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non cosyl ated a al act gsyl ated, hybri .
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d?k #igsi f the engineering of the antibody-

ucl

ng cells by expression of a nucleic acid
[0317E}ncod| Nidheapiiiddl axehbflisuwementhen analyzed for their glycosylation

patterns. These antibodies carry N-linked oligosaccharides attached only to

Asn297 residue of the human IgGl Fc region. The oligosaccharides were
enzymatically removed from antibodies by PNGaseF digestion and were
subsequently analyzed by MALDI/TOF-MS. Using this technique, it is possible
to determine the fraction of different oligosaccharide species within the total,
original Fc-oligosaccharide population, and it is also possible to assign structures
to different peaks in the spectra (Umana, P. ef al., Nature Biotechnol. 17:176-
180(1999)).

[0318] Figure 26 shows the neutral oligosaccharide MALDI/TOF-MS profile
from the unmodified, recombinant C2B8 anti-CD20 chimeric IgG1 antibody Cwt.
As for the unmodified antibody previously described in Example 1, Figure 5, Cwt



pol ypepti de, where the GalT catalytic domain is
| ocalized via the Manll Golgi |ocalization domain,

wo e@d®635ad nl y to gal act osyl at ed, non-fucosyl at BAT/EB2A04/000844
gal act osyl ated, hybrid. Specifically, it is determ ned
whet her, relative to the wld-type GalT and to the
GnTl - GalT fusion, the Manll-Gal T fusion is nore
efficient in the synthesi s of Fc-attached
gal act osyl at ed, non-fucosyl ated and gal act osyl at ed,
hybrid ol i gosaccharides. [0298] As nentioned above,
erfudgltywoal ot gsacehatifin guifie, ivathmekis aton/z vatfosofl 431 1648 and

' nt of gal act osyl at ed - f t d
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gatfdles apsibodepiodueing e¢lls bysapisenenefesugficapdsacoding a Manll-
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dejgfisned. The |evel of antibody-dependent cellular
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[0319]ne antEnsseseripg ofiie anighaskytirgdusingaels oy astexpagshign of anucleic

encodi ng.a p [ i th | T.activity t I S :
"o PIRaReb BRI Bielod polspufit M ST fhtatyic
d odth 436 is 16calided @ik fhd el \WO1 4 06t4li26R24Hdmain, and a nucleic acid
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ac Bnygink§ridppofehd maibedgetoducindicells & éd-Biﬂr?ssid:m c}qﬂmaluhlﬁfﬁdbid
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1, 6-fucosyl transferase, gl ycoengi neering the Fc region

of Manlland & bedsic acid encalims@gliBntedds to thepredhsiiog o ADC@tibody

(Cmg) where the majority of the Fc-oligosaccharides are bisected, non-

fucosylated complex, with a fraction of bisected, non-fucosylated complex Fc-
attached oligosaccharides even higher than that of antibody Cm.

[0320] Figure 29 shows data demonstrating increased antibody-dependent
cellular cytotoxicity (ADCC) resulting from expression in the antibody-producing
cells of a nucleic acid encoding a ManII-GnTIII fusion polypeptide, where the
GnTIII catalytic domain is localized via the ManlIl Golgi localization domain,
where the ManlI-GnTII-encoding nucleic acid is expressed either on its own
(antibody Cbrt) or co-expressed in the antibody producing cells together with a
nucleic acid encoding Manll (Cm). Therefore, increasing the level of bisected,
non-fucosylated oligosaccharides of either the hybrid or complex type in the Fc

region of the glycoengineered antibodies leads to increased ADCC activity.



[0302] The oligosaccharide profile of an anti-CD20
anti body produced from BHK cells growing in
waaapaession and engi neered for constitutive, hpQhiB2ee4100844
expression of both the reconbi nant anti body and a
fusion polypeptide with GalT activity is determ ned.
The rel ative percentages of the oligosacchari des of
the gl ycoengi neered nonocllatral anti body produced by
t he stabl e BHK-1502-28-11 <cell line are al so
determ ned. EXAMPLE 5 Materials and Methods 1.
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requires both high ADCC and high complement activation and CML activity.

The oligosaccharide profiles described above show that is possible to engineer
cells to produce antibodies where a majority of the Fc-attached oligosaccharides
are of the bisected, non-fucosylated complex type instead of hybrid type by co-
expressing the GnTIII fusion polypeptide together with a nucleic acid encoding
ManlI (antibody Cm) or together with a nucleic acid encoding ManII and with a
nucleic acid encoding GnTII (antibody Cmg). The glycoengineered antibodies
have increased ADCC activity and increased FcgammaRIII binding affinity that
correlates with their increased levels of bisected non-fucosylated
oligosaccharides, while their CML activity increased as the fraction of complex
oligosaccharides increases relative to the fraction of hybrid oligosaccharides.
[0325] This and the previous examples have described the expression of fusion-
polypeptide encoding nucleic acids, where the fusion polypeptide is localized to
the Golgi complex and has a catalytic domain that competes with endogenous

fucosyltransferases for oligosaccharide acceptors previoulsly modified via GnT1-



fusion GTII I pol ypeptide expression (pETR1519) at a
ratio of 4:1, respectively. For the production of the
w@bkopanessgd neer ed anti body "Cni', the cells wer ePCDIB2004/000844

transfected with three plasm ds, one for antibody

expression (PETRL 520), one for fusion GnTlllI

pol ypepti de expression (pETRL 519), and one for

mannosi dase |1 expression-{H4ELF9) at a ratio of

3:1:1, respectively. For the production of the
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haglvespradeingvith ﬂnQrQﬂS§®16Nﬂlg of e mcwybitahbaqblexeﬂﬂgssaﬁdfanaes

f ste ernatant s
cgrﬁ{an% tOgégcofpor SIS o 5? 1PA565 P% 0" ?W?stg&h%ﬁaﬂ- and/or
S eGwIl eaeding fiueddt heifs.f or 10 min at 4000 rpm and kept
at 4C. WD 2004/ 065540 PCT/1B2004/000844 -115-
Anti body purification [0307] Mnocl onal anti bodies
were purified fromcul tys rnatants using two
sequenti al chromatographi ¢ steps, Protein A
chr omat ogr aphy ar@vetatpression@X aiMagesikhsonat ogr aphy as
described in Exanple 1. For antibodies cw7, cbrtb,
and cm, an additional size exclusion chromatography
stmpleb\ghngoﬂnguper dex 200 colum (Anmersham Phar naci a)
and phosphate buffer saline was added after the
cation exchange step, and the nononeric anti body peak
vvaéungol | ect ed.. 4.e i gosacchari de Anal ysis [0308]
a5 re enzymatically released fromthe
032@anNt | boditRSednB §fagm t "
[ %escrl bed g|n Ecxogﬁig]uyrqﬁeUse of E og lgéc‘(%sﬂlI aseglﬂl)(EC
di 3g%ét1 M))n(SHQ M@eﬁ )y Eﬂl@aﬂa}ﬂ ccuﬂtro@ of ahe MPS desohokr, was

Q? runent of h | sect (9 gosacchari de
st rouc PERELD ¥ a‘ﬂ]élﬁt &l %ﬂ’ eg%%% chag repulting
p %ﬁiﬂl&sﬁ&ﬁ%lorghﬂgl:@mﬂlﬁ FRASEh O hd QRACEHA Velfess WL

subsequently digested with
for the light and heavy chain of the anti-CD20 monoclonal antibody were

respectively pETR1842 and pETR1843 (Figures 32B and 32C).

Fusion protein Manll-GalT

[0327] A fusion protein (SEQ ID NO:20), consisting of the hManII CTS and the
catalytic domain of the human f 1,4-galactosyltransferase (M22921, amino acids
126-397) was constructed as described below. The hManII CTS region was
amplified by PCR from pETR1484 (CF33, GAB252). The catalytic domain of
GalT (amino acids 126-397) was amplified using CF31 and CF35 from
pBlueGalT. The hManll CTS was combined with the catalytic domain of GalT
to obtain a fusion protein controlled by the MPSV promoter (pCLF24). The



Endogl ycosi dase H (EC 3.2.1.96) as described in
Exanple 1. MALDI/TOF M5 [0310] Sanpl es containing the
wepayoetske di gests containing the rel eased PCT/IB2004/000844

ol i gosacchari des were prepared for and subsequently
ran on a MALDI/ TOF mass spectroneter as described in
Exanple 1. 5. Cell Preparation and Isolation [0311]
Peri pheral bl ood nononucl ed22¢el | s (PBMC) were
prepared using Hi stopaque-1077 (Sigma D agnostics
Inc., St. Louis, M63178 USA) followi ng essentially
t ReholBOITaRhe WS otainBd HoHCBIABGa AN Hhd AeRbAMB TR GalT was
described 1n Exanple 1. 2004/ 065540
PETIUCBOBOSEQBBYH:16)116- 6. NK cel | isolation [0312]
Human NK cells were isolated from PBMC applying a
negati ve selection procedure as described in Exanple

1 MRLRBPCCSBSaaWIPGASBOIEMRLBY A6f ¢ SLHRGVCELV S YW GRDLSR
paﬁfared as_descri bed above and assayed for their

aBEQLNGY S TREQCHNT A MG QSSOE] K IO GARRRPPEGASSQPRPGGDS
descri gge]%P ﬁgkgggﬁnﬁl\g’% I_ﬁé?élt-g %ngCTSQE@LWIﬁQ%M\KDL
CHo g g o v
ue kb R R R ol AN o QA S heRY RS DV
d%IQPWDHM&Q(@FSSQPRHIWAMD@@%giPWWE%S&{QQFLT

dependent cytotoxiCity assays were perf
arlﬁ EFEPNEMGW GEEDRREBNRL NGRGM S ISR PA YiY GRERNMR HERDKK

oA Rk Erh S s PSR B GV EEY il

nor mal human serum (NHS) was prepared from bl ood of
vol unteers. The blood was allowed to clot for

heal th
[0328pne h o%ﬁheé’n@f Ga\Evag amplifipdigith A2/ GE3@ang affise] regription site
T fr r t was.al quot and .
o e S50 IRE A RESRRE e SBEIMEY VB30 P R Aeugpeine
v ahd erchalRgaliint sCIAFl B FS41430alN digestion (pCLF26). The OriP was
added to pCLF24 and pCLF26 to generate respectively pCLF25 and pCLF27
(Figures 33A and 33B).

Expression of a-Mannosidase and ManlI-GalT in HEK 293-EBNA cells

[0329] HEK 293-EBNA cells were transfected with the calcium phosphate
method. Briefly, for the transfection of a T150, 15 million cells were seeded 24
hours before transfection in 28 ml DMEM, 10% FCS, 250 pg/ml neomycin and
incubated at 37°C, 5% CO; overnight.

[0330] For each T150 flask to be transfected, a solution of DNA, CaCl, and
water was prepared by mixing 94 ug total plasmid vector DNA, 469 pl of a IM
CaCl, solution, and adding water to a final volume of938pl. To this solution, 938
pl of a 50mM HEPES, 280 mM NaCl, 1.5 mM Na,HPO, solution at pH 7.05 was
added and mixed immediately for 10 sec and left to stand at room temperature for
20 sec. The suspension was diluted with 24 ml of DMEM supplemented with 2%
FCS, and added to the T150 in place of the existing medium. The cells were



[ 0316] d ycoengi neered versions of an anti-CD20

chinmeric 1gG antibody (C2B8 chineric antibody, also
Wo@w063830 ri t uxi mab) were produced by co- tranBE¢ETR20041000844

cultures of manmmalian cells with vectors for

expression of antibody genes and with vectors for

expression of genes encodin ch pol ypeptides with GITl1I

activity and mannosi dasel r123an addi ti onal

gl ycoengi neered anti body WD 2004/ 065540

PCT/ | B2004/ 000844 [03211 Natural killer (NK) cells

aneubiatmimt 3 CHE% Kithrbambouteldi it 20 homfs, A Be Mbdisd was

| ' th ti ti F
Gelspeb P o MY HORASSS Coiga. Binding of the Fe
[0331]r egl onForofesﬁItfge tﬁ@rogﬁanﬁgéﬂasp%rl#f 2D o POSHL ?&cosxa/];irg?sferase

I1TATeceptors on NK S IS essent
1|tmk i theyeadls wehetsansfeced epth@ETRAB42, PETRAS434nd paL@9 at

S e A Pl h L il Bl e
pradrced QMhIBETRE&hP fﬂﬁﬁﬁ@r&Q??Cﬁ%ﬁg it0 ﬁ%no<ﬁ'221

receptors, in particular to receptors in the native
fl@ﬁpﬂCtlﬂelwm dﬂ[sr i mt—tramicptlomnmpemefahtewaﬂmmtddscalhm;(pg@@/

e L L2 BB bl out StyiFhal i Bty 4000

pﬂpﬁdlﬂ‘ﬂﬂef@@alklept@mog nucl ei ¢ acid encodi ng a fusion
pol ypeptide with GhTIlIl activity, expressed either on

its own (antibody Cbrt) or co-expressed in the

) _ xpressed in the
PR o L BB SRS PTL b i g af 1 mi )

to the human activating Fc receptor FcgammaRII1 A . As

menti o d ab e ADCC assays, these anti bodies
[0332]have i Hal }b§gy8’1asl?)‘i1% fgem 30 aH of URE R

?ﬁ%@%@%@%ﬁbgfiﬁiﬁﬁhg ot AR BERRRET) Sty
winphoolrEl atibedy ifwint the c{)\@ Eﬁﬁ}}odﬂpeeseﬁtan ¢he dernon,dalovngl tiyne
| evel of bisected no u d oligos cch rides
STALEh ERRER SRPHIEERGY: DOTPLE e Th SEREC R PPSg: on
of the glyco englneered anti bodies | eads to increased
ADCC activity. The NK cells used in this assay were

f Pigesacelride wfalgsigenot ype that does not express the
FcganmaR. || ¢ receptor on their NK cells (Metes, D. et
al. J I'munol. Methods 258(1-2):85-95 (2001)).
TheGedebrdiodsiienonl y Fc receptor on the surface of these

cells is the activating FcgammaRI | | A receptor. [0323]
[0333FThe bi Hen ﬁrgbr@émﬁln agifbodhiesasple (a0 i 4g) Weyanavdmlefl| Bith N-

L@@gﬁ%ﬁﬁel Ry o’?%c?lt B B0 Bl Dl i The disestion

was performed in 2mM Tris, pH7.0 buffer for 3 hours at 37°C. The released

neutral oligosaccharides were then incubated at 150mM acetic acid for 3 hours at
room temperature. The samples were then desalted with 0.6 ml cation exchange
resin (AGS OW-X8 resin, hydrogen form, 100-200 mesh, BioRad, Hercules, CA)

packed into a micro bio-spin chromatography column (BioRad, Hercules, CA).

EndoH digestion
[0334] The PNGaseF released oligosaccharides were digested with
Endoglycosidase H (EC 3.2.1.96, ROCHE, Switzerland), an enzyme cleaving

between the N-acetylglucosamine residues of the chitobiose core of N-linked



t hat gl ycoengi neered anti bodi es descri bed here can
lead to increased effector functions nedi ated by
webdoao63510 cel | s di spl ayi ng the FcganmaRI | | B, SPCTIE2904/000844
pol ynor phonucl ear (PMN) cells, including release of
toxi ¢ products and phagocytosis ((Reff, ME. and
Heard, C. Crit Rev Oncol Hernatol. 40(1):25-35
(2001), Dacron, FM Annu. -R24. | nmunol. 15:203-34
(1997), Ravetch, J.V. and Bolland S. Annu. Rev.
Inn2uno| 19: 275-90 (2001)). WD 2004/ 065540
%ds%%&&o to- adefic VAL @ I tRAthétaATHe aBYMebWill cleave
ransfecting cultures of mammalian cells with
vehgmnmnomarareb( pnegs mabmcbf tyaht Bhsds, gehesaanepmpleh type

tors.for ex genes encodi ng pol ypepti des
ﬁﬁoseff}ﬁaﬁie aag?p%slmgho P%ﬁﬁino& dasel | activity, and
[033591 T' | TREbiiydsh¥chalats Wi eRRAEA MBI DRbglyco8ydbse H
|'s were co-transfected with two plasnm ds, one for

am RinddyLrisx pHe%Ql Bhe (sl Bagxforoad af G7°€ et drhogrsTiThbe

. ' d ETR15
D RlEBBE e e Be e dRal o vinkgrdly B TREHACARELRE
PlaAg §ﬂb§§(} uefile dés@[te(ﬂmth b%disﬂ AKNPE ©5BbhOTe redip EKGB 0B2HR resin,
one for tusion GhTHI tide expressjon (pETR1
o DoyrogembTond00-000 nresi e Raa e Haer A 8Ok I b pio-

Y Q(‘jgg, cells are
coﬁggé%s eé%ggﬁﬁﬁﬁﬁmﬁ %#R&ﬁg§ﬁl a%e for anti body
expression (pETR1520), one for fusion GTlIII

poI ypeptl de expr ¢ eSSI on (pETRI 519), one for
WAHE ple 3te¥si on (pCLF9), and one for GaTlI

[033621‘ Xpr es SI'h‘a N SRk yihzoic Alkid RS (@G9HB) was prepared by

on- gl ycoenglneered version of the sane ant i bod
" @idsdlvives2 nxgrqfcﬂ;ﬁ:ddlyki;omybmfcwtd hé. Inegrod | S-methoeysalicylic

%Wafqg?t ool sandoossotar Eprs T G0 e of
%nxga% gbgahe Q6" e&%ﬁlesg &98(’;{9@@9%@”&1 bOIHBR WRER was

purlpled he culture ne pressi on of genes

eNgRel. theRamyRe Pidré gis-dried And30.Z214i kthanel Wisdpplied.t i vi ty

did not have any significant effect on cel

V|ab|I|ty, cell growth or antibody production,

rqw ib APk &g not producing such

se or glycosidase pol ypeptides.

[033‘[]0317] ﬂieeMLMJ.mlliT@H st ispatioartenesal tohequae teymed speatra

their ycosyl ation atterns. These tjbgqles carry

?a(i)W]lﬂb e tron.

NFHK PGPy gite LRssthse | v OB Is) S4B R g tFac
efl Al r\ﬁlilen? W@d L OF rREtbEAb AN Posti ions were accelerated

ollgosa Fides wer
to 20 kV after 75 ns delay. Flve spectra of 40 shots (200 shots) were combined to
obtain the final spectrum. External calibration using oligosaccharide standards

was used for mass assignment of the ions.

Oligosaccharide profile

[0338] The oligosaccharide profile of the anti-CD20 antibody produced in the
presence of Manll is shown in Figure 34. The oligosaccharides found associated
to the Fc portion of the antibody are complex structures, 48% of which lack the
core fucose. The a-Mannosidase II competes with the core-Fucosyltransferase,

generating 48% of non-fucosylated oligosaccharide structures. In the absence of



enzymatically renoved from anti bodi es by PNGaseF
di gestion and were subsequently anal yzed by
WORWDI06SF@F- V5. Using this technique, it is posBCDIBR004/G0844
determine the fraction of different oligosaccharide
species within the total, original Fc-oligosaccharide
popul ation, and it is also possible to assign
structures to different pddks in the spectra (Unmana,
P. et al., Nature Biotechnol. 17:176- 180(1999)).
[0318] Figure 26 shows the neutral oligosaccharide
; : [ oJthh nan
S A S S T R e
ursenposddenhaof fubosjyatpd smicawrsd Gvittelype itéaddiyyy Exanpl e 1,
igure.b, 2004/ 065540 PCT/ ] B2004/ 000844 -118
10338124 a t@ﬁio?lgf’s%%%é’creggrq%@@ %Floéﬁ)?%?andﬁ nyediesd dn the
R R A RO S PR 0988 Ao -
oM guowasidededl, iathe $n thictchsehf tHe fusiod pidtga Ml bGal T, &iaghiRSt of

res tiv . ..Engi neerjn of the antibody- producing
caOBgﬁwY P@@g%gaaﬁh%ﬁeé BICR T AETSe AdngtbRfrergitage of non-
Ved dsylafed Strlibtufdd o8 stR Y REREMHERe smﬁl‘%f\gﬂ% ﬁé? 1419 and
catal ytic domain is localized via the nl'l g

| dé&l) Zathiene’dofadmitcesylated sugarsparoatiditionah3 @ ofihybrid, non-

AL R OG0 T A Bl Wiyt
hythe bebséree &fFthe Wigor proteirMEEII LT PHoWE afRXGINI08%Lof non-
endogl ycosi dase H (EndoH) was used to confirmthe

ad449g tstg¢tursSsect ed non-fucosyl ated and bi sect ed,

hybrid structures to the different oligosaccharide

peaks observed in the MALDI profiles. [0319]

Edjologienl avgivity of hetibodieymdyu@ddd ded pr@seet bbo-Dannsosidase

cq-expression of a nucleic acid encoding a

I\/&H PT Iustep protein MapllsGallyent i de, where the GnTI |

catalytic domain is localized via the Manll Colg

| ocal i zati on donain, and a nucleic acid encoding
[0340an! |, Th ediet ¢o tikternpine dhectfifern ob fheasztiom b biodynldsiBassviTend

tgi 'Ofﬂt of . the Fc-aql.igosaccharides were
bi j@ﬁa‘?&, FHEAedR fysomnsition Apibe sorsi@eositpms terpe) relevant
Engdipged 'a%y%efelf)%rf@ﬂﬁ?c? ey éeﬁﬁ}ﬁ%&@ geéfe?il fttzz’n Yo antibody-

CO- expressi on of "a nucl ei ¢ aci encodi ng
Malspendam dellulfay sytotoxputyy(@dpi Crand fahbirdinghe ta T receptor

" Stiet oA En i Bier Ao Sidht-BTOND g e B TRt

and a nucleic acid encoding G1Tll, leads to the

production of an anti body
1gG binding on CHO-1708-37

[0341] The cell line CHO-1708-37 expressed on its surface the FeyRIIIA
receptor (CD16) and the vy chain of the FcyRI receptor. The expression of the
FeyRIIIA receptor (CD16) was assessed by FACS analysis using the 3G8-FITC
monoclonal antibody (Figure 36). The CHO-1708-37 cells were incubated at 1
Mio/ml in PBS, 0.1% BSA with different antibody variants, at different
concentrations (10, 3, 1, 0.3, 0.1 pg/ml) and in triplicates. The cells were
incubated for 30 min at 4°C and subsequently washed with PBS, 0.1% BSA.
Antibody binding was detected by incubating with 1:200 fluorescein



(Cmg) where the majority of the Fc-oligosaccharides
are bisected, non- fucosylated conplex, with a

wo e@an635m0 of bi sect ed, non-fucosyl at ed conpl exPELIB2004/000844
attached ol i gosacchari des even higher than that of
anti body Cm [0320] Figure 29 shows data denonstrating
i ncreased anti body-dependent cellular cytotoxicity
(ADCC) resulting from expr-€3&i on in the
anti body-producing cells of a nucleic acid encoding a
Manl | -GnTl 11 fusion polypeptide, where the G1TIII
C abiiydyhgatélosmugates | hi zeghayi a Il | 9
| ocal i zygti onG@ogﬁai n, pc\%ﬁe)% e gohae Ng%tltllﬁm%}aﬂrl I }g-@éncgg?lﬁan
niremeaneRepseaich, sWesipOease #A9i fohdP wim it $°Gwihe (hotdstbady

R <G B oD HORAR LA N s
TRACSatibur (BIXBR3sieAEE, SReJdseVEA) edtindi1566d el

S.
non- f ucosyl ated ol i gosacchari des of either the hybrid
or conplex type in the Fe region of the

o B8 P b SR G b D B E S Gttmen
[0324] Cbrt, an anti-CD20 anti body produced in cells
egg;geﬁrig for _expression of the nucleic acid

eh@68i AGIAPELY on pol ypeptide with GnTII1 activity and
I i Ze . lgi via the Manll | ocalization
d§%€$%6§g§£@8%?§ﬁqglso for conplenent nediated |ysis

(CWM), a different effector function that is not
ependent on Fc receptors on i mune effector cells.

[0342;]rlhe vadhe gajipdyigrogucedHa the pregercsihaamesigpse; Hj(Banll)
i ti hod bi d.hybrid.non-
e AR TR R

for the Cort anti body conpared to the unnodified
anti bod Fi gure . pplications
Hipog) Nk & 8 anpytotox gty keduced CML
may be desirable, for exanple to reduce side effects,
such as vasculitis in the blood vessels at the tunor
[03435i t e, PRedpietadbloyd Givbnontkkear csllgPBM@NtvetdMprépacidaisielg

skg%-effe%hi 2 ve been observed for anti-CD20 .
o EhsiRRyeT LT Sipma, Dineaettc o StELoWe, MOGHS JUSA) and
H?(ﬁﬁﬁ%ll@ée ests%ri]tﬁ(ﬁ gxéﬁg&&%u(rgppiﬁ&ucnmmef ‘}eguétﬁ blaod was

possi bl produce gl ycoengi neered antibodies wth
i trkenwith hepDizedsyiingesyioantlSivganwhRivere asiedthirg for butin

o o S e A B UL 1
aptoolorhe ¥ d WhodinfeBLD.75UT iBMB PR ic8Stainiy 4 Olbﬁlgl and

desirabl e_for applications where maxi mal target ce
elgygied #pitEstopaque-1077. The gradient was centrifuged at 400g for 30 min at

H }epEmdol

room temperature (RT) without breaks. The interphase containing the PBMC was
collected and washed with PBS (50ml per cells from two gradients) and harvested
by centrifugation at 300g for 10 min at RT. After resuspension of the pellet with
PBS the PBMC were counted and washed a second time by centrifugation at
200g for 10 min at RT. The cells were then resuspended in the appropriate
medium for the subsequent procedures.

[0344] The Raji target cells were washed in PBS, counted and resuspended in
DMEM, 10% FCS,1% Glutamax at 1 Mio per ml. To these, 1:100 calcein was
added and cells were incubated for 30 min at 37°C. Cells were then washed in

PBS, counted and resuspended in AIM-V at 0.3 Mio per ml. Of this cell



requi res both high ADCC and hi gh conpl enent activation
and CML activity. The oligosaccharide profiles
wale@ansisedl above show that is possible to engi PERIB2004/000844
cells to produce anti bodies where a majority of the
Fc-attached ol i gosaccharides are of the bisected,
non-fucosyl at ed conpl ex type_ instead of hybrid type by
co- expressing the G1TlI|I 1é&i on pol ypepti de toget her
with a nucleic acid encoding Manll (antibody Cm or
together with a nucleic acid encoding Manll and with a
neespeiscoraclild einwert adie@ngdr | wélant iabauud Goiom IB8vell plate.
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o%?gosacc%gl’l' YR gntisagics. YA telearen s detamained figm wells
CEnEAPhE SHlParigBt SHEN b, 06 UBLEL G AC] :
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tdfVmapndfiibsippnheo@irylefRR08 BTRS th B &%ﬁ%é&%% it aste)
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t'61%8% copr ot ei ns produced in cell's not co-expressing
the Manl |- and/or GnTlIl-encodi ng nucl ei ¢ aci ds.
EXAMPLE 6 Overexpression of a-Mannosi dase Ml ecul ar
cl oni ng Human a- MannosiBlas®IPLE T 0326] The gene codi ng

for the hu a- Mannosi dase || ("hManl " E. C
Cuses ycoengineered Antl-EGFR(Monoclonal %ngibody to Treat

Psoriasis
[0346] Human patients with psoriasis can be treated with a glycoengineered anti-
EGFR monoclonal antibody produced according to the methods of the invention.
In particular, the patient receives weekly infusions of the glycoengineered
antibody at a loading dose of 400mg/m®. Maintenance doses of 250 mg/ m” are

administered on a weekly basis until complete response is achieved.



3.2.1.114) (SEQ ID NG 17), under the control of the
MPSV pronoter, was cloned in an expressi on vector
weoasiseng the Ori P el enent. The resulting eRET/ERO04000844
vector pCLF9 is shown in Figure 32A. The expression
vectors coding for the |ight and heavy chain of the
anti - CD20 nonocl onal anti body were respectively
pPpETR1842 and pETR1l 843 (Fig23es 32B and 32C). Fusion
protein Manll-GalT [0327] A fusion protein (SEQ ID
NO 20), consisting of the hManll CTS and the
catal yti c domai n of thegpkianmsy ©g
1, 4-gal act osyl transferase (M22921, am no acids
126-397) was constructed as descri bed bel ow. The
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catal ytic domain of GalT to obtain a fusion protein
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[0348]S ESFKENDSIYQWQAQ@%@@%&N&%M Tt SRENAYy Yh FRARVIST the

NEWF@FMMWEME@@_NSUSHQ'IA_ famgéa\fpt_vi@ﬁmoff;hpmone-
L of j £ ith CF3 3
T e R DY

genrer pdienSegsianatc vasretaldiilc @Qaties aitypseatdend sipe b
and_exchanged jin pCLF24 %&F'Sel /[Dralll digestion

( pel¥aey-smeH celblyng ¢anser. sypgeidiceldy. sy ghygosnginesed RipM b

20 I am RIS A LRV DGy RERTAL b SR 2 e
i mgAEKr@pStivBAndd|dissase progression ceases. The antibody is supplied as

a multi-dose liquid formulation (20 mL fill at a concentration of 20 mg/mL or

higher concentration).

[0349] It will be clear that the invention may be practiced otherwise than as
particularly described in the foregoing description and examples. Numerous
modifications and variations of the present invention are possible in light of the
above teachings and, therefore, are within the scope of the appended claims.

[0350] 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.



[0329] HEK 293-EBNA cells were transfected with the
cal ci um phosphate nethod. Briefly, for the

wWo e@astsad i on of a T150, 15 mllion cells wer ePCGEHERIOEH/ 000844
24 hours before transfection in 28 nl DVEM 10% FCS,
250 g/ nl neomycin and incubated at 37C, 5% CO2
overni ght. [0330] For each T150 flask to be
transfected, a solution of IB%, CaCl2 and water was
prepared by m xing 94 g.total plasmd vector DNA 469

| of a 1M CaCl2 solution, and adding water to a

f i WHAVIS CRATMEDOESI . To this sol ution, 938 gl of a
50mM HEPES, 280 nM NaCl, 1.5 nM Na2HPO4 sol ution at pH
7.05 was added and m xed inmediately for 10 sec and

left toast t . Ep. -
suspens o une dFSReu i RISl Pyl BEELRd K feiop
wiTtoly e ptides CS, wieenein ad deid tOﬁIBlbﬁ Tiflypeptigd ackasof Bgl)-N-
S. were 4/ 06554

eX| st nedi u The ¢

i lsdtisn B S Bt achiliiar ol deaissios Bopiepsengivity
amﬁatc thpribé 8O GoRtl Icxal id
e R eotpr] OVEN 10 /oaﬁ%i% g?ﬁﬁ%ﬁ@%ﬁ%ﬁ %dﬁ‘g‘ﬂ%‘ﬁ‘%@“de-
a I\/tannosn dase Il effect on core-fucosyltransferase

[ lls. retranfCIe vvlth

Rrod St ngRl Bid e p 9557, Mrepal rifeigion
Fq;rolytﬁeﬁtuﬂeUSI @nmpﬁ@asel nthivan| tat&dgdd tdenae! | DFVer {(1,4)-N-
trans[ cted WI} pPpETR1842, ETR1843 and pCLF25 at a
r §eptylgdycosarpiny traP%ﬁ'é%m %B& 4)rgalagtgpylransferase.
post -transfecti on, supernatant was harvested,
centrifuged for 5 min at 1200 rpm followed by a
sécond Avensalitedigatlieinadidracd@dingntoatla#f Q) wiigein said Golgi
f||t edadke 4C. Purificatjon of antj-CD20

o Oé’?ﬂl? %&B? qeakEsspn famampigeasasidass it body was

purlfled from30 nl of supernatant by two step
chr omat ogr aphy, involving first a Protein A
cHr onatdoy isepisd nuadeis epiar acerdiie to plamo G, davihg ahd nbadytide

byedenRE e iR gt BLSERIRRIY T DUt o

exchange the sanple to PBS. digosaccharide anal ysis
PNGaseF di gestl on [03@% The nonocl onal anti body
sanpl e Abdsadgtedaycleige taé@prwllghml\lclamly%oshaﬁasesaﬁﬁ Golgi

éirl(gcgagtg?%(ﬁlamdonﬁ?f hey S 296 éeﬁ&g c?omam T[ﬂjf 2)-N-

acetylglucosaminyltransferase I.

6. An isolated nucleic acid according to claim 5, having the nucleotide

sequence shown in Figure 25 and SEQ ID NO:12.

7. An 1solated nucleic acid according to claim 2, wherein said Golgi
localization ~domain is the localization domain of P(1,2)-N-

acetylglucosaminyltransferase II.

8. An isolated nucleic acid according to claim 2, wherein said Golgi

localization domain is the localization domain of mannosidase L.



was performed in 2mM Tris, pH7.0 buffer for 3 hours at

37C. The released neutral oligosaccharides were then
w0 padloetsed at 150nmM acetic acid for 3 hours atPCT/B204/000844
tenperature. The sanples were then desalted with 0.6

m cation exchange resin (AGOW X8 resin, hydrogen

form 100-200 nesh, BioRad, Hercules, CA) packed into

a micro bio-spin chromatogt3phy col um (BioRad,

Hercul es, CA). EndoH digestion [0334] The PNGaseF

rel eased ol igosaccharides were digested with

Ebdogl ypaosodadentddiEGeRl 2ocbrdify tRQGR 2 SwWihk#et lsaidd®olgi

ag)ge}ng%rre cl eavi ng . between_t he N-acetyl gl ucosam ne

r Osplirgaen dpmpinds Hiei lpebizataen daspain of o o) doriiigospltransferase.
2004/ 065540 PCT/ 1 B2004/ 000844 -124 oligosacchari des,

prior to acetic acid treatnment. The enzyne will cl eave

ol0.gomAnnsadsedmet]leiosdid hydordidg toygiaing? yonaisingsease that

conpl.ex type oligosacchar.ides are not hydrolyzed.

[ 6‘§n§§TS %é%?nﬁgsi\g\@ea&ﬁ RO g seeges thaynipdhene 24 and

gk IDdeghycosydase H in 2nM Tris, pH 7.0. The

digestion is performed at 37C for 3 hours. The

ol i gosacchari des were i ncubated 3 h at room

t erature .at 150 mM.aceti.c aci.d and subsequent |
oELRT B el Rl pactag e A opie Rratiiin s P iRy st sdhat
I egdotles 2 PGP QHRB hbhGinSheline Qid G ibncBiRRAn Figure 25 and

Switzerland) packed into a mcro bi spi n

cREQIRX NG dphy col uim (Bi oRad, Switzerland). Matrix
and sanpl e preparation [0336] The 2, 5-di hydroxybenzoi c
acid matrix (sDHB) was prepared by dissolving 2 ng of
215- di Aydsadatydeundeit acidatddrdin@tolclaith PEomprising a sequence that
S-MX@? icylic acidin 1 nml of ethanol/10 nM |
aby SIBEFLiTIBEYS cpaditions to 4 hylridizatiogs probe e micleatide
a taar. -

e R B SR Eh R orki@l teno A i Folr g Ny
| SEOHBNSO:Mas applied. MALDI/ TOF anal ysis [0337] The
MALDI - TOF mass spectroneter used to acquire the nass
spectra was a Voyager Elite (Perspective Biosystens)

eqsii PPAH i314tBd ARNIAY 8€ld 8¥ ot BEE P laim F&Eniedd d”&'gggénc%rcat
operated in the reflector node. Positive ions were

abyuidizestuader stongenticondifios to75 hylsridedtion. préby thesipeisotide
ogeqﬁgncser})%twshié}g 90%5185 sogﬁl)le Micisotial rsrglqu%gge gh%wn in Figure 25 and

SEQ ID NO:12.

14.  An isolated nucleic acid according to claim 3 comprising a sequence at
least 80% identical to the nucleotide sequence shown in Figure 24 and SEQ ID
NO:14.

15.  Anisolated nucleic acid according to claim 5 comprising a sequence at
least 80% identical to the nucleotide sequence shown in Figure 25 and SEQ ID
NO:12.

16.  Anisolated nucleic acid according to claim 3 comprising a sequence that
encodes a polypeptide having an amino acid sequence at least 80% identical to

the amino acid sequence of Figure 24 and SEQ ID NO:15.



obtain the final spectrum External calibration using
ol i gosacchari de standards was used for nass

was®ugessent of the ions. O igosaccharide profiPeT/[K2863]00844

The ol i gosaccharide profile.of the anti-CD20 anti body
produced in the presence of Manll is shown in Figure
34. The oligosaccharides found associated to the Fe
portion of the antibody are conplex structures, 48% of
whi ch lack the core fucose. The a-Mannosi dase |
conpetes with the core-Fucosyltransferase, generating
48% of non-fucosyl ated ol i gosacchari de structures.
t hg, abs 04{ 065540 PCT/. | 2004/000844 -

o Minnosh foleban et RRgRIk Gl SE0R i pRa Sgnent? i

poarrfcom a:ifolyﬂepuamhavb@giml ahio LaRgeaide anleyst®DY 1dentlca1 to
fucosyl ated structures (wld tgge anti body). [0339

THae gininpacitsaquencgef Errgiw%aaaﬁ R IPAP:18020 ant i body

produced in the presence of the fusion protein
Manl | - GalT is shown in Figure 35A-B. As for a-

Matthosi Aasselatdd nualesacidadcbeligseelaih mdamphuﬁﬂgme@xembet’hﬁt
Manl | - GalT nmount of  non-fucosyl at ed

t he
ol ?lﬁaéeééa?bﬂ%ea%d@wa@ttb? guinopeidsgussice of Higgs 24 and SEQID

pexoert Wil cHseRaive i8S BLBLiEhSMCt ures consist in
hi gh mannose structures (mz 1256, 1419 and 1581). To

this 67% of " non fucosylated sugars, an additional 30%

b t truct f ound
Deub) " Mt B e K R B s o s e iscb il
of erlcb@esfayiypRpidta@idg th@ﬂhino@aihkeqm\a@oﬁﬂag@&tz5la9@%@9‘m

non- fucosyl ated structures. Biological activity of
arVPBGdV ik Conseyat eniarninotarid sybetifatiens. of a- Mannsosi dase
Il or fusion protein Manll-G1T [0340] In order to
determ ne the effect of the action of a-Mannosi dase |

antd. Mash bxgreskibneeziiwhich com@ricgmpedoldtbdiuctdic di€according
core-fucosyltransferase, relevant biological assays

welPENB ORe 8F HIMS ITh2 sanpl es were tested for in vitro
anti body- dependent cellular cytotoxicity (ADCC) and
for binding to the CD16 receptor expressed on the

s udlf.ac e&ﬁﬁsicamoéy@ptiéehaedn@ﬂd)fbeﬂ dacdtylgcoaninlifatstarage 111

9G,.bi.ndi ng .0 034 The cell line
T o Pk AR e o it o omesiey ke Gols
r el@@zﬂfz@ﬁoﬁ &34 oR A ﬁet‘éﬁﬁog/oug 18 efiddd BoFpYRlder €cept or .
The expression of the
22. A fusion polypeptide according to claim 21, comprising the catalytic
domain of B(1,4)-N-acetylglucosaminyltransferase III  or  PB(1,4)-

galactosyltransferase.

23. A fusion polypeptide according to claim 21, wherein the Golgi

localization domain is the localization domain of mannosidase II.

24. A fusion polypeptide according to claim 21, wherein the Golgi
localization ~domain is the localization domain of pB(1,2)-N-

acetylglucosaminyltransferase 1.



FcyRI 11 A receptor (CDl6) was assessed by FACS anal ysis

using the 3G3-FI TC nonoclonal antibody (Figure 36).
wWab@4/04A708- 37 cells were incubated at 1 M PETAB200W/000844

PBS, 0.1% BSA with different antibody variants, at

different concentrations (10, 3, 1, 0.3, 0.1 gg/nl)

and in triplicates. The cells were incubated for 30

mn at 4C and subsequent| y-182shed with PBS, 0. 1% BSA.

Ant i body bi ndi ng was detected by incubating with 1:200

fluorescein WD 2004/ 065540 PCT/ | B2004/ 000844 -126

| 98t hi oCya&8A & ptgat ' ty1ante -

(Jackson Imm%cg eaggﬂr%ﬁ?ﬁ{ stt‘3 él%\%gzlp/rgﬁefr%ﬂ#”%% rtnﬁ) '

atocatizatiphalomairoisdbrlepdizatipmdemaintof mashesidasad t o t he

bound anti body variants was determ ned on a

FACSCal i bur (BD Bi osci ence, San Jose, CA) gating

| 28] ng Ac etlibien Jdlggefpahé QU rdindNté Rshn VAT i idrSin VBIeC Golgi

included in the binding assay experinent: OCwm8 (wl ag

t Jgsalizatiognn domain ViR no8iedadecalipytiqno34pmaithe efnt i fibay-N-

pr. 10 - e of a-Mannosidase Il (Manll)

biag%gl%ﬁgo%%ghggrﬁ%f?%%ﬁécept or with higher affinity

t Bd@n t e fusibal polpeepddé i ocidasy to difinViAMl[ Ovherein the Golgi
ti Bod, - Dependent Cel | ul.ar Cytotoxicity ADCC? [0343%

P& FPé%é‘l dogiagnts thiolesHiretiensonainiof of ey fugesdiransferase.

prepared using Hi stopaque-1077 (Sigma D agnostics

Inc., St. Louis, M63178 USA) and: follow ng

eg8ent ifahdsy c¢lheommsifgaibt axmesssor vstarw€tiaong0. I n bri ef ,

venuous bl ood was taken with heparinized syringes

fromvol onteers who were asked to run for 1 mn

at
fabl powahethdd Ofod efroligtih t i N-
£ o ol e BRSIREINAN T4

natural killer cells (NK) in the
dpeaiylgtncesamingliiranderpse I fRBSitn ot B¢ Shgalnstpsyifradaferase Myivity

. i st -1077..Th di ent .
o Sppti St Bt B S oRERHEr il 25 T B Rt fahsions
( BI)witigtthoadprdssionlsSsaidhie1difhad Bhdamg a0 fididH pdlypep@de and

PBMC was c¢ollected and washed with PBS (50nlL per

c EfoEeRRHIHd fusiogralipepiide) frem dhavgrwiiant elturgy
centrifugation at 300g for 10 mn at RT. After
resuspension of the pellet with PBS the PBMC were
c80nt ed\ arthodafdredodififeg el gtycorylitjonc protfild bl gapoigpertide
200g, for, 10 mn gt RT. The cells were then resuspended
i A9 8@%@()?&1&% C&ﬁew%?:ﬁﬂtﬁﬂmretiuq%lr% B&id digeiell the nucleic
PLOAHURESne of claims 1-19.

31. A method for modifying the glycosylation profile of a polypeptide
produced by a host cell, comprising introducing into said host cell the expression

vector of claim 20.

32. A method according to claim 30 or 31, wherein said polypeptide is IgG or
a fragment thereof.

33. A method according to claim 32, wherein said polypeptide is IgG1 or a
fragment thereof.



[0344] The Raji target cells were washed i n PBS,
counted and resuspended in DVEM 10% FCS, 1% d ut amax
w@00d/0b45@0 per m . To these, 1:100 cal cein was PEUtE2004/000844

and cells were incubated for 30 min at 37C. Cells were
then washed in PBS, counted and resuspended in AlMV

at 0.3 Mo per M. O this cell W 2004/ 065540
PCT/ |1 B2004/ 000844 -127 su‘%%%nsi on, 100 pl were added

per well of a round bottom 96 well plate. Antibodies
were diluted in AIMYV, added in 50 ul to the preplated

t #-get Acepthed aggeadiag towein 38, bihadit sid belybegtietis affogion

[ naat .as_eff s . d
L0yl s P L LERL B o5 gl B SERRS”

25:1. The effector <cells were prepared at 15 Mo per
%in ALMV nediumand 50 .il were added per well.
The pl Athosteal] engnassadely cxoresd ahlvastonatnualaE adid ancoding a

hghof i r ai_ni 5% . I1s_were.
e R TR BB L AN B Sl eensEaei Srieee
oféld eldk-galéictosylhgneieratang@lityC &l ke MASInASHERIEH BYmodify the

asurc‘lxﬁgﬂf he calcein, re|leased in the medium after
[@é&oéa 5 e thiof areginntiia PRMPePHiEPSXiuced DB4B] host cell,
SRRABNEQNS b JIRAS fromwells containin
onl)() tar getp I;}Jrgg" ef%gg%tlor cfeIl Iﬁgth&ﬁ%lﬁ% Cg%ﬁlsftlﬁlgd‘?fg%.“’ho ©
Maiopdy moddcules len mﬁbcgﬂgtfeargtﬁane chnfl raOﬂilgl‘gﬁ IprSteinGAA iﬁj:lﬁﬂe]géga
only tar. el]s.and. 1% Triton X-100. Percentage o
sljpg)é%)lnfe ﬁ%lg’gfgﬂfﬁoﬁfa%@? FRsnaten wnyooglebula cal cul ated as
follows: ((x - SR/(MR - SR * 100, where x is the
mean of Vmax at a specific antibody concentration, SR
i30- t helhipdiwst cedfof vhaim 3f6,fwhhem@n 5330 pb]?zpqﬂidih praiueadisy AfithodR
[ : V) of. the maxi ma rel ease. EXAMPLE 7
U%leltl%f‘g%gg g?ne err%odf. Ant i - EGFR Monocl onal Anti body
to Treat Psoriasis [0346] Human patients with

ori ﬁﬂi%@can be treated with a glycoengi neered anti
ECFR pissHIof glarm Boavhenin srid polyperisie girariycedbst daiel host

R R 108r 4 ' len. In particular, the patient
recei ves &e@%ﬁ@\rﬁﬁ%@."g‘ns of the gl ycoengi neered
anti body at a | oadi ng dose of 400ng/ n2. Mai ntenance

ses of ,250 j.ng/. in2 are  adm nistered on a weekly
o1 < Mhstopteel ﬁ‘g?lé%ﬁ@%hﬁ&ﬁ%@lqi Bolypentiey pepduwyd by said host

2044 BGhGP pRecih kB2 WAL L84 8100 equivalent to the Fe region of a
human IgG.

39.  Thehostcell of claim 35, wherein said polypeptide produced by said host

cell exhibits increased Fc receptor binding affinity as a result of said

modification.

40.  Thehost cell of claim 35, wherein said polypeptide produced by said host

cell exhibits increased effector function as a result of said modification.

41. A host cell according to claim 35, wherein said fusion polypeptide

comprises the catalytic domain of B(1,4)-N-acetylglucosaminyltransferase III or

B(1,4)-galactosyltransferase.



-128 EXAMPLE 8 Use of d ycoengi neered Anti-ErbB2

Monocl onal Antibody in the Treatnent of Metastatic
wPe@snetse0 Cancer, Metastatic Breast Cancer, MNePEBTB20040000844

Col orectal Cancer, and Stage Illb or IV Non-Snal

Cell Lung Cancer. [0347] RhuMAb2C4 is a full-1length,

humani zed nonocl onal antiboﬂg (produced in CHO cells)

directed agai nst ErbB2. Rhu % 2C4 bl ocks the

associated of ErbB2 with other ErbB fam |y nenbers

t her eby |nh|b|t|ng intracellular signaling through
t HE2- Er bishpd cethespordipg vmbpim@, Wb@rexmlayl fuﬂmmlmptlﬂeﬁn'ther

o ouishiedt u, 30R BLRIGE e b Prgaen et

simihwleptide. [ 0348] A gl ycoengi neered form of RhuMAb 2C4

made by the nethods of the present invention can be

used as a single agent for treatnment of hornone-

et ont e AL B AR A LA i p 2 domain

mas Hetlatdlizatool dmedt af maamsatas@Ht | ents and patients

with stage Illb or IV non-small cell lung cancer.

Specifically, the glycoengi neered RhuMAb 2C4 is

aedgnkgl ;}} ﬁgseg?n 5&5@@@%@% ggle\ggl?%%gﬂdb&gn aég&éﬁo‘iﬁf f8in
rléﬁmég@ﬁlléailm Oﬂ'l}(d 2N -abagiglicesmmipplrandease I.a
nultl-dose liquid formulation (20 nL fill at a

concentration of 20 ng/nL or higher concentration).

[ 0349] A hosttéll adderdedgialcldiMa, \Rfﬂ&elh@i{ﬁ@dlémodiﬁé’at gdomam
pr.acticed otherwise than as particularly described in

t Hethedpeabisnting domadn pﬁféﬁléﬁ I\&ﬁ@letzelgmfrpa;mnylmnﬁmwu

nodi fications and variations of the present invention
are possible in light of the above teachings and,

t Her ef ok Rost a¢lbacebiditigto chémsig Opkereih shlh@oa@m&ﬁﬁ@ﬂmn domain
Ialng a503 50], The entire djsclosure of
pubhedogaligaiondoman el manapsidase 5, pat ent appl i cati ons,
journal articles, |aboratory manuals, books, or other
docunent's) cited herein are her eby i ncorporated by

r éf’er enfchost Wil ROGIQRAE6 Skiin H@Wh@&ﬂ@&ﬂ@ﬂﬂ)@%ahzalﬁﬁ domain

Lo el EA o omeaih e kAot My e e%\lag ¢ acid

48. A host cell according to claim 40, wherein said increased effector finction

—4

is increased Fc-mediated cellular cytotoxicity.

49.  Ahost cell according to claim 40, wherein said increased effector function

is increased binding to NK cells.

50. A host cell according to claim 40, wherein said increased effector function

is increased binding to macrophages.

51. A host cell according to claim 40, wherein said increased effector function

is increased binding to polymorphonuclear cells.



pol ypepti de, wherein said fusion pol ypeptide has

0(1,4)-N acetyl glucosam nyltransferase Il activity
W@r003/86s54a1) - gal act osyl transferase activity anpiCT/IB2004/000844

conprises the Golgi localization domain of a Gol gi

resi dent polypeptide. 2. An isolated nucleic acid

according to claim1l, wherein said fusion polypeptide

conprises the catal ytic doié@bn of (3(1,4)-N

acetyl gl ucosam nyltransferase [l or

0(1,4)-gal actosyltransferase. 3. An isolated nucleic

aghd agCRéHEdDackOrdfledb Blattn 40VREIRI N3 BinbrefZl YFfector fimction

| ocal i zati on domain 1s the localization domain of

mahmersaghsldunding tumonmgeytesol at ed nucl ei ¢ aci d accordi ng

to claim 3, having the nucl eotide sequence shown in

Figure 24 and SEQ ID NO 14. 5. An isolated nucleic

acBd acgchsstteibhctrdalgab Blaitn 40WREIRIimsaSdinbrebiRt @Ffector function

| gcal i zatj on domain 1s the | ocalization domain of

( 3¢ merepsqd diggebsighading dulisingApppiosiasf erase 1. 6. An

i sol ated nucleic acid according to claimb5, having the

nucl eoti de sequence shown in Figure 25 and SEQ I D

NG412. Alhoshrell @obrdirgdo tlaibh 40,evIREsiHsabcCioreaicd @fft@ochadtion

R Bl 74 O
acet y| o HepeaNicBYdtdAnshen g?;%vﬂef%n &i iﬁ@rehs%a'eﬁ&ég&éuo?cgﬁlon

nucl eic acid according to aim ereln sa

| dciakiczseadi Doelbipnming. i s t he | ocal i zati on domai n of
mannosi dase |. WD 2004/ 065540 PCT/ | B2004/ 000844 -130
9. An isolated nucleic acid according to claim 2,

wiser ei i $@btdcefohdordih® e lciatal 3R RWERERI fid $ctB&ptor is Foy
| ocal i zati on domain of al-6 core fucosyltransfeérase.
10cuymbinggenentosd nucl ei ¢ acid according to claim3
conprising a sequence that encodes a pol ypeptide
havi ng the am no acid sequence shown in Figure 24 and

SEQ | D ANayst ¢81 actdrdiviioi ck@aBoe theies] €ii CF @felchtaris FFRNYA
to claim5 conprising a sequence that encodes a

p&FSPEOBt i de having the anino acid sequence shown in

Figure 25 and SEQ ID NO 13. 12. An isolated nucleic

acid according to claim3 conprising a sequence that
58.  Ahost cell according to claim 35, wherein said host cell is a CHO cell, a

BHK cell, a NSO cell, a SP2/0 cell, a YO myeloma cell, a P3X63 mouse
myeloma cell, a PER cell, a PER.C6 cell or a hybridoma cell.

59.  Thehost cell of claim 35, wherein said polypeptide produced by said host
cell is an anti-CD20 antibody.

60.  The host cell of claim 59, wherein said anti-CD20 antibody is IDEC-
C2BS.

61.  The host cell of claim 35, wherein said polypeptide produced by said host
cell is the chimeric anti-human renal cell carcinoma monoclonal antibody
chG250.



hybri di zes under stringent conditions to a
hybri di zati on probe the nucl eotide sequence of which
W@ ogioe3530 of t he nucl eoti de sequence shown i n FCTIB26804000844
and SEQ ID NO 14. 13. An isolated nucleic acid
according to claim5 conprising a sequence that
hybri di zes under stringent conditions to a
hybri di zati on probe the nuobi%oti de sequence of which
consi sts of the nucl eotide sequence shown in Figure 25
and SEQ ID NO 12. 14. An isolated nucleic acid
a6Z:or dTlghdsd cell aifroldne dFPfuttBénehnipridguenkastadne th@8&dted
80% i.dentical_to the nucl eotide sequence shown in
Fruslrieacd engedingmn anpbodyanglecul.sind aptibady fagaepnh gk B dision
{

P EER YRR 418 ghh 2Ry RehTRdIT o of BRHERE SRntn
in Figure 25 and SEQ ID NO 12. 16. An |solated

| ei cid accor di to claim 3 conpri sing
@ﬁuenﬁﬁqﬁwﬁ iﬁ[agagg k- %@Wﬂéﬁf A OHSUPﬂE;lC&ﬁldz?H’PWéﬂg
aghidionRHPREElcAavIRGR1 4 S8 ﬁdeﬁgéﬂlb&%mﬁﬂtraﬁs?@a%l@@twuy

acid seéquence of Figure 24 a

200 416558kt aRgTah H206¢ /200084 4s opdlﬁhlylli'nkedntq sodoabtitdiive
nucl ei c ?Cld according to claim5 conprising a

§§85§%%§ Pﬁg{ encodes a pol ypepti de having an am no
acid sequence at |least 80%identical to the am no
aci d sequence of Figure 25 and SEQ ID NO 13. 18. An

i &bl at Bee hogteetliof clain §2 avkeaseinisrig at least pag Wasededipicieit avid

SERBAEDE Sl RIS B SN LAELIN W om
vilnbhodarnd antsﬂaidyvﬁaCéEﬁ nhe amrderﬁul.lhﬁt-hﬁmhm oas ctf.caf¥inoma

sol ated. nucl ei c Ld accarding to claim5 conpr|3|ng
;m% %ﬁét/ ché%é%dlé%cfamﬁap %farﬂatlma@ cplen ngﬂ@é reast

aéHr&ﬁOIﬁ&'IHOIﬁ%mﬁgp%ﬁtlw gFam dl SU%St It U1 | ons ]%ng }3 1A

W th conservative amn
extiges sionnclved tantibady 36220694 rthe Bemanizédsaltahwdam ctﬂbnectral

fa@'g}d S%Ctb r di :’:@%‘.’ P{Tgarﬁ%}l o fané:m;ia m{Icho]dy %hrecte& against GD3

Off;iﬁbm& REA W BlrHERSAN-Mhid [08HEELe4! (Jafdmoﬁ&ﬁibﬂdcﬁéﬁal

é_ &g alactosyltransferase activity and
PHE | g?.ig han agfi-giman EGFR antibody, an anti-human EGFRvII

antibody, an anti-human PSMA antibody, an anti-human PSCA antibody, an anti-

human CD22 antibody, an anti-human CD30 antibody, an anti-human CD33
antibody, an anti-human CD38 antibody, an anti-human CD40 antibody, an anti-
human CD45 antibody, an anti-human CD52 antibody, an anti-human CD138
antibody, an anti-human HLA-DR variant antibody, an anti-human EpCAM
antibody, an anti-human CEA antibody, an anti-human MUC1 antibody, an anti-
human MUC1 core protein antibody, an anti-human aberrantly glycosylated
MUCT antibody, an antibody against human fibronectin variants containing the

ED-B domain, or an anti~human HER2/neu antibody.

65. A method for producing a polypeptide in a host cell, comprising:
a. culturing a host cell engineered to express at least one nucleic acid
encoding a fusion polypeptide having B(1,4)-N-acetylglucosaminyltransferase ITT

activity or B(1,4)-galactosyltransferase activity under conditions which permit the



| ocali zati on domai n of a heterol ogous CGol gi resident
pol ypepti de. 22. A fusion pol ypeptide according to
wW@b@iuv31) conprising the catalytic domai n of PCT/IB2004/000844

0(1,4)-Nacetyl gl ucosam nyltransferase 11l or (3(1,4)-
gal actosyl transferase. 23. A fusion pol ypeptide
according to claim?21, wherein the Golgi ||ocalization

domain is the localizationldomain of mannosi dase 11 .
24. A fusion polypeptide according to claim 21,
wherein the Golgi localization domain is the
| pfRlubdt bpa PyRpdOEel8dtdd ZondNthe group consisting of a whole
acet yl gl ucosam nyltransferase I. V\% _2804/ 065540,
P@Ttiiody 0nd£ode gapntibadpirammens, dndsg Biiquaprgiséptbatigicludes a
according to.claim?2l. . rei.n th el | Lzat |.
et s B gt Bt PerBh i safthuieh
iﬁolyﬁeﬁti&éii@ékcggéﬁsédﬁﬁmhiadﬁ)uﬁCQﬂﬁdbﬁtgo hdifyaigvlbsaccharides

erein the lgi localizatjon domain is 1t1hed

; an

| Brteifzaegion otiwhpyeiPtids produpedpy said host ce

acetyl gl uco Loyt I1. 27. A fusion
pol ypegti de§%ggélggé%lﬁg)%%%é@e?m 21, wherein the Gol gi

| ocalization domain is the localization domain of al-6
care fucosy] transferase. . 28. ost cell .conprisSing.

CRE exph dedhosh S0uds 61 clefnidn 20ocsy S, ABOROROPRAPLde
PLOCPA LG Poatdipi QdnRRh YR P 1) Se adtan bBoshRidylthinstrase ITT or

acetyl gl ucosam nyl transferase 11" activity or

( B(Ldudalgddatitapsigkaseansf erase activity conprising
culturing the host cell of claim28 in a nedi um under
conditions allow ng the expression of said nucleic

ag7d encdingd addkding tosdlgim R WhBRR dattbfusidd polyp et finfiger
said fu3|ondgolypepp|de fromthe resultant culture..
30ompripgst edGelat legslirationndompia of ¢ distsrplagpusn Gotgfresident

of L ypeptide produced by a host cell, conprising
iﬁ?g@g é%ﬁg into said host cell the nucleic acid of

any one of clainms 1-19. 31. A nethod for nodifying the

gl ycosyl ation profile of a polypeptide  produced hy a
h&St c &t method aprordingip Glai &/ vty fraﬂff Golghlogalizgtion dmpin

t R RAPLBS N HonYeb bOhaoshlagd M 20. 32. A net hod
aécgkggﬁb to 2¥g¥n1§0 or‘glﬁ ngrein sai d pol ypepti de
is 1gG or

69. A method according to claim 67, wherein said Golgi localization domain

is the localization domain of B(1,2)-N-acetylglucosaminyltransferase I.

70. A method according to claim 67, wherein said Golgi localization domain

is the localization domain of mannosidase I.

71. A method according to claim 67, wherein said Golgi localization domain

is the localization domain of B(1,2)-N-acetylglucosaminyltransferase IL

72. A method according to claim 67, wherein said Golgi localization domain

is the localization domain of o, 1-6 core fucosyltransferase.

73. A method according to claim 65, wherein said polypeptide has increased

effector function as a result of said modification.



a fragnment thereof. 33. A nmethod according to claim
32, wherein said polypeptide is IgGlL or a fragnent

W bh@amafs40 WO 2004/ 065540 PCT/ 1 B2004/ 000844 - 1BGI/BBR0042000844
nmet hod according to claim 32, wherein said polypeptide
iIs a fusion protein that includes a region equival ent
to the Fc region of a human_ |1 gG 35. A host cel
engi neered to express at I-63&t one nucleic acid
encodi ng a fusion pol ypeptide having
0(1,4)-Nacetyl gl ucosam nyl transferase Il1l activity or
0(1,4)-gal actosyltransferase activity in an anount
syfficient to nodj.fy the _gligosaccharides in the Fe
r Z%u onAd?etEmg%HW to GIB /gt el ddnerepspdetfectasynction

| L ' ' cted fromthe group

2%ﬁ2§§??§gkg?&gaaﬁgﬁ%&ggﬁFﬁgggb?nolecule, an anti body
fragnent, and a fusion protein that includes a region
egui valent, to the.Fc reqgi of an imunogl obulin. 36.
ThE hosrmeapd acsprdinelo s 1 er e el ardeaet st fction
pisapiedd Bihdsd @ Nwstys.cel | is 19gG or a fragment
t hereof . 37. e host cell of claim35, wherein said

pol ypepti de produced by said host <cell is Ig@ or a

f ragment ereof ...38 The_host cell. of claim.35, .
b o BBl &8brauile B 723 her g TucaFas P lETon gefion
[ giﬁcrémﬂemdn{gxbeh@réﬂmﬁesj_ ncl udes a regi on equival ent
to the Fc region of a uman 1gG 39. The host cell of
cl ai m 35, wherein said pol ypeptide produced by said

host AL Cre ol _
afFi i G Bih bRERAT Sl AR e L5 Mg ion
hsgtcreaskdl bolding tainmer@bytewwher ei n sai d pol ypepti de
produced by said host «cell exhibits increased
effector function as a result of said nodification.

433, A Resdth&Eideo @r?gOcB‘é'laﬂﬁﬂ,owﬁér@ih'%ﬁ@mﬁr%Q& @f‘fd%‘rtrag?dr{l@té?n

fusion polypeptide " conprises the catalytic
Ofsinerpaskd Anding tglpebmsaphanpclenacdlker ase 111 or
0(1, 4)-gal actosyl transferase. WO 2004/ 065540
PCT/ | B2004/ 000844 -134

79.  Amethod according to claim 73, wherein said increased effector function

1s direct signaling inducing apoptosis.

80.  Amethod according to claim 73, wherein said increased effector function

is increased dendritic cell maturation.

81.  Amethod according to claim 73, wherein said increased effector function

is increased T cell priming.

82. A method according to claim 65, wherein said polypeptide produced by
said host cell exhibits increased Fc receptor binding affinity as a result of said

modification.

83.  Amethod according to claim 82, wherein said Fc receptor is Fc activating

receptor.



42. A host cell according to claim4l, wherein said
fusion pol ypeptide further conprises the Gol gi

WO owalossad i on domai n of a heterol ogous Gol gi rPCT/th2004/000844
pol ypepti de. 43. A host cell according to claim42,
wherein said CGolgi |ocalization domain is the
| ocali zati on domai n of mannosidase Il. 44. A host cell
according to claim42, whei#-n said Golgi |ocalization
domain is the localization domain of
0(1,2)-N-acetyl glucosam nyltransferase I. 45. A host
cghl agacgrEbddedordifl & Blatte 82 V@Eér@lh%aﬁial? Frecgitai is FeyRIMTA
| ocal i zation domain~ is the 1ocalization domain o
( Bdctpi@).- N- acet yl gl ucosam nyl transferase Il1. 46. A host
cell according to claim42, wherein said Golg
| ocalization domain is the |localization domain of

M@BNosiAdas@od acc%?dm?«tchélﬁf&n 68 lWheasi o4id Ipﬁg'pépnd?fl @bdncéa by
wherei n said ocal i zation domain is th

| @@ad |hpztae11 bes wmensqéfprwom@l @%bl@chdé&@yﬁqcplaﬁsd‘eé ipthe Fe
ording to claim40, wherein said

[ ﬁ%%l%%% S&Idel?(ﬁ@lepgggf unction is increased Fc-nediated

cel l ul ar cytotOX|C|ty 49. A host ceII accordlng to

cl ai m 40, wherein_said |ncreased eff.

t
i 861 eadepethod @pqp@dlpg todajp pP.ovhergin sai WB eEté%Cprloguced lbS
aceAHALNGI s & ALRLAA prINFEG) Or Ak oG BREG E{ABL,

i'S I ncrease Ing to nmacrophages.
hdeFccmlgionaxfcsmdqblob@epwdacl ai m 40, wherein said
i ncreased effector function is increased binding to
pol ynmor phonucl ear cells. WO 2004/ 065540

PGQH/ | BZOOALB08844 ordidd D05 8lai) BOStwieedih 86€ OhslifighsyRted

cl'ai m 40, wherein said i ncreased effector function is
|m¢geﬁ@éumbﬁmmﬁﬁ@bm@ monocytes. 53. A host cel
according to claim40, wherein said increased effector
function is increased direct signaling inducing

a3t 0SA Smefhdd Acdafdihg CRl Iclan@c @b diwigeréin edidi nolicosylated
wherein said increased effector function 1is increased

deligpsacrlearides prewampiett i on. 55. A host cell according
to claim40, wherein said increased effector function
is increased T cell primng.

89. A method according to claim 65, wherein said polypeptide produced by

said host cell has an increased proportion of bisected, nonfucosylated

oligosaccharides in the Fc region of said polypeptide.

90. A method according to claim 89, wherein said bisected, nonfucosylated

oligosaccharides are hybrid.

91. A method according to claim 89, wherein said bisected, nonficosylated

oligosaccharides are complex.

}

92. A method according to claim 89, wherein at least 20% of the
oligosaccharides in the Fc region of said polypeptide are bisected,

nonfucosylated.



56. A host cell according to claim39, wherein said Fc
receptor is Fcy activating receptor. 57. A host cel
wa@e@anaismyg to claim39, wherein said Fe receptPCT/IB004/000844
FCyRITTA receptor. 58. A host cell according to claim
35, wherein said host cell is a CHOcell, a BHK cell
a NSO cell, a SP2/0 cell, a YO nyeloma cell, a P3X63
mouse nyeloma cell, a PER1d& |, a PER C6 cell or a
hybri doma cell. 59. The host cell of claim 35, wherein
sai d pol ypeptide produced by said host <cell is an
angi - CRAnansd 1eEdtding0to TN ®S! vaRkdin Odt Cdadl 59O of the
wherein said anti-CDZ0O antibody is |IDEC- C2B8. 61. The
hesigosaeshariges cihaitlhn 3B weneiod saidd pobipgpfidst iage bisected,
produced said host cell is the chinmeric anti-human
r &R C%%@ﬁg%arcinona nmonocl onal anti body c¢ch@&50. WO
2004/ 065540 PCT/1B2004/ 000844 -136 62. The host cel

of claim35, further conprising at |east one

t P4nsedt aaethod cAcerrdinge ¢ B#HBLEIngvhgiciantl lsdly 30% of the
. | o n i o r 1. r 1

¢ RUECHE G EE AMhEPRy LRI se SRR oty BB

amohfosydgedbul in. 63. The host cell of claim 35,

wherein said at | east one nucleic acid encoding a

fusi on pol ypepti de havi ng

(361, 4)x Nngh6d VAcBbMGRS 3N ikt redNSiREEReal Idasf sy idfY the
or (3(1,4)-galactosyltransterase activity is operably

| iotigeshctlmrides oms tthe uF¢ veegiqr oxfotseid glodypspiide 6ate  Tisected,
host .cel | q% claim 62, wherein said at | east one
tﬁﬁﬂéﬁeﬁéﬁe ucleic acid encodes an anti-CD20

anti body, the chinmeric anti-human neurobl ast ona

nmonocl onal anti body chCE7, the chineric anti-human
rfal  ul tibady: preastedio hovd wagprsedrelicplon{inehoppodugddy
chi.ner. I Ok _qghd breast carcinona
ng%oceg%gﬁgéﬁﬁgggggmf§§§4ECkbﬁg%ﬁ&%ﬁnized anti - human
17-1A antigen nonocl onal antibody 3622V04, the

humani zed anti-human col orectal tunmor anti body. Asg%g
t 7 - antA1 AUHOAY FREBRY AR ta AtYeuBersass feceePidginiag adpnty

930Gh1c03 b B TRhod DPaf Ui ifuidB5 vBUMn sauamus- cel |

Cl nonma” nbnocCl ona

98.  An antibody according to claim 97, wherein said increased effector

function is increased Fc-mediated cellular cytotoxicity.

99.  An antibody according to claim 97, wherein said increased effector

function is increased binding to NK cells.

100. An antibody according to claim 97, wherein said increased effector

function is increased binding to macrophages.

101. An antibody according to claim 97, wherein said increased effector

function is increased binding to monocytes.

102. An antibody according to claim 97, wherein said increased effector

function is increased binding to polymorphonuclear cells.



anti body SF-25, an anti-human EGFR anti body, an

anti-human EGFRvI 1 anti body, an anti-human PSMVA
wa@ndioitloatfy) an anti - human PSCA anti body, an antPET/IBROe000844

CD22 anti body, an anti-human CD30 anti body, an

anti - human CD33 anti body, an anti-human CD38

anti body, an anti-human CD4Q anti body, an anti- human

CD45 anti body, an anti - huner- CD52 ant i body, an

anti-human CD138 anti body, an anti-human HLA-DR

vari ant antibody, an anti-human EpCAM anti body, an

anti - human CEA anti body, an anti-human MJC 1 anti body,

ant] - human MJUCl.core protej n antibody, an
0T A ARCERELY RTINS (1 slane, T ceiereivsen! invraassstigioor
duhdtioady dredisipahlidpiBicihs BAHRRG I n vari ants contai ning
the ED-B dorriagi%n, or an ga%gi - human HER2/ neu anti body.
65. A nmethod for producing a polypeptide in a host
celhl . A Sing: a. culturi a .host ce]| engi neered
(o prLallibgdy Seoting fo cliim I, igrgin sailcBatpdaciicctor
flusdtion iplcysaest ded@ribavdiN@aturation., o
(3(1,4)-Nacetyl glucosam nyltransferase Il activity
or (3(1,4)-gal actosyltransferase activity under

di t) A C 11 2004/.065540
AT HobBaT bR SRl S 00 AR A Bermaent rfistor
dehasioneslintreasad Heelgpamimgconsi sti ng of a whol e
anti body nol ecul e, an anti body fragnment, and a fusion
protein that includes a region equivalent to the Fe
16g] 0N\ hin@hdy ABIHRSH ' | I lon .
pol ypept i d?bidgraggpr esggg}(juiaﬁm a%i’qg&rr}%bé%? Ssgiﬁif Fclt' Elgcéaﬁ{ér o) Fe
ROV TeREDISIi gosaccharides in the Fc region of said

ypept.i roduced by .said host cel]l; and b.,
195 Do 45 Bl RS B 58 e oiaimmicbes o aFRilo
eéaptor.65 wherein said fusion polypeptide conprises
the catalytic domai n of
(3(1,4)-Nacetyl glucosam nyltransferase 11 or

GR&1, 4).- ransf erase. .67. A nethod according
188.; A S 06} AIMLACTRB58 e g5 ooy JBp higmtered o
congsed effedtiefitolig ptodaddd BRtHeOReMBABCEL g0 any one of
h@ter%?? ous ol gi resident polypeptide. §8. A’ et hod
SEUBY &~ g to claim67, wherein said Golgi |ocalization
domain is the localization domain of mannosi dase I1.
69. A nethod according to claim67, wherein said ol gi
162 al Azfsionpraieimethat includes a region equivalent to the Fc region of an

immunoglobulin and engineered to have increased effector function produced by

the method according to any one of claims 65-96.

110.  An antibody fragment containing the Fc region and engineered to have

increased Fc receptor binding affinity produced by the method according to any

one of claims 65-96.

111. A fusion protein that includes a region equivalent to the Fc region of an
immunoglobulin and engineered to have increased Fc receptor binding affinity

produced by the method according to any one of claims 65-96.



is the localization donmain of

(3(1,2)-Nacetyl glucosam nyltransferase |I. 70. A
woredohoessaccordi ng to claim 67, wherein said GoP@i/IB2004/000844

| ocalization domain is the |localization domain of

mannosi dase |. 71. A nmethod according to cl aim67,
wherein said Golgi localization domain is the

| ocal i zati on domai n of -142-
(3(1,2)-Nacetyl glucosam nyltransferase 1. 72. A

met hod according to claim67, wherein said ol gi

| nal i & phirpiacelnidal ddm poﬁltifoheoﬂngﬁﬁhg ZRlandBododRing oOElaidns
1-6 core fucosyltransferase 3.. A nethod according to
5?%191%@5‘amarglﬂ@ﬁeﬁtl%%ﬂYoﬁCS?Ht%@ﬁm@é has i ncreased
effector function as a result of said nodification. WO
2004/ 065540 PCT/ 1 B2004/ 000844 -138 74. A nethod

akiGor dA phartmacelt@ikiokiposivibe canyrisiey the amibbéps aghmeait bddiior
functi |ncr ased Fc- madl at ed, cel l.ul ar

W&ra%ne. tlfi DhATRASE WA AESPER KFaHderc| ai m 73,
wherein said |ncreased effector function 1is increased
binding to NK cells. 76. A nethod according to claim
784, wh pbimmaseaitibal pompesstach @ﬁrﬁmisir@thé degen protein of claims

re d binding to. MRCr o 77. A nethod
oorfgﬁ%m?sp Tlrg?ar‘fPP?t*oc, %B?aﬁﬁcélfr Ti ncreased ef f ect or
function is increased b| nding to nonocytes. 78. A

met hod according to claim 73, wherein said increased
efectdrmethnd tioprihe |tseatnmt eafseanopi pempLsing administering a

p [
CRLMRLAIRPUELE0R S8l PR E LB B et
délaientl 18i1g8ab b pati¢mdnsésdghapept osi s. 80. A net hod
according to claim 73, wherein said increased effect or
function 1is increased dendritic cell maturation.

th [ I iyl
ST 20 AR ool epifil FiaBg B oL ﬁé@@‘ﬁ‘ﬁ“
netnipdirecainidisteging e thesipautaally wiﬁtéctwmammrd qf mhybmiyt focke

pr oduced. by. said_hos el.l exhibits increased Fc
rI%‘E’éap’Pt %H%J s e @Fﬁ(’&% tfi@ ingproy et fqmpsFsing, aguinistering a
”ﬁ&@fa{o&ﬁﬁ%ﬂ@ Brfedive afholBE {108 AR6ABEudel bg tRd Mefdd of any

wherein sald Fc receptor 1s Fc tivatin
one of claims 65-96. ,

117.  The improved method of claim 117, wherein said antibody is an anti-

CD20 monoclonal antibody.

118. The improved method of claim 118, wherein said anti-CD20 antibody is
IDEC-C2BS.

119.  An isolated nucleic acid comprising a sequence encoding a fusion
polypeptide, wherein said fusion polypeptide has B(1,4)-galactosyltransferase
activity and comprises the Golgi localization domain of a Golgi resident

polypeptide.

120.  An isolated nucleic acid according to claim 119, wherein said fusion

polypeptide comprises the catalytic domain of B(1,4)-galactosyltransferase.



receptor. WO 2004/ 065540 PCT/I1B2004/000844 -139 84. A
nmet hod according to claim82, wherein said Fe receptor
WO 200609FRU0 | A receptor. 85. A nethod accor di ngPCDIBA0GH/090844

65, wherein said pol ypeptide produced by said host
cell has an increased proportion of bisected
ol i gosaccharides in the Fe region of said
pol ypeptide. 86. A method ddéording to clai m 65,
wherei n sai d pol ypepti de produced by said host cel
has an increased proportion of nonfucosyl ated
ol i gosaccharides in the Fc region of said
aﬁlypeptide 87. A method according to claim 86,

&l ei A% Aolptsth ARleis sipid reeprdink igoelaine Rarwhtesin il Golgi
h [Ha e : i to.claim.86 erein
sg?%h%§ﬁ§3?§§§F§?@§QC%?%gég%@gﬁgﬂf&g@na Zm8$§glex. 89.
A net hod according to claim®65, wherein said
p pepti de pr.oduced by . said _host cell has an
Y e P BrBHOR E vohiclh s uerisgaen inohfedewelpicasisdecording
Okdgﬁf@ﬁﬁﬂ@k&ﬂgqlngfhe Fe region of said pol ypeptide.
90. nmet hod according to claim89, wherein said
bi sect ed, nonfucosyl ated oligosaccharides are hybrid.

Sy, TR B e SISy
coompesing We GAIHELEAL A6 AbMHalt0of @ Iﬁilté'}bmgt&%e G@%‘? M€difent

at | east. 20% of the oligosaccharides in regl on
oPolyaeRiidsol ypepti de are bisected, nonfucosylated. WD
2004/ 065540 PCT/ 1 B2004/ 000844 -140 93. A net hod
according to claim89, wherein at |east 25% of the

oll24os actbinimépepiidd Mofding ROEAIN 993, SALBrRBIMREBAhESC
are bis %tegi nonf cosylated. 94. A nethod according
t §opiR A Peb)-galestesvliransterasast 30% of t he

125. A fusion polypeptide according to claim 124, wherein the Golgi

localization domain is the localization domain of mannosidase II.
126. A host cell comprising the expression vector of claim 122.

127. A method for producing a fusion polypeptide having B(1,4)-
galactosyltransferase activity comprising culturing the host cell of claim 126 in a
medium under conditions allowing the expression of said nucleic acid encoding

said fusion polypeptide and recovering said fusion polypeptide from the resultant

culture,

128. A method for modifying the glycosylation profile of a polypeptide
produced by a host cell, comprising introducing into said host cell the nucleic

acid of any one of claims 119-121.

129. A method for modifying the glycosylation profile of a polypeptide

produced by a host cell, comprising introducing into said host cell the expression

vector of claim 122.



ol i gosaccharides in the Fc region of said polypeptide
are bisected, nonfucosylated. 95. A nethod according
w0 0003l06§5m0 89, wherein at | east 35% of the PCT/IB2004/000844
ol i gosaccharides in the Fc region of said pol ypeptide
are bisected, nonfucosylated. 96. An anti body
engi neered to have increased effector function
produced by the method acdéfding to any one of clains
65-96. 97. An anti body engi neered to have increased Fc
receptor binding affinity produced by the nmethod of
any one of clains 65-96. 98. An antibody according to
claim97, wherein said increased effector function is
i AéPeadebogteclhpernpr®ag:cel | ul ar cytotoxicity. 99. An
ant i body ac di . Al Z,.Wherein sajd increase
o fector 1 afeti o S8t Bl ol NE AL mpRRER
1QAcodiy a ik pylypeside dwhgeinGatd AistonSolypspadehss Ha4)N-
increased effector_ function is increased binding to .
naestBlghisgeaminyiransiagase ML i (Gad\I1h ey ity apd comprisgsithe folgi
Lo sai d ngtd on i s increased
gﬁﬁ%ﬁgguﬁgk%gﬁggg?é@ﬁq?%%%€gg@gﬂ¥%%bﬁ§faccording to
claim97, wiey ei rnsapasiincyetsadnpiismgtaaiuclddanid imoteciike
i ncreased bj nding t ol rphonucl ear cell s,
GO BB RO PR By DR CUOBEL PEP e Parrsemgs ase fioay 1D
ageRyi).ng to claim97, wherein said increased effector
functi'on is direct signaling inducing apoptosis. 104.
An anti body according to claim97, wherein said

[ eased.effectar, . f ti.on.is.increased dendritic..
cdPl el PR <SHE o in TAR WD 3 PUCES AR TBO P g paorne
9 &aidvibigbo€plypeptide bhd se@medeiChdi@tbliculefeHidingdaidipdlypeptide
increased T cell primng. 106. An anti body according

t dlapinginpanogsidegedf actiyity areorrde seme gxpressien yastor.
activating receptor. 107. An antibody according to
claim98, wherein said Fc receptor is Fc7RII1la

r eiéept drhe host cell of claim 130, wherein said nucleic acid molecule encoding

said fusion polypeptide and said nucleic acid molecule encoding said polypeptide

having Man II activity are on separate expression vectors.

133.  Thehost cell of claim 130, wherein said fusion polypeptide comprises the
catalytic domain of GnT III.

134.  The host cell of claim 130, wherein said Golgi localization domain is the

localization domain of Man II.

135.  The host cell of claim 130, wherein said Golgi localization domain is the

localization domain of B(1,2)-N-acetylglucosaminyltransferase I.

136. Thehost cell of claim 130, wherein said Golgi localization domain is the

localization domain of B(1,2)-N-acetylglucosaminyltransferase II.

137.  The host cell of claim 130, wherein said Golgi localization domain is the

localization domain of mannosidase I.



108. An anti body fragnent containing the Fc region and

engi neered to have increased effector function
w@r@doeisdo by t he net hod according to any one oOPCT/tB2804/0844

65-96. 109. A fusion protein that includes a region

equi valent to the Fc region of an inmunogl obulin and

engi neered to have increasi%}effector function

produced by the nmethod accot'ding to any one of clains

65-96. 110. An anti body fragnment containing the Fc

regi on and engi neered to have increased Fe receptor

bi nding affinity produced by the nethod according to

a 0 f . clai .65-.96..111. si,on.protein t.hat
- uabBe B Gt Rus Dt ia G B ROP BT i e
| THRInRELA Bbinbih R, ERToRERESH 1 Mmshaye. | ncreased Fc
receptor binding afflnlty produced by the nethod
according to any one of clains 65-96. WO 2004/ 065540
P I Q ~ 112. A ph .

corbost it Bt esiet cliig ondhisfh BREDOBEENS Sdtereq pmyte
9¢grolip Bominting of BanamaRUbi €4l, byeae calthahisectaallior @ planidsll.
A pharnaceuti cal conposition conprising the anti body
fragment of claim 109 or claim 111 and a

P E% maggil hb& 2kl %or %&%ﬁpl%@p{zvﬁer%ﬁf §a.5c? host Jc%ﬁ gs lected from the

pharmaceuti cal comnposition conprising t usi on
pgaiupiconsfting &fi nGHOLd0, arBHK 2ehalN& Optrdl;, oaSPAL0 =il by O

CEREBIAAS it PSR it Rvebah sl P ERisel G BERR Ty nd =
ehimedonkeceount of the pharmaceutical conposition of

any one of <clains 113-115 to a patient in need
thereof. 116. An inproved nethod for disease treatnent

b d -cel |, depl eti C rising adm nisterin
ReFapal mosi o oF Pafe 100 RBER EORPPERE Botiyiosion Wb
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117, wherein said antibody is an anti- CD20 nonocl ona
ant2.bodie hdst 8ell dfivdaitnipin pwheleiimbidaticleic acldahotedilSencoding a
w%ftein.said ant | - CD2Q anti bady i s . . _
sion polypeptide, said nucleic acid molecule encoding a polypeptide having
Man II activity and said nucleic acid molecule encoding a polypeptide having

GnT II activity are on the same expression vector.

143. Thehost cell of claim 141, wherein said nucleic acid molecule encoding a
fusion polypeptide, said nucleic acid molecule encoding a polypeptide having
Man II activity and said nucleic acid molecule encoding a polypeptide having

GnT II activity are each on separate expression vectors.

144. Thehost cell of claim 141, wherein said nucleic acid molecule encoding a
fusion polypeptide is on one expression vector, and said nucleic acid molecule
encoding a polypeptide having Man II activity and said nucleic acid molecule

encoding a polypeptide having GnT II activity are on the same expression vector.



| DEC- C2B8. 119. An isolated nucleic acid conprising a
sequence encodi ng a fusion polypeptide, wherein said
wo eaio6sspol ypepti de has 13(1, 4) - gal act osyl t r anBEEIE2OG/000844
activity and conprises the Golgi |ocalization domain
of a Golgi resident polypeptide. 120. An isol ated
nucl eic acid according to claim 119, wherein said
fusi on pol ypeptide conpri-$4& tHe catal ytic domain of
0(1, 4)-gal actosyl transferase. W 2004/ 065540
PCT/ 1 B2004/ 000844 -143 121. An isolated nucleic acid
acLnr dTRghdR céll @omiz, 1 4MeR&tin seidinflcleR) agid mdlesidd dneadih@h
domain is the |localization domain of nmannosi dase |].
1¥enllAg oaxgie ez Biestion Beates anchsaith neelmgrackegolepule sapadtieg a
nducl ei c.aci c [ . 10, | ai :
1 g%}o% A)oflﬁ)sepgcri]@aﬁlgl%%% enp?llelcfea%h%\gl&ﬁgﬁg eﬁgodﬁlg% pgﬁlpéﬂtﬁfe}lg\;lng
0GhT4] aghligciresiy thersams kep@sdomeddtoti ty and conpri si ng
the Gol gi localization domain of a heterol ogous ol gi
resi dent polypeptide. 124. A fusion pol ypeptide
a r di i . ¢l < 3 i .
Gon b p oA 0 e, SRR S PRAdEaGRRIeg Cencoding
psdig At denane exmesspnivectol,andsdid duclek ecidimmlédude Bobding

| ocal.i zation domain i.s the |ocalization domai n aqf .
raifRe abOopiee sgsaidaigSie £ mofGls repRgeraspeptide
EXRViRS MANI Y85HQ ar®bn Bledhie b2gresstd vectorTet hod for
produci ng a fusion pol ypeptide having (3(1,4)-

gal actosyl transferase activity conprising culturing
thg ho?% C?|H gf C ?in1126 in a nediumunder

C(]5 %’i ti %Oss 8?}0%13{5 e expression of said nucleic

aci d encodi (g sahexpressi@NvaReroRptikiele aandelcarii@blcogle
said fusion polypeptide fromthe resultant culture.
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by a host 24P aB FEPIESH AV SCHRT CORRE G ainﬁwlalcsaéicgmﬂ@gvle

CehlodiflEa FIRPERRIE Mherein said polypeptide has mannosidase II (Man IT)

activity.

148. Thehost cell of claim 147, wherein said nucleic acid molecule encoding a
fusion polypeptide and said nucleic acid molecule encoding a polypeptide having

mannosidase II activity are on the same expression vector.

149. Thehost cell of claim 147, wherein said nucleic acid molecule encoding a
fusion polypeptide and said nucleic acid molecule encoding a polypeptide having

Man II activity are on separate expression vectors.

150. The host cell of claim 147, wherein said fusion polypeptide comprises the
catalytic domain of GalT.

151.  The host cell of claim 147, wherein said Golgi localization domain is the
localization domain of Man II.



vector of claim122. WO 2004/ 065540 PCT/ |1 B2004/ 000844
-144- 130. A host cell conprising: (a) an expression

WO e@io655¢@npri sing a nucleic acid nol ecul e enPCHIBRGO4000844
fusi on pol ypepti de, wherein said fusion polypeptide
has (3(1,4)-N acetyl glucosam nyltransferase 11l (GT
I11) activity and conprises the Golgi |ocalization
domai n of a Goli resident“&ﬁ?ypeptide; and (b) an
expression vector conprising a nucleic acid nolecule
encodi ng a pol ypeptide, wherein said pol ypeptide has
mb¥h l()STU@Ig@t 1l ¢ haiml 14y, Wgﬁ%in\/siiaid}(}oléﬁlbgalﬁafioﬁ@(frhaiﬁ@d the
0 . ai.m 130, . ' ai d_nucleic acid nol ecule
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aci d nol ecul e encodi ng sai d pol ypeptide having

mannosi dase Il activity are on the same expression
v ¥k or Thalysst cathef dirist 147 ewherein saldaGolgilldCalizabi@r @irfais & the

n j L d nol e..encodi.n sai d fusion
poﬁ§§%§??§%%%Wdﬁ3§ﬂé* U?F%%%“%@W@HHSW%E edhcodi ng
sai d pol ypeptide having Man Il activity are on
ngfrate expression vectors. 133. The host cell of
C .

m Taphosierl} eficlrimdidd. Whapiomaiddhylgepedldetiandmndis isthe
g&@%lfzgﬁgﬁé%hﬁv%mﬁlﬁsi&{se nT |11, 134. The host cell

alm erein sard Golgi localization domain
is the localization domain of Man Il. 135. The host
c of, claim 130, .wherein said Colgi |ocalization
dg#ai n{“l?esho[sh%el qiglaim; 144+ wheyein saidiGplgiflocalization domain is the

. ). | ' . 136. Th
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(
host cell of claim I'n sal
| ocalization domain is the |ocalization domain of

(A2, 2)-N-acetyl gl uco inyltransferase |I. 137. The
gt obhe G S af R 0 vekLiar: egf i selcied from the
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138. The host cell of 'claim 130, wherein said CGolg

| i-&ati N, i h l. | i iqn.d ' f
laﬁ%g- "\’theoljeogp F%g gg;c/]]rzl{r{l; gﬁé\gﬁ;e&g@%ﬁuf }%oasg Icgp is s%[g?:lteg f(r)om the
group consisting of a CHO cell, a BHK cell, a NSO cell, an SP2/0 cell, a YO
myeloma cell, a P3X63 mouse myeloma cell, a PER cell, a PER.C6 cell, and a

hybridoma cell.

158.  The host cell of claim 147, further comprising an expression vector
comprising a nucleic acid molecule encoding a polypeptide, wherein said

polypeptide has (1,2)-N-acetylglucosaminyl-transferase II (GnT 1) activity

159.  Thehost cell of claim 158, wherein said nucleic acid molecule encoding a
fusion polypeptide, said nucleic acid molecule encoding a polypeptide having
Man II activity and said nucleic acid molecule encoding a polypeptide having

GnT Il activity are on the same expression vector.

160.  The host cell of claim 158, wherein said nucleic acid molecule encoding a

fusion polypeptide, said nucleic acid molecule encoding a polypeptide having



139. The host cell of claim 130, wherein said host
cell is selected fromthe group consisting of a
woreommbisan cel |, a yeast cell, an insect cell PCT/EB2004/000844
plant cell. 140. The host cell of claim 130, wherein
said host cell is selected fromthe group consisting
of a CHOcell, a BHK cell, a NSO cell, an SP2/0 cell,
a YO nyeloma cell, a P3Xx8%¥8mouse rryel oma cell, a PER
cell, a PER C6 ceII and a hybridoma cell. 141. The
host cel |l of cIa|n1130 further conprising an
edpn élsmtmty\asd sad nuckermaraus inpiecaleninebding agolybeplieRi:
(gc,g(il%%%g t|de wherein said polypeptide has
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host cel | claim wher el n“sal d nucl el c aci
reeding a pelypertids gaving Codilbectival yrapt thdeymesaprbssioc veiar.
acid nol ecul e encodi ng a pol ypeptide having Man |
activity and said nucleic acid nolecul e encoding a

plsi2y p ePitei tubst deRoif elgim (B8] whiereds édiV hiidleidhi@d SRR RNcoding 2
jﬁ ate expression vectors. 144. The host cell of

$191 on eSS EFQL AR seidcnuskielagie mededude erm@dmgrvg
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sai d el c acl ecu enco

Hawl Hgacwmy are oaché saneyexpnatsivaivdctoticl ei ¢ aci d nol ecul e
encodi ng a pol ypeptide having G1T Il activity are on
t he sane expression vector. W) 2004/ 065540
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146. The host cell of clai 41, wherein said nucleic

acid nolecule encoding said G11T Il is on one

re v nue C_ac | ecul e
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165.  The host cell of claim 158, wherein said Golgi localization domain is the

localization domain of Man II.

166.  Thehost cell of claim 158, wherein said Golgi localization domain is the

localization domain of B(1,2)-N-acetylglucosaminyltransferase I.

167.  Thehost cell of claim 158, wherein said Golgi localization domain is the

localization domain of $(1,2)-N-acetylglucosaminyltransferase II.

168.  The host cell of claim 158, wherein said Golgi localization domain is the

localization domain of mannosidase 1.



having Man |l activity are on the same expression

vector. 147. A host cell conprising: (a) an expression
WO e@o655¢0npri sing a nucleic acid nol ecul e enPOUiBG042000844

fusi on pol ypepti de, wherein said fusion polypeptide

has (3(1,4)- galactosyltransferase (Gl T) activity and

conprises the Golgi localization domain of a CGolg

resi dent pol ypeptide; and (1Y an expression vector

conprising a nucleic acid nolecule encoding a

pol ypepti de, wherein said pol ypeptide has mannosi dase

Il (Man Il) activity. 148. The host cell of claim

147 rein sai ucl ei c .aci.d | ecul e encodi a .
t bpon iatpRuciiicielain St e efR o bt aocietn i the
ene&izAgorPddRAid BE R bAd8rdMbrandRipsiesi dase 11 activity
are on the sane expression vector. 149. The host cel

of claim 147, wherein said nucleic acid nol ecul e

e e e PR S 8 AL TR
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host cell of claim 147, wherelin said fusion

pol ypepti de conprises the catalytic domain of GalT.
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| JRYFPRACFHP mopse pyRlomp gelh) 4 HER pelh gk ot and 2
(3 hriddmdceget yl gl ucosam nyl transferase |. 153. The
host cell of claim 147, wherein said Gol gi

| ocalization domain is the |1ocalization domain of

ol o hog; Y SRS 10 e 1 e @oegpgieo i encodine a
| ofagibh pakheptidéRaRing GoT MNhLtivikP& dt Zaki 028 nd81BRIaBid@hcoding
mannosi dase |. 155. The host cell of claim 147, _

whepelyperdtiedhaeyiggMandt artivitit iroan domerihsuf§cienieto modify the

| ogal i ' d iw of . al 6-N.core . fuc | {ransferase
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manma] i.an cell, a yeast cell, an insect cell or a )

is f a whole antibody molecule, an antibody fragment, and a fusion
pl @RsIsERg Pl

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

173. A host cell engineered to express at least one nucleic acid encoding a
fusion polypeptide having GnT III activity, at least one nucleic acid encoding a
polypeptide having Man II and at least one nucleic acid encoding a polypeptide
having GnT II activity in an amount sufficient to modify the oligosaccharides in
the Fc region of a polypeptide produced by said host cell, wherein said
polypeptide produced by said host cell is selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that

includes a region equivalent to the Fc region of an immunoglobin.

174. A host cell engineered to express at least one nucleic acid encoding a
fusion polypeptide having GalT activity and at least one nucleic acid encoding a

polypeptide having Man II activity in an amount sufficient to modify the



157. The host cell of claim 147, wherein said host

cell is selected fromthe group consisting of a CHO
W@ eio4/0684BHK cel |, a NSO cell, an SP210 cel |, BCV{B2004/000844
nmyel oma cell, a P3X63 nouse mnyel ona cell, a PER cell

a PER C6 cell, and a hybridoma cell. 158. The host
cell of cIa|n1147 further c%npr|5|ng an expression
vector conprising a nucl ei’®Y%ci d nol ecul e encodi ng a
pol ypepti de, wherein said polypeptide has

(3(1,2)-Nacetyl glucosam nyl -transferase Il (G1T I1I)
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host cell of claim rein said
pairydrepd byienid bogh celd eshibitseincreased leyfector ﬁnmmasoa‘ re§dt of said

modification.

178.  The host cell according to claim 177, wherein said increased effector

function is increased Fc-mediated cellular cytotoxicity.

179.  The host cell according to claim 177, wherein said increased effector

function is increased binding to NK cells.

180.  The host cell according to claim 177, wherein said increased effector
function is increased binding to macrophages.

181.  The host cell according to claim 177, wherein said increased effector

function is increased binding to polymorphonuclear cells.



165. The host cell of claim 158, wherein said Col gi

| ocalization domain is the |ocalization domain of Mn
WO 004066340 The host cell of claim 158, wherei n BEi/tB2004/000844

Gol gi localization domain is the |ocalization donain

of (3(1,2)-Nacetylglucosam nyltransferase |I. 167. The

host cell of claim 158, wherein said CGol gi

| ocal i zation domain is thelSlkocalization domain of

(3(1,2)-Nacetyl glucosam nyltransferase Il1. 168. The

host cell of claim 158, wherein said Col gi

| ocalization domain is the |ocalization donain of

nosidase. | .. WO 2004/ 065540 PCT/ | B2004/ 000844 -149
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cl ai m 158, wherein said host cell is selected fromthe

up £onsi sti of ..a nma | i cell, a yeast cell, an
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cluactionlid teradbed @ikdet ﬁgh%iﬁ%QﬁEudéﬁ laboptSsisel ected fromthe
group consisting of a cell, a BHK cell, a NSO
cell, an SP2/0 cell, a YO nyeloma cell, a P3X63 nobuse
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at | edshctimes ineedasdddendiitlc eacadivgion. f usi on
pol ypeptide having G1T Il activity and at |east one
nucl eic acid encoding a polypeptide having Man |1

aglsi vi ' b Cient I t he
o Gosa ot PLAENthe 1Ll 1377 wheEAL TashiSrd glfeotor
diedisndslinsyeasead Detlbptimoml. |,  wherein sai d pol ypepti de
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consi sting of a whole anti body nol ecul e, an anti body
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cedlidds 8 regidreeduivhldnt antht Reragi@LyT a6 0Asiuad LIRS wherein said
fusion polypeptide is expressed in an amount sufficient to modify the

oligosaccharides in the Fc region of said polypeptide produced by said host cell;

and

b. isolating said polypeptide.

187.  The method of claim 186, wherein said host cell is further engineered to

express at least one nucleic acid encoding a polypeptide having GnT II activity.

188. A method according to claim 186 or 187 wherein said fusion polypeptide

comprises the catalytic domain of GnT III.



whol e anti body nol ecul e, an anti body fragnent, and a
fusion protein that includes a region equivalent to

w0 b@4Bessuegi on of an i mmmunogl obin. 174. A hosPCTEB2004/000844
engi neered to express at | east one nucleic acid
encodi ng a fusion polypeptide having GalT activity
and at | east one nucleic acjd encoding a polypeptide
having Man Il activity in ar4nmount sufficient to
nodi fy the WD 2004/ 065540 PCT/ | B2004/ 000844 -150
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pob {lisdpedlidatiqr datuaie of mypnsesidishibst cel | exhibits
|ncreased Fc receptor binding affinity as a result of
said nodification. 177. The host cell of any of clains
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according to claim 177, wherein said increased
effector function is increased Fc-nediated cell ul ar
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i rit fhedecaizpiiondorain 8f slrq core fucosylramsfermite host cel |
according to claim 177, wherein said increased

effector function is increased binding to
mel@b ophagwsthod according to claim 186, wherein said polypeptide has increased

effector function as a result of said modification.

196. A method for producing a polypeptide in a host cell, comprising:

a. culturing a host cell engineered to express at least one nucleic acid
encoding a fusion polypeptide having GalT activity and at least one a nucleic acid
encoding a polypeptide having Man II activity under conditions which permit the
production of a polypeptide selected from the group consisting of a whole
antibody molecule, an antibody fragment, and a fusion protein that includes a
region equivalent to the Fc region of an immunoglobulin, wherein said fusion
polypeptide is expressed in an amount sufficient to modify the oligosaccharides
in the Fc region of said polypeptide produced by said host cell; and

b. isolating said polypeptide.



181. The host cell according to claim 177, wherein
said increased effector function is increased binding

wa 200pob3seor phonucl ear cells. WD 2004/ 065540  PCT/IB2004/000844

PCT/ 1 B2004/ 000844 -151 182. The host cell according
to claim177, wherein said increased effector
function is increased binding to nonocytes. 183. The
host cell according to cl ald$177, wherein said

i ncreased effector function is increased direct

si gnal ing i nduced apoptosis. 184. The host cel
according to claim 177, wherein said increased
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an | mmunogl obul in, wherein said fusion polypeptide is
ePph®SRF i n an anount sufficient to modify the

ol i gosaccharides in the Fc region of said pol ypeptide
produced by said host cell; and b. isolating said
p&l0gpept indthod a&0rdity & aleithidd, whereinanirhGod8 looahsatiendomain
sai ost. cell, is.further engineered to express at
|é%g?q%ﬁ'Zﬂﬁ@ﬁ%?ﬁthIHm@H@H@%H@-a pol ypepti de havi ng
GnT Il activity. 188. A nethod according to claim 186

or 187 wherein said fusion po;%geptiﬁe conprises the
c&0al ytA methodutaording Grcfaim 199, Wiere0eaid 6848 dgealization domain

LR R R
conprises the Golgi localization domain of a

het er ol ogous Col gi resi dent o _ o )
202. A method according to claim 199, wherein said Golgi localization domain

is the localization domain of mannosidase 1.

203. A method according to claim 199, wherein said Golgi localization domain

is the localization domain of B(1,2)-N-acetylglucosaminyltransferase II.

204. A method according to claim 199, wherein said Golgi localization domain

is the localization domain of a 1-6 core fucosyltransferase.

205. A method according to claim 199, wherein said polypeptide has increased

effector function as a result of said modification.

206. A method according to claim 186 or 196, wherein said polypeptide
produced by said host cell has an increased proportion of bisected,

nonfucosylated oligosaccharides in the Fc region of said polypeptide.



pol ypeptide. 190. A nmethod according to claim 189,
wherein said Golgi localization domain is the

wo o@alossad i on dormai n of mannosidase 1. 191. Ap@EIBROCH/000844
according to claim 189, wherein said Golg
| ocalization domain is the |localization domain of
0(1,2)-Nacetyl glucosam nyltransferase 1. 192. A
met hod according to clai mi88, wherein said ol gi
| ocalization domain is the |ocalization domain of
mannosi dase |. 193. A nethod according to claim 189,
wherein said Golgi localization domain is the

| pcal i zati on domain of .
53)({781 ;‘HR? thedacg n%r%eglél%ﬁl ROP:tvherein a3id Biseqted, nenfcosylated
claim 189, wherein said ol gi
I ocal fgczcg%:}%%]s%%b&ﬁ is the localization domain of a
1 6 core fili cosyltransfer ase. 195. A nethod according
cI ai,m rein ai ol ypepti.de, has_ i ncreased
A oM BacF o0 5 S0P AP i i OB ORIt
1(91 os&cﬁ&‘icﬁ@@rg&fmﬂlé@dum ng a pol ypeptide in a host
cell, conprising: 'a. culturing a host cell engi neered
to express at |l east one nucleic acid encoding a
MR ONpP ptide,.having .GalT act,i vi.ty a
one ‘a nu% éﬁ’? %%%oadln%r{gongp%%6pam%eé&§t aﬂaé?%g i/ﬁhe
| dligdehdcHhtidesU sl etheC dadirkgions ovhiaed ﬁ’(ﬁ?ﬁ@ ptidk N8re bisected,
producti on of a pol ypeptide selected fromthe group
%{S}dﬁ@ of a whole antibody nol ecul e, an anti body
fragnment, and a fusion protein that includes a region
equi valent to the Fc region of an i munogl obuli n,

V\Zﬂé)r ei A seilehdf aconting pol slpieptlode wikrdu pitera&d25% af the
unt i ci.ent t nodify the oligosaccharides in
égoﬁﬁccﬁ%‘;eﬁn“bf th§a| G pesiodhept | Wi ppluRrpEde hyres diggcted,

ngﬁltfu&e hiegand b. isolating said poI ypeptide. WO
2004/ 06 540 PCT/ 1 B2004/ 000844 -153 197. The net hod of
claim 197, wherein said host cell is further

I negred .t expr.ess at e nuclejc i d
o o) SRR do Floimhftbn MIETCTAGK, ity 0%106 o
éﬁb@&toﬁ&ﬁ&%dhﬁ" gtHeO Fe! kgl 96f Odaidl Odo1yhisigl N I%a'tﬁlsect o,

fusion pol ypeptide conprises the catalytic domai n

aprfucosyletedA et hod according to claim 198, wherein
sai d fusion polypeptide further conprises the ol gi
| ocal i zati on domai n of a heterol ogous CGol gi resident

212. A method according to claim 206, wherein at least 35% of the

oligosaccharides in the Fc region of said polypeptide are bisected,

nonfucosylated.

213.  Anantibody engineered to have increased effector function produced by
the method of any one of claims 196-212.

214. A pharmaceutical composition comprising the antibody of claim 213 and

a pharmaceutically acceptable carrier.

215. A method for the treatment of cancer comprising administering a

therapeutically effective amount of the pharmaceutical composition of claim 214

to a patient in need thereof.



pol ypeptide. 200. A nmethod according to claim 199,
wherein said Golgi localization domain is the

WO owalossad i on domai n of mannosi dase 1. 201. APCQEIBR0GH/000844
according to claim 199, wherein said Golgi
| ocalization domain is the |localization domain of
(3(1,2)-Nacetyl glucosam nyl transferase |. 202. A
met hod according to clai m-19%;, wherein said Gol gi
| ocalization domain is the |ocalization domain of
mannosi dase |. 203. A nethod according to claim 199,
wherein said Golgi localization domain is the
| ocal i zati on domai n of

( ?:4@ 2)A msthodt §or gredisingnd nolypondids fhaw ingeinfreascd0Re-madiated
lﬂ]ﬁ &8{19 glgtﬁos(fcgl mﬁ%llg)?lmgmer ein said ol gi

f1on 8 i zation domain of a

1 6 come fueﬁlsmhrtgreﬂﬂﬁf wua:slgme&@&toe& et MoshsAsAElERAcid
to claim199, wherein said é pept i de has i ncreased

eeneading Gplinand yleass one m@é@t gci ﬁn@ﬁlmg Moailk wader perlitions

ol M ol o b o e T AR B P ol S0 ime
i of 2 shskdintibogambleoulepdn dnitibedyt ﬁagmern(ﬁnft umhedet alieell region
8 S8 SR RGBS B eisBo i RopoRan 1oy ekl ot DAl (id o

agLR fi i GubRid ab MhE, thNBiBidd Bl ds *?1'1 Sﬂ?ﬁc F@ q%%n o£ said

nonf ucozél ated oli gosaccharl des are hybrid
mephyoept cm0du¢ﬁgl by seldahost 288, arwherherain $a1ddpdziypqmded1as
arides are ca

n Ucos I at sacc
%{}ﬁea © accgteg AR (te!)lg Pr{gﬁ%ty aGAEFEILQ g@d Ca?@‘%"ﬂt‘i‘fi
t he obi gos @ébﬂ}ei’t!ﬁh@lsdﬁ&‘poﬂ ef)ﬂi& lﬁﬁlﬂgfiﬁh@ﬁbe@ﬁt?cflﬁécﬂated cellular
ga{ptl de are bisecte nonf ucosyl ated. 210

Id¥eording to clai m 206, wherein at | east 25% of
the ol i gosaccharides in the Fe region of said
pol ypepti de are bisected, nonfucosylated. 211. A

nmet nod Tae aetitidg cladm@16) whe26i6 in VWBe ()] saidliost €adonRikedt
t he oll%a%aéé:cgfrldes in the Fc region of said
piasiras Freodmeadhol apithadysy | at ed.

218. The method of claim 216, wherein in step (a), said host cell comprises at

least one nucleic acid encoding an antibody fragment.

219.  Themethod of claim 216, wherein the expression level of GalT produces
an antibody molecule or antibody fragment that includes the Fc region of an

immunoglobin having increased Fc-mediated cellular cytotoxicity.

220. Themethod of claim 216, wherein said host cell further comprises at least
one nucleic acid encoding GnT III, wherein said GnT III is expressed in an
amount sufficient to modify the oligosaccharides in the Fc region of said
polypeptide produced by said host cell and wherein said polypeptide has

increased Fc-mediated cellular cytotoxicity as a result of said modification.



212. A method according to claim 206, wherein at |east
35% of the oligosaccharides in the Fc region of said
w@odogpessto de are bi sected, nonfucosyl ated. 21BCT/FB2R004/000844

ant i body engi neered to have increased effector

function produced by the nethod of any one of clains
196-212. 214. A pharnmaceutical conposition conprising

the anti body of claim213-8fd a pharnmaceutically
acceptable carrier. 215. A nethod for the treatnent of
cancer conprising admnistering a therapeutically

efflect Themamodsf angfont BECIRRAIITBGL I, %Ereﬁﬁﬁ@?/%r&ésf&ﬂ 18k1
claim214 to a patient in need thereof

2efoane e srwe pEfial B2 dbw BowseduT 11 sssufficientatonfirmobliséated
d F di at ed
S U L L g

, conprising: a.
culturing a host cell engineered to express at | east
cid _encoding GlT and at |east one

% @I"’ZI&% Shfd |°1?éml\/ﬁﬁ?al IWh?FFéPérthé oBKPPPTtivms of whisedted
p&[g@sicchﬁﬁieg 'ir?fﬂé%'r@é]oﬂ?o %te{v?m%o%e 2 aﬂg sglﬁltﬁé:f léon 1

he” group consi sting
ah@ﬁﬂéawntmagnent that included the Fe region of an
I mmunogl obul i n, wherein the expression | evel of one or
both of GalT or Man Il is sufficient to nodify the

0223) OSBiEC@thol &F clldimt 1181, RheFS00A tidechB cfhgo?ef?:lcﬂmg lgle
produced by said host céll and wherein sa

#&nyﬁ@btlde has increased Fc-nedi at ed ceIIuIar
cytotoxicity as a result of said nodification; and b.
i sol ating said pol ypeptide having increased

F224medTlad methee|df Wi 221y tefoth Ghitlbisedikd - o1iEBSacBRANRE 2R
cl 216, wherein in step (a), said host cel
é&%ﬁglses at | east one nucleic acid encoding a whole
anti body. 218. The nethod of claim 216, wherein in
step (a), said host cell conprises at |east one

M2l ei 'Eheambirlioé of anly oge afclainis ey H20agheRin sa?d Bost THE is
!ﬁ;{)g a| m 216, .wherein the expression |evel of
€ rfgod% group, corisistipg Qv a marRaiaa il apeasheells an insect
ﬂkﬂgﬁaﬂﬁmﬁﬁgﬁ i ncl udes the Fc region of an

I mmunogl obi n having i ncreased Fc-nedi ated cel | ul ar
cytotoxicity.

226.  The method of claim 225, wherein said host cell is a plant cell.

227. The method of any one of claims 216 or 220, wherein said host cell is
selected from the group consisting of a CHO cell, a BHK cell, a NSO cell, an
SP2/0 cell, a YO myeloma cell, a P3X63 mouse myeloma cell, a PER cell, a
PER.C6 cell, and a hybridoma cell.

228. A method for producing a polypeptide in a host cell, comprising:

a. culturing a host cell engineered to express at least one nucleic acid
encoding a polypeptide having a-Mannosidase IT activity under conditions which
permit the production of a polypeptide selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that
includes aregion equivalent to th;s Fcregion of an immunoglobulin, wherein said

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



220. The nethod of claim 216, wherein said host cel
further conprises at |east one nucleic acid encoding
w@nih4063540 wherein said G1T |11 is expressed i NPENIB2004/000844

amount sufficient to nodify the oligosaccharides in
the Fc region of said polypeptide produced by said
host cell and wherein said pol ypeptide has increased
Fc-nmedi ated cellular cytotexd7 ity as a result of said
nodi fi cati on. WD 2004/ 065540 PCT/ |1 B2004/ 000844 - 156
221. The nethod of any one of clains 216 or 220,

Lipost i f . .of :
e o O] e PG ap e Bhes TR SRS Sl b fbbiice
ol prgdezd blyariddest dell; ¢de Fc regi on of said pol ypepti de.

222. The met hod of claim 221, wherein the proportion
of bi sg%t ésé’tlatl&giSQ’G?QLYcPﬁ%?‘fed’ggd‘F‘%’?gPﬁéalﬁéloﬁfééilon to
total oligosaccharides in the Fe region is at | east

45 percent. 223. The nethod of claim 221, wherein said
bi sected ol igosaccharides are conplex. 224. The

od of ¢laim?221, ereiLn, sai d.bi sected ..
o bs A ktie W ISHT o1 S S SR wde produsey by
ongidliost tél E irckbased cBefor fNSIRI 3 aSéudh J¥Q81d B&dikicdtdn.

selected fromthe group consisting of a mamal i an

cell, a yeast cell, an insect <cell or a plant cell
2260 Th |_aj : A said. host cell
T 018 EOR heBlg BT R 2 Sl SRl led ifgtor
2 ifdnction28 thcredvet Bi-mednied detisiar egbloxicity. sel ected from
the group consisting of a CHO cell, a BHK cell, a NSO
cell, an SP2/0 cell, a YO nyeloma cell, a P3X63 nouse

myej10 naACﬁEtlhlo(li aacgcgéan%eﬂol cla ﬁ?ﬁv@@re‘i“ﬁlsl&ﬂ BfLadhd effector

hybri doma cel . . A netho or producing a

pdiupeienmt is deréasedbindisg tedKl gellsonpri sing: a. culturing a
host cell engineered to express at |east one nucleic
acid encoding a pol ypeptide having a- Mannosi dase |

aci3nyi tX Meded Jeedtdinki @NSlaiiob, wefdm tsaiﬁhﬁlcféﬁ%.u@'ﬁféc‘?é}
of a polypeptide selected fromthe group consisting o
a fupgimes mersapetiyindiol ée maeropbageant i body fragnent, and
a fusion protein that includes a region equivalent to
the Fc region of an imunogl obulin, wherein said

233. A method according to claim 229, wherein said increased effector

function is ingreased binding to polymorphonuclear cells.

234, A method according to claim 229, wherein said increased effector

function is increased binding to monocytes.

235. A method according to claim 229, wherein said increased effector

function is increased direct signaling inducing apoptosis.

236. A method according to claim 229, wherein said increased effector

function is increased dendritic cell maturation.

237. A method according to claim 229, wherein said increased effector

function is increased T cell priming.



pol ypepti de havi ng a-Mannosi dase Il activity is
expressed in an anmount WD 2004/ 065540

wWEDAhE3O04/ 000844 -157 sufficient to nodify PEEIB2004/000844
ol i gosaccharides in the Fe region of said pol ypeptide
produced by said host cell; and b. isolating said
pol ypepti de produced by said host cell. 229. A nethod
according to claim228, whéb&i n said pol ypeptide
produced by said host cell has increased effector
function as a result of said nodification. 230. A
metod AaGeRbEihnGdriing b sialhh 229, WiReifEd $oiypehiie RoGRAd
effector function rs increased Fc-nedi ated cell ul ar .
cpyorkheidt topll XBibits Anenseded Featsseptdl hipding e aimgswpof said
wher 'nfsaid I ncreased effector function is increased
bﬂq%ﬁ GPD NK cell's. 232. A method according to claim
229, wherein said increased effector function is

i ncreased binding to macrophages. 233. A nethod
a@3%r difngnethpdcpegording 20 claime? 3, Wheasin seiC Fe dgesgtor is Foy

ef f y f tion is increased binding to
p§$§ﬁ%@%ﬁ%ﬁﬁ@f9ar cells. 234. A nethod according to

claim 229, wherein said increased effector function

i's increased binding to mopocytes. 235. A netho
a8y di“hﬁlethd@f’%ﬂrﬁﬁng i@?la\nﬁg%%iyvﬁpe% it ﬁ%feés%tgﬂldeCYRﬂlA

effesgtor function is increased direct signaling
i nduci ng apoptosis. 236. A nethod according to claim
229, wherein said increased effector function is

i ncreasged dendritic cell. Jration, . 237, ne

e dbgef g peiPeSEctaih s et sl eLEg CIR0 cel o
efdert @1, af NSO ded) ai SPI/0 GRS S0 Tn@biha REIR FBX68Gnouse
2004/ 065540 PCT/ | B2004/ 000844 - 158 238. A net hod
acuysienngelt, @ BiiRareH, 2RER.Chsselt ef mbnidempyasiclpept i de
produced by said host cell exhibits increased Fe
receptor binding as a result of said nodification.
23810, A Aaietd aacsaoimditdelaind2Zd, aihBre23&id pdlgpapiide paiddedddy

receptor is Fcy ,activatjng receptor
said host cell is an anti-CD20 antibody.

243. A method according to claim 228, wherein said anti-CD20 antibody is
IDEC-C2BS. ‘

244. A method according to claim 228, wherein said polypeptide produced by
said host cell is the chimeric anti-human renal cell carcinoma monoclonal

antibody chG250.

245. A method according to claim 228, wherein said host cell further
comprises at least one transected nucleic acid encoding an antibody molecule,
and antibody fragment, or a fusion protein that includes a region equivalent to the

Fc region of an immunoglobulin.

246. A method according to claim 245, wherein said at least one transected
nucleic acid encodes an anti-CD20 antibody, the chimeric anti-human

neuroblastoma monoclonal antibody chCE7, the chimeric anti-human renal cell



240. A nethod according to claim 238, wherein said Fc
receptor is FcyRIII A receptor. 241. A nethod

w@ewaneismy to claim 228, wherein said host cel PCT/BB2804/000844
CHO cell, a BHK cell, a NSO cell, a SP2/0 cell, a YO
nyel oma cell, a P3X63 nouse nyeloma cell, a PER cell,
a PER C6 cell or a hybridoma cell. 242. A nethod
according to claim 228, wher¥tn said pol ypeptide
produced by said host cell is an anti-CD20 anti body.
243. A method according to claim 228, wherein said

aﬁa}dﬁ%ﬁ)nﬁﬁéél&%)inﬂ%%dy'c@@@‘i@%ﬁ@chigﬁﬂc afti HRRAR @olon, lung,

according to claim228; wherein said pol ypeptide
pravdpeesgt degcinased rotnsimakastibodysINGré, thtiureanizedantihatmand

| .cell carcino l, .antibo ch@&250. 245,
Le‘{}@%f&i;ﬁ@faﬁan' '&15‘300'535%59%&6 Wﬁg@ﬂﬁtﬁ?%@oreg‘fal
Céethin OfRelahE 8%inaih rh&@asmLaRibbaRaE i
nucl gi,cb:maci g e%&gigiaﬂg an ant?body m)Ibec%I eiaﬁ ﬁ%&ms}t b3

arganshejda kg terhimestc antifysnassqpraeustaslcAginomanenrpshonal

r egi.: ' l.en reci of .

| EB0e A S RS R CeR BRI, o Bl humnan RGERVID

whaitidbdy, aa atti-Atimbhe RSM 204Ribbd ) ais &ti-Bithnan R8T & huttibddiy,Gn anti-
the chimeric anti-hunan

d ti-CD20 anti bod

O BIEEY D22 L PRHTo AR GRATHUEIE] GO ARitRoRy,  fait-BRAR (LSS
- 004

2 Mo BT of P atnat EbSS R EIR B TR FRRABSLOAAGE:

¢ Hiungani CDAR eintitodypm ewi-bwnat G2 antibaldsh ee asti-hoaraoi Gl 18
cl | anti bod 1, the h i zed anti-h

T palh e S BB LHtanh SAUboss Sogan Tiprn EPCAM

huBiRbaE dn ami-huRHEE ACBb&E b hnti-hihwRE VANt 1 hambd ,Qa%d%lti-

the anti-human nel anoma_ant’i body directed agains
gaitsnanodMifel rowg proteen eitihedyi en anti-humanahersenibnglysosybitdd

C o8 nQcl omal .. antihod -25.  .an_anti - hunman
) R0 96 LRy, A I e e S cRe the
angD-BdomainPSVhnihintnaa dYAGan afibbdh e alBGAman HTHF e
an anti- human CD22 anti body, an anti-hunman CD30

ardi88e:, an anti-human CD33 antibody, an anti-hunan
CD38 anti body, an anti-human CD40 anti body, an anti -
human CD45 anti body, an anti-human CD52 anti body, an
anl47. huraretifddla88ording to claim 228, wherein said polypeptide produced by

said host cell has an increased proportion of bisected oligosaccharides in the Fc

region of _said polypeptide.

248. A method according to claim 228, wherein said polypeptide produced by
said host cell has an increased proportion of nonfucosylated oligosaccharides in

the Fc region of said polypeptide.

249. A method according to claim 248, wherein said nonfucosylated

oligosaccharides are hybrid.

250. A method according to claim 248, wherein said nonfucosylated

oligosaccharides are complex.



anti body, an anti-human HLA-DR vari ant anti body, an
anti - human EpCAM anti body, an anti-human CEA
wa@ndioitloetfy) an anti - human MJUCL anti body, an antPET/IBROe000844

MUC1 core protein antibody, an anti-human aberrantly
gl ycosylated MJC1 anti body, an anti body agai nst human
fibronectin variants containing the ED B donain, an
anti-human TAG 72 anti bodyl@* an anti-human HER2/ neu
anti body. 247. A nethod according to claim 228,
wherei n sai d pol ypeptide produced by said host cel
hes. anAinfetli R eskdiiea® ot 078, Afheliis €64 s&lyp%otide produced by
ol i gosaccharides in the Fc region of sa
pid) st icgB. hagn moms%@r@pmmrduqubtsectgd anonfRe@ylated

. ced sai d host cel
ngg&@&ﬁh%@#gggglﬁﬂﬁg1og &W9 j% cosyl at ed
ol i gosaccharides in the Fc reglon of said

249. A nethod according to clai m 248,

eptide.
Sﬁ gl methoql 45eMAingsa glem 23, “&erqg@mblh%atffddé@n@c@ylated
M@ob&chgﬁﬁsaétgghgod according to claim 248, wherein

said nonfucosyl ol i gosacchari des are conpl ex. WO
2004/ 065540 PCT/1B2004/000844 -160 251. A nethod

ording.to claim22 i.n sai d_pol ypepti de
L ch i e ameZ e teiol P T, Fdrei s e Bonfucosylated

RIPEIcchae brdtopffid€d, nonfucosyl at ed
ol i gosaccharides in the Fc region of said polypeptide.

252. A nethod according to claim 251, wherein said

jSect o] fucosyl at ed oI| sa chari des arge hybrl
7 e BB BRI Sai pfn e vhore A of the
hjl'fgecetcehiand&@ if e Q‘«%Yé%bl@éf safd p&wa@ afd &%ﬁc@%ﬁated
conpl ex. 254. A rue hod according to claim 248

wherein at |east 20% of the oligosaccharides in the

regi S e d nonf u
Rt o ea el YO R348 SHRRRLIAR R T o8,
afligobeecharideg irsthe Fo agdicle st dafd lbél?pdf)@ldé et R fikbs &ﬂ%@.
pol ypepti de are nonfucosyl ated. 256. A netho

according to claim 248, wherein at |east 30% of the

A5690SACHBRARH dﬁ:%o éﬁ]ngt & Jefim’ 998 Ogvhgxfeirf‘ 3k 420! BERLF R

are nonfucosyl ate
oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

257. A method according to claim 248, wherein at least 35% of the

oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

258. A method according to claim 248, wherein at least 40% of the

oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

259. A method according to claim 248, wherein at least 45% of the

oligosaccharides in the Fc region of said polypeptide are nonfucosylated.

260. A method according to claim 248, wherein at least 48% of the

oligosaccharides in the Fc region of said polypeptide are nonfucosylated.



257. A method according to claim 248, wherein at |east
35% of the oligosaccharides in the Fc region of said

w@oingpoelsto de are nonfucosyl ated. 258. A net hodPCT/IB2004/000844

according to claim 248, wherein at |east 40% of the

ol i gosaccharides in the Fc region of said pol ypeptide
are nonfucosyl ated. 259. A nethod according to claim
248, wherein at |east 45%Ildfl-t he ol igosaccharides in
the Fc region of said pol ypeptide are nonfucosyl at ed.
260. A nethod according to claim 248, wherein at | east
%0 of A BiGibodY 'eﬂélﬁé’éfé‘d‘l%rh'a{;@ﬁlcféaséd@fe%r ﬁﬁﬂh@rﬁg‘éﬁu%'b@r
pol ypept t de are honfucosyl ated. WO 2004/ 06554
RETMeBROMcBO0828. - 161 261. An antibody engineered to
have increased effector function produced by the

nmet hod of claim 228. 262. An anti body engi neered to

hesee | Ag be@sRe dnginkaed s ﬁﬁvebmeféagea 1 feb&ptdbindih g dEERE,
by the nethod of claim228 63. An antibody according

tisoducatl By Himethnd ob¢laing 3281 |ncr eased effector
function i s increased Fc-nedi ated cel |l ul ar
cytotoxicity. 264. An antibody according to claim 261,

VS ei An sltibbdyngocerisgdicetlhee 61, whetssit 2 ircBeak @il Effeted
binding to NK cells. 265. An antlbody according to
cﬁ“ﬁ?tiﬁnzlé mereised E‘F‘Hleé‘éﬁeél selelkeagewxistthect or  function
is increased binding to nacrophages. 266. An anti body
according to claim 261, wherein said increased
eIddect An anfiboryt acenrdigg toncleima26d, Wherdinngpid monesat yifesor

An _anti bo to claim261, wherein said
ﬁ&?té%{’sl@&mé‘?a?%(g%ﬁ mg?%ﬁt!{]%&ﬁ is increased binding to
pol ynor phonucl ear cells. 268. An anti body according to
cIa|n1261 Wherein said increased effector function
i 205dli réntangbtgiyaaqcngiililmmdah@ 2&pophersinssai® dgreased effector
alﬂl b9 é accor t’l gmg J gGel wherein said
AsBAErPec'orme %H%?WB §% i ncreased dendritic

cell maturation. 270. An antibody according to claim
261, wherein said increased effector. function is

i 40 eadBANYORA fccprding Hyclapry 261 ARheigi wod yncaensest afferior
t Bl ik GGrse DRGSR, FRndc s, F ECEPLOr is Fe

267. An antibody according to claim 261, wherein said increased effector

function is increased binding to polymorphonuclear cells.

268. An antibody according to claim 261, wherein said increased effector

function is direct signaling inducing apoptosis.

269. An antibody according to claim 261, wherein said increased effector

function is increased dendritic cell maturation.

270. An antibody according to claim 261, wherein said increased effector

function is increased T cell priming.

271.  An antibody according to claim 262, wherein said Fc receptor is Fc

activating receptor.



activating receptor. W 2004/ 065540 PCT/1B2004/000844

-162 272. An anti body according to claim 262, wherein
W@ 200d/0658540 eceptor is FCyRIIla receptor. 273. PEI/IB2004/000844

anti body fragnent containing the Fc region and

engi neered to have increased effector function

produced by the nethod of claim228. 274. A fusion

protein that includes a reft?on equivalent to the Fc

regi on of an imunoglobulin and engi neered to have

i ncreased effector function produced by the nethod

according to claim228. 275. An antibody fragnment

C aining.the Fc region and engi neered to have
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nRLiag: according to claim228. 276. A fusion protein

that includes a region equivalent to the Fc region of

an i nmunogl obulin and engi neered to have i ncreased Fc

r ptor bindjng affinity . produced by the pethod of

c??? m %ﬂ@%ﬂl‘%"ﬁf W&P%%@%i tﬁ%\FC Eegifbd gnggpeered to have

CBRRbl Jfclop Buribh PR-McR byARY ni%fthoﬁ'cﬂ*cfag 6;%@.1' 272 and

a pharmaceutically acceptable carrier. SN

phar maceuti cal conposition conprising the antibody

f me I /3. or claim?275 and a )

e e et BioP e gt £righ sadivafeghis thare region of an
pinannmpdiblio ahd EQIRREIh Bk eGAEMRAS bTtctbi MinfiésipRiliuced by
H@oteln of clainms 274 or 276 and a pharnmaceu |caITy
l0E Bt accrdng taclaim@ss. A nethod for the treatnent of
a tunor conprising admnistering a therapeutically

ef fective anmobunt of the pharmaceutical conposition of

aditp. ondn eftibatlydtagmeR ¥ dorRatBink ehaF @ Bgi@ind dhgRe€d to have
ther eof... WD 2004@09,554? PCT/ | B2004/ 000844 -163 281.
ARCieRSSH FreigesRiPThE g ralinibe preduced by rha mapseascending to

B8l dogdepl etion conprising administering a
therapeutically effective anount of antibody to a

human subj ect in need thereof, the inprovenent

Cé);gpri i.ng adm ni steri a therapeutically effective
am)Untgo g%prg}ﬁu? @jﬂg ¢ %?@Hmkﬁﬂgf‘ﬁ g the He srzien of am
immunoglobulin and engineered to have increased Fc receptor binding affinity

produced by the method of claim 228.

277. A pharmaceutical composition comprising the antibody of any of claims

261-272 and a pharmaceutically acceptable carrier.

278. A pharmaceutical composition comprising the antibody fragment of claim

273 or claim 275 and a pharmaceutically acceptable carrier.

279. A pharmaceutical composition comprising the fusion protein of claims

274 or 276 and a pharmaceutically acceptable carrier.

280. A method for the treatment of a tumor comprising administering a
therapeutically effective amount of the pharmaceutical composition of any one of

claims 277-279 to a patient in need thereof.



228. 282. The inproved nethod of claim 281, wherein

said antibody is an anti- CD20 nonocl onal anti body.
wWQ3B4/0d45¢0 net hod of cl ai m 228, wherein sai d nuBCEIB2004/000844

acid nolecule conprises SEQ ID NO 17. 284. The net hod

of claim 228, wherein said pol ypeptide having a-

Mannosi dase Il conprises SEQ I D NO 18. 285. An

i sol ated nucleic acid nol868d e according to claim121

conprising SEQ ID NO 19. 286. A fusion pol ypeptide

according to claim 125 conprising SEQ | D NO 20.

281.  An improved method for disease treatment based on B-cell depletion
comprising administering a therapeutically effective amount of antibody to a
human subject in need thereof, the improvement comprising administering a

therapeutically effective amount of an antibody produced by the method of claim
228.

282.  The improved method of claim 281, wherein said antibody is an anti-

CD20 monoclonal antibody.

283.  The method of claim 228, wherein said nucleic acid molecule comprises
SEQ ID NO:17.

284. The method of claim 228, wherein said polypeptide having o-
Mannosidase I comprises SEQ ID NO:18.

285.  An isolated nucleic acid molecule according to claim 121 comprising
SEQ ID NO:19.

286. A fusion polypeptide according to claim 125 comprising SEQ ID NO:20.



