
FUSION CONSTRUCTS AK) USE OF SAME TO PRODUCE ANTIBODIES WITH INCREASED Pc
RECEPTOR BINDING AFFINITY AND EFFECTOR FUNCTION                 BACKGROUND OF
THE INVENTION Field of the Invention [0001]The present invention relates to
the field of glycosylation engineering of proteins. More particularly, the
present invention relates to nucleic acid molecules, including fusion
constructs, having catalytic activity and the use of same in glycosylation
engineering of host cells to generate polypeptides with improved therapeutic
properties, including antibodies with increased Fe receptor binding and
increased effector function. Background Art [0002]Glycoproteins mediate many
essential functions in human beings, other eukaryotic organisms, and some
prokaryotes, including catalysis, signaling, cell-cell communication, and
molecular recognition and association. They make up the majority of
non-cytosolie proteins in eukaryotic organisms, (User at, Eur. Biochem.
218:1-27 (1993)). Many glycoproteins  hive been exploited for therapeutic
purposes, and during the last two decades, recombinant versions of
naturally-occurring, secreted glycoproteins have been a major product of the
biotechnology industry. Examples include erythropoietin (EFO), therapeutic
monoclonal antibodies (therapeutic mAbs), tissue plasminogen activator (tPA),
interferon4, (IFN-P), granulocyte-naacrophage colony stimulating factor
(GMCSF), and human chorionic gonadotrophin (hCG). (Cumming at at,
Glycobiology1:115-130 (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, pharmacokineties, 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  glycoprotein function
can be made. For example, certain oligosaccharide structures mediate rapid
clearance of the glycopmtein from the bloodstream through interactions with
specific carbohydrate binding proteins, while others can be bound by
antibodies and trigger undesired immune reactions. (Jenkins eta)., Nature
Biotechnal. 14:975-81 (1996)). [0004]Mammalian cells are the preferred hosts
for production of therapeutic glycoproteins, due to their capability to
glycosylate proteins in the most compatible form for human application.
(Cumming el eL,Glyeobiology 1:115-30 (1991); Jenkins st at, Nature Biotechnot
14:975-81 (1996)). Bacteria very rarely glyeosylate proteins, and like other
types of common hosts, such as yeasts, filamentous fungi, insect and plant
cells, yield glycosylatiou patterns associated with rapid clearance from the
blood stream, undesirable immune interactions, and in some specific cases,
reduced biological activity. Among mammalian cells, Chinese hamster ovary
(CHC) cells have been most commonly used during the last two decades. In
addition to giving suitable glycosylation patterns, these cells allow
consistent generation of genetically stable, highly productive clonal cell
lines. They can be cultured to high densities in simple bioreactom using
serum-free media, and permit the development of safe and reproducible
bioprocesses. Other commonly used animal cells include baby hamster kidney
(BHK) cells, NSO- and 3P2/0-mouse myeloma cells. More recently, production
from trarsgenic animals has also been tested. (Jenkins et at, Nature
Biotechnol. 14:975-81 (1996)). 



(0005]All antibodies contain carbohydrate structures at conserved positions in
the heavy chain constant regions, with each isoiype possessing a distinct army
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
highmannose, multiply-branched as well as biantennary complex
oligosaccharides, (Wright, A., and Morrison, S. L., Treads Biotech, 1526-32
(1997)). Typically, there is heterogeneous processing of the core
oligosaccharide structures attached at a particular glyeosylation site such
that even monoclonal antibodies exist as  multiple glycoforms. Likewise, it
has been shown that major differences in antibody glycosylation occur between
cell lines, and even minor differences are seen for a given cell line grown
under different culture conditions. (I ifely, M. it era!,, Giycobiology
5(8):813-22 (1995)). [0006]Uneonjugated monoclonal antibodies (mAbs) canbe
useful medicines for the treatment of cancer, as demonstrated by the U.S. Food
and Drug Administration's approval of Ritocimab (Rituxannd; DEC
Pharmaceuticals, San Diego, CA, and Genentech hie., San Francisco, CA), for
the treatment of CD20 positive B-cell, low-grade or follicular Non-Hodgkia's
lymphoma, Trastuzumab (HerceptinTm; Genentech Inc,) for the treatment of
advanced breast cancer (Grillo-Lopez,el aL, Semin. Oncol. 26:66-73 (1999);
Goldenberg, M. M., Clin. Thor. 21:309-18 (1999)), Gerrituzumab (Mylotared,
CelltechlWyethAyerst) for the treatment of relapsed acute myeloid leukemia,
and Alem ruziunab (CAMPATIIrm, Makin= PhannaceuticalsiSchering AG) for the
treatment ofB cell chronic lymphocytic leukemia. The success of these products
relies not only on their efficaey but also on their outstanding safety
profiles (Grillo-Lopez, et al Semin. One& 26:66-73 (1999); Goldenberg, M. M.,
Clin. Ther. 21:309-18 (1999)). In spite of the achievements of these drugs,
there is currently a large interest in obtaining higher specific antibody
activity than what is typically afforded by unconingatcd mAb therapy.
[0007]One way to obtain large increases in potency, while maintaining a simple
production process and potentially avoiding significant, 'undesirable side
effects, is to enhance the natural, cell-mediated effector functions of enAbs
by engineering their oligosaccharide component (Umafia, P. et at, Nature
Biotechnol. 17:176-180(1999)). IgG1 type antibodies, the most commonly used
antibodies in cancer irrinunotherapy, are glycoproteins that have a conserved
N-linked glycosylation site at Asn297 in each CH2 domain. The two complex
biantennary oligosaccharides attached to Asn297 are buried between the CH2
domairs, forming extensive contacts with the polypoptide 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,  -4-
Glycobiology 5:813-822 (1995); Jefferis, R., et at, Irununol Rev. 163:59-76
(1998); Wright, A. and Morrison, S. L., Trends Bioteelmol. /5:26-32 (1997)).
[0008] The present inventors showed previously that overexpression in Chinese
hamster ovary (CHO) cells of j3(1,4)-N-acetylglucosaminy1transferase III
(GuT11.1), a glycosyltransferase catalyzing the formation of bisected
oligosaccharides, significantly increases the in vitro ADCC activity of an
antineuroblastoma chimeric monoclonal antibody (chCE7) produced by the
engineered CHO cells. (See Umaba, P. et at, Nature Biotechnot 17:176-180
(1999), International PublicationNo. WC) 49/54342, the entire contents of each
of which are hereby incorporated by reference in their entirety). The antibody
chCE7 belongs to a large class of uoconjugated mAbs which have high tumor
affinity and specificity, but have too little potency to be clinically useful
when produced in standard industrial cell lines lacking the GnTID enzyme
(Urbana, P., et at, Nature Biotechnot 17:176-180 (1999)). That study was the
first to show that large increases of ADCC activity could be obtained by
engineering the antibody-producing cells to express GnTlic which also led to
an increase in the proportion of constant region (Fc)-associated, bisected
oligosaccharides, including bisected non-fucosylated oligosaccharides, above
the levels found in naturally-occurring antibodies. 



[0009]The results of a number of studies suggest that Fc-reeepter-dependent
mechanisms contribute substantially to the action of c)totoxic antibodies
against tumors and indicate that an optimal antibody against tumors would bind
preferentially to activation Fe receptors and minimally to the inhibitory
partner Fc1RI1B. (Clyne,s, R. A., et al Nature Medicine 6(4);443-446 (2000);
Kalergis, KM., and Ravetch, J. V., I. Exp., Med. 195(12,1:1653-1659 (June
2002). For example, the results of at least one study suggest that the
FeyRIlla receptor in particular is strongly associated with the efficacy of
antibody therapy. (Carlton, G., et al., Blood 99(3).754-757 (February 2002)).
That study showed that patients homozygcus for Fcy1211la have a better
response to Rituximab than heterozygous patients. The authors concluded that
the superiorresponse was due to batter in vivo binding of the antibody to
Fe:y[2111a, which resulted in better  ADCC activity against lymphoma cells.
(Cartron, G., et al., Blood 99(3).754-757 (February 2002)). [0010]In addition
to ADCC, successful anti-cancer monoclonal antibodies often induce
Pc-independent direct signaling mechanisms that regulate target cell survival,
proliferation, or death by activating cell signaling cascades or blocking
access to growth factors. (Selenlco, N., et al., J. Clin, Immune?,
22(3):124-130 (2002)), For example, treatment of CD20+ B cells with Rituximab
has been shown to induce complement-mediated lysis and Mab-induced induction
of apoptosis as well as AD:X. (Selenko, N., et Clip'. Irnmunol. 22(3):124-130
(2002)), Moreover, the Rituximab induced apoptosis o f lymphoma cells not only
kills the cells but also promotes uptake and cross-presentation of lymphoma
cell-derived peptides by antigen-presenting.dendritic cells (DC), induces
maturation of DC, and allows the generation of specific cytotoxic T
lymphocytes (cat). BRIEF SUMMARY OF THE INVENTION [0011JRecognizing the
tremendous therapeutic potential of antibodies with increased Fc receptor
binding affinity and increased effector function, the present inventors
developed a method for producing such antibodies which involves engineering
the glycosylation profile of the antibody Fe region. [0012]The present
invention is broadly directed to methods for glycoengineering host cells to
alter the glycosylation profile of one or more polypeptides produced by that
host cell. The methods of the invention can be used to produced theraepeutic
antibodies with modified glycosylation in the Fe region, including reduced
fucosylation, wherein the antibodies have increased effector function and/or
increased Pc 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 areglycoengineered to express a nucleic acid molecule
encoding a fusion polypeptide with Gn fill catalytic activity or GaIT
catalytic activity. In a preferred embodiment, the fusion constructs are
coexpressed with a nucleic acid molecule encoding a polypepti de
havinghumanMann catalytic activity andior a  -6- nucleic acid molecule
encoding a polypeptide with thin catalytic activity. In yet another
embodiment, the glycoengineered polypeptides of the present invention are
produced by a host cell glynoenginetred to have increased expression of a
nucleic acid molecule encoding a polypeptide with Man 11 catalytic activity.
100131Accordingly, in one aspect the invention is directed to an isolated
nucleic 



acid comprising a sequence encoding a fusion polypeptide, wherein said fusion
polypeptide hPs [3(l,4)-N-acetylglucosaminyltransferase EU ("GnTIII")
activity and comprises the Golgi local iration domain of a Golgi resident
polypeptide. In one embodiment, the fusion polypeptide comprises the
catalytic domain of 11(1,4)-N-acetylglucosaminylnansferase M. In a further
embodiment, the Golgi localization domain is selected from the group
consisting of the localization domain of matuaosidase II, the localization
domain of P(I,2)-Nacetylglucosamthyltransferase I ("OnTin), the localization
domain of 13(1,2)-Nacetylglucosaminyltransferase H ("GnIll"), the
localization domain of mannosidase I, and the localization domain of al-6
core fucosyltransfraase. In a preferred embodiment the isolated nucleic acid
sequence comprises the nucleotide sequence depicted in FIG. 24 or FIG. 25. In
another preferred embodiment, the isolated nucleic acid sequence encodes a
polypeptide having the amino acid sequence depicted in FIG. 24 or FIG 25. In
yet another preferred embodiment the isolated nucleic acid sequence encodes a
po lypepti de having an amino acid sequence at least 80% identical to the
amino acid sequence in FIG. 24 or FIG. 25. (0014]In another aspect, the
invention is directed to an isolated nucleic acid comprising a sequence
encoding a fusion polypeptide, wherein said fusion polypeptide has
(1,4)-gRinc.tosyltransferase ("Garr) activity and comprises the Golgi
localization domain of a (iolgi resident polypeptide. In one embodiment, the
fusion polypeptide comprises the catalytic domain of 13(1,4)-
galactosyltransferase. In another embodiment, the fusion polypeptide
comprises the catalytic domain of P(I,4) gal actosyltransferase. In a father
embodiment, the Gulgi localization domain is selected from the group
consisting of the localization domain of mannosidase U, the localization
domain of [3( I ,2)-N-  acetylglucosarrinyltransferase I ("CmTr), the
localization domain of 13(1.2)-Nacetylgl Lica sarmnyltransferase 11
("Gnil1"), the localization domain of mannosidase I, and the localization
domain of al-6 core facosyltransferase. [001 .4]  In another aspect, the
present invention is directed to an expression vector comprising an isolated
nucleic acid comprising a sequence encoding a fusion polypeptide, wherein
said fusion polypeptde has 2(1 ,4)-Nacetylglucasaminyltransfense HI activity
and comprises the Golgi localization domain of a Golgi resident polypeptide.
In one embodiment, the expression vector encodes a fusion polypeptide
comprising the catalytic domain of 0(1 ,4)-Nacetylglucosaminyltransferase III
and the Golgi localization domain is selected from the group consisting of
the localization domain of mannosidase II, the localization domain of 13(1
,2)-N-acetylgtucosaminyltransferase I, the localization domain of
fi(1,2)-N-acetylglucosaminyltransferasc II, the localization domain of
mannosidase 1, and the localization domain of al-6 core fucosyltransferase.
[00161  In another aspect, the present invention is directed to an expression
vector comprising an isolated nucleic acid comprising a sequence encoding a
fusion polypeptide, wherein said fusion polypeptide has
13(1,4)-galactosyltransferase activity and comprises the Golgi localization
domain of a Crolgi resident polypeptide. In one embodiment, the expression
vector encodes a fusion polypepti de comprising the catalytic domain of {3(1
,4)-galactocyltransferase and the Golgi localization domain is selected from
the group consisting of the localization domain of mannosidase 11, the
locali7ation domain of fi(l,2)-Nacetylg,lueosaminyltransferase I, the
localization domain of p( 1,2)-Nacetylglucosaminyltransferase U. the
localization domain of mannosidase I, and the localization domain of al-6
core fucosyltransferase. [0017]In another aspect, the present invention is
directed to a host cell comprising an above-described expression vector.
[0018]In another aspect, the present invention is directed to a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
haying p(1,4)-N-acetylglucosaminyltransferase 111 ("emTIIP') activity in an
amount sufficient to modify the oligosaccharides in the Pc region of a
polypeptide produced by the host cell, wherein said polypeptide produced by
said  -8- host cell is selected from the group consisting of a whole antibody
molecule, an antibody fragment containing the Fe region, and a fusion protein
that includes a region equivalent to the Pc region of an inummoglobulin. In
one embodiment, the fusion polypeptide having (inTIII achvity comprises the
catalytic domain of p(1,4)-N-atetylgrucestunioryltransferase In andthe Golgi
localization domain of a heterologous Golgi resident polypephde selected from
the group consisting ofthe localization domain of numnosidase II, the
localization domain of ll(1,2)-Nacetylglimosaminyttransfentse I, the
localization domain of mannosidase I., the localization domain of
j3(l,2)-N-acetylglucosaminyltransferase II, and the localization domain of
al-6 core f-ucosyltransferase. [0019)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 p(1,4)-ga1actosy1transferase ("GAT") activity than amount sufficient
to modify the oil gosaccharid es in the Fe region of a polypeptide produced
by the host cell, wherein said polypeptide produced by said host cell is
selected from the group consisting of a whole antibody molecule, an antibody
fragment containing. the Fe region, and a fusion protein that includes a
region equivalent to the Pc region of an irornuno globulin. In one
embodiment, the fusion polypeptide having Gan activity comprises the
catalytic domain of 13(1,4)-galactosyltransferase and the Golgi localization
domain of a heterologous Golgi resident polypeptide selected from the group
consisting of the localization domain of mannosidase the localization domain
of ll{1,2)-N-acetylglucosaminyltransferase I, the localization domain of
rnannosidase I., the localization domain of 0(l ,2)-Niicetylglncoutuninyltra
nsferase II and the localization domain of al -6 core fucosyltransferase.
100201Preferably, the Golgi localization domain is from mannosidasc Et or
,2)-N-acetylglucosa micyltansferase I or, alternatively,
galactosyltransferase. [0021] in another aspect, the present invention is
directed to a fusion polypeptide having
13(1,4)-N-acetylglucosamthyltransferase III activity and comprising the Golgi
localization domain of a heterologous Golgi resident polypeptide. In one
embodiment, the fusion polypepddes of the invention comprise the catalytic
domain of 13(1,4)-N-acetylglucosaminyltransferase Ill. In another embodiment,
-9- the Golgi locali7ation domain is selected from the. group consisting of:
the localization domain of mannosidasc II, the localization domain of
13(1,2)-Nacetylglucosaminyltransferase I, the localization domain of
mannosidase I, the localization domain of
P(1,2)-N-acetylglueosaminyltransferase II, and the Localization domain of
al-6 core fucosyltransferase. [00221In another aspect, the present invention
is directed to a fusion polypcptide having 3(1,4)-gelactosyltranaferase
activity and comprising the Golgi localization domain of a heterologou.s
Golgi resident polypeptide. In one embodiment, the fusion polypeptides of the
invention comprise the catalytic domain of 13(1,4)- galactosylbransferase. In
another embodiment, the Golgi localization domain is selected from the group
consisting of: the localization domain of mannosidase the localization domain
of [3(1,2)-N-acetylglucosaminyltransferase I, the localization domain of
mannosidase I, the localization domain of
p(l,2)-NFicetyleucosaminyltreinsferase II, and the localization domain of
al-6 core fricosyltransferase. 100231Preferably, the Golgi localization
domain is from mammsidase IT or 3(1,2)-N-acetylglucosaminyltransferase I
("Crn TI") or, alternatively, galactosyltransferase ("Galr). [0024]In another
aspect, the present invention is directed to a method for producing a fusion
polypeptide having k1,4)-N-acctylglucos2minyltransferase III activity
comprising culturing a host cell of the invention in a medium under
conditions allowing the expression of the nucleic acid encoding the fusion
polypeptide and recovering the fusion polypep ti de from the resultant
culture. In one embodiment, the fusion polypeptide comprises the catalytic
domain of p(1,4)-N-acetylglucosarninyltransferase 111. Preferably, the fusion
polypeptide comprises the Golgi localization domain of a heterologcus Golgi
resident polypeptide selected from the group consisting of the localization
domain of' mannosidase II, the localization domain of
13(1,2)-Nacetylglucosaminyltransferase I, the localization domain of
mannosidase I, the localization domain of 13(l
,2)-N-acetylglucosamirayltransferase U, and the Localization domain of al-6
core fucosyltranaferase.  -10- 



[00251In another aspect, the present invention is directed to a method for
producing a fusion polypeptide having 13(l ,4)-ga1actosyltransferase activity
comprising culturing a host cell of the invention in a medium under conditions
allowing the expression of the nucleic acid encoding the fusion polypeptide
and recovering the fusion polypeptide from the resultant culture. In one
embodiment, the fusion polypeptide comprises the catalytic domain of fi(1,4)-
galactosyltransferase. 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 mannosidas,e IL, the
localization domain of ix 1,2)-N-acetyi gtuoosamiayitransierase I, the
localization domain of mannosidase I, the localization domain of
0(1,2)-Nacetylglucosaminyliransferase II, and the localization domain of al-6
core fucosyltransferase. (00261Preferably, the Golgi localization domain is
from mannosidase II or 1,2)-N-acetylg1ucosaminyltransferase I, or
gaiactosyltransferase ("Gaff"). 100271  In a further aspect, the invention is
directed to a method formodifdng the glycosylation profile of a polypeptide
produced by a host cell comprising introducing into the host cell at least one
nucleic acid or expression vector of the invention Preferably, the polypeptide
is IgG or a fragment thereofcontsining ining the Fe region of the polypeptidc.
In a particularly preferred embodiment, the polypeptide is IgG1 or a fragment
thereof containing the Fc region of the polypeptide. Alternatively, the
polypeptide is a fusion protein that includes a region equivalent to the Fc
region of a human IgG. [00281In 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 13(1,4)-Nacetylglucosaminyltransferase III activity or,
alternatively, 13(1,4)- galactosyltransferase ("GalT") activity, under
conditions which permit the production of a polypcptide selected from the
group consisting of a whole antibody molecule, an antibody fragment containing
the Fc region, and a fusion protein that includes a region equivalent to the
Fe region of an immunoglobn lin, wherein said fusion polypeptide is expressed
in an amount sufficient to modify  -11- the oligosaccharides in the Fe region
of said polyp eptide produced by said host cell; and (b) isolating said
polypeptide. Preferably, the fusion polypeptide comprises the catalytic domain
of 0(1 ,4)-N-acetylglucosaminyltransferase III or
13(1,4)-galactosyltransferase ("GalT") and further comprises the Golgi
localization domain of a heterologous Golgi resident polypeptide selected from
the group consisting of the localization domain of marmosidase II, the
localization domain of 13(1,2)-N-acetylglucosaminyltransferase I, the
localization domain of raannosidase I, the localization domain of
13(1,2)-Nacetylglucosaminyltransferase 11, and the localization domain of al-6
core fucosyltransferase. In preferred embodiment, the polypeptide produced by
the host cell has increased effector function and/or increased Fc receptor
binding as a result of the modification. In particularly preferred
embodiments, the increased effector function is increased Fc-mediated cellular
cytotoxicity, increasedbindng to NK cells, increased binding to macrophages,
increased binding to monocytes, increased binding to polymorphonuclear cells,
increased direct signaling inducing apoptosis, increased dendritic cell
maturation, and/or increased T cell priming, and the increased Fc receptor
binding is increased binding to an Fo activating receptor such as FcyltinA.
Preferably, the polypeptide exhibiting increased effector function and/or
increased Fc receptor binding is an antibody, antibody-fragment, or fusion
protein comprising a region equivalent to the Fe region of an immunoglobnlin
and has an increased proportion of nonfucosylated oligosaccharides in the Fe
region. [0029JIn another aspect, the invention is directed to pharmaceutical
compositions comprising the antibody, antibody fragment containing the Fe
region, or fusion polypeptide containing the Pc 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 Irt 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 13(1,4)-N-
-12- 



acetylglucosaminyltrarasfea-ase III (CmT 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 said
polypeptiole has mannosidase II (Mann) activity. In preferred embodiments, the
fusion polypeptide comprises the catalytic domain of GnTIll and the Golgi
localization domain is selected from the group consisting of the localization
domain of Mail, the localization domain of CmTI, the localization domain of
Gun, the localization domain of Maul, and the localization domain of a-I,6-
core-fucosyltransferase. In one embodiment, the host cell further comprises an
expression vector encoding a polypeptide having GET ll activity. The nucleic
acids molecules encoding the fusion polypeptide, the polypeptide having Mann
activity, and the polypeptide having &an activity can each be in separate
expression vectors or the same expression vector.      In an additional
aspect, the invention is directed to a host cell comprising an expression
vector comprising a nucleic acid molecule encoding a fusion polypeptide,
wherein said fusion polypeptide has 13(1,4)-galactosyltransferase (GalT)
activity and comprises the Golgi localization domain of a Golgi resident
polypeptide; and an expression vector comprising a nucleic acid molecule
encoding a polypeptide, wherein said polypeptide has mannosidnse II (Man II)
activity. In preferred embodiments, the fusion polypeptde comprises the
catalytic domain ofClnTffl and the Golgi localization domain is selected Brom
the group consisting o f the localization domain of Mann, the localization
domain of GnTT, the localization domain of Gran, the localization domain
ofManl, and the localization domain of a-1,6-con3-tmosyltransferase. In one
embodiment, the host cell further comprises an expression vector encoding a
polypeptide having Grail activity. The nucleic acids molecules encoding the
fusion polypeptide, the polypeptide having Manta activity, and the polypeptide
having CmTII activity can e-qch 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 GILT III activity and at least one nucleic acid encoding a
polypeptide having Man II  -13- activity in en 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 fragnent, and a fusion
protein that includes a region equivalent to the Fe region of an
irnmunoglobulin" [0031]In an additional embodiment, the invention provides a
host cell engineered to express at least one nucleic acid encoding a fission
polypeptide having enaTIII activity, at least one nucleic acid encoding a
polypeptide having ManlI activity and at least one nucleic acid encoding a
polypeptide having GnT II activity in an amount sufficient to modify the
ofigosaccharides 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 Fe region of an inummoglobin,
[00321In a further aspect, the invention provides a host cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having Garr
activity and at least one nucleic acid encoding a polypeptide having Man II
activity in an amount sufficient to modify the oligosaccharides in the Fc
region of a polypeptidc produced by said host cell, wherein said poLypeptidc
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 Fe region of an immimoglobin. (0033)In an additional
aspect, the invention provides a host cell engineered to express at least one
nucleic acid encoding a fusion polypeptide having Gaff 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 ofigosaccharides in the Pc region of a polypeptide
produced by said host cell, wherein said polypeptide produced by said host
cell is selected from the group consisting o fa whole tuitibody molecule, an
antibody fragment, and a fission protein that includes a region equivalent to
the Fc region of an immunoglobin,  



-14- (0034]In a further aspect, the invention is directed to a method for
producing a polypeptde in a host cell, comprising culturing a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
having CmT ME 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 Pc region of an immunoglobulin, wherein said fusion polypeptide is
expressed in an amount sufficient to modify the oligosaccharides in the Fe
region of said polypeptde produced by said host cell; and isolating said
polypeptidc. [00351In another aspect, the invention is directed to a method
for producing a polypeptde in a host cell, comprising culturing a host cell
engineered to express at least one nucleic acid encoding a fusion polypeptide
having Gall' activity and at least one a nucleic acid encoding a polypeplide
having Man LE 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 Fe
region of said polypeptide produced by said host cell; and isolating said
polypeptide. [0036]In an additional aspect, a method for producing a
polypeptide having increased Pc-mediated cellobn- cytotoicicity in a host
cell, comprising culturing a host cell engineered to express at least one
nucleic acid encoding CraJT and at least one nucleic acid encoding Man U
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 Pc region of an immunoglobulin, wherein the expression level of
one or both of GaIT or Mat 111 is sufficient to modify the oligosaccharides
in the Fe region of said polypeptide produced by said host cell and wherein
said polypeptide has increased Pc-mediated cellularcellular cytotoxicity as a
result of said modification; and isolating said polypeptide having increased
Pc-mediated cellular cytotoxicity.  -15- [0037}In another aspect, the present
invention is directed to a method for producing a polypcptide in a host cell,
comprising: (a) culturing a host cell engineered to express at least one
nucleic acid encoding a polypeptide having aMannosida.se II activity under
conditions which permit the production of a potypeptide selected from the
group consisting of a whole antibody molecule, an antibody fragment, and a
fusion protein that includes a region equivalent tc the Fc region of an
immunoglobi lin, wherein said polypeptide having ct-Mannosidase II activity
is expressed in an amount sufficient to modify the oligosaccharides in the Fe
region of said polypeptide produced by said host cell; and (b) isolating said
polypeptide produced by said host cell. [0038]In another aspect, the present
invention is directed to a host cell engineered to express at least oue
nucleic acid encoding a polypeptide having uMannosidase 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
immuno glob ulin, wherein said polypeptide having a-MannosicLase activity is
expressed in an amount sufficient to modify the oligusacchaddes in the Fc
region of said polypeptide produced by said host cell [0039]In yet another
aspect, the present invention is directed to polypeptides produced by such
host cells, particularly antibodies having increased effector fanction and/or
increased Fe receptor binding as a result of said modified oligosaccharidos. 



BRIEF DESCRIPTION OF THE FIGURES [0040]FIG 1. MALDITTOF-MS spectrum of
neutral oligosaccharide mix derived from recombinant, unmodified
(non-glycoengineered) anti-CD20 IgG1 antibody produced in BI-IK. Cells were
transfected with antibody expression vector pETR1502. Antibody was purified
from culture medium and oligosaccharides were pi cpared and analyzed as
described in the Materials and Methods sectiou of Example 1.  -16- 10041]FIG
2, MALDLTOF-MS spectrum of neutral oligosaccharide mix derived from
recombinant, glycoengineered anti-CD20 IgG1 antibody produced in BHK
engineered with a nucleic acid encoding wild type ("wt") CriaTLI Cells were
co-transfected with antibody expression vector pETR1502 and with GnTIII
expression vector pETR1166. Antibody was purified from culture medium and
oligosaccharides were prepared and analyzed as described in the Materials and
Methods section of Example 1. [00421FIG 3. MALDI/T0E-MS spechum of neutral
oligosaecharide mix  derived from recombinant, glyeoengineered anti-CD20 IgG1
antibody produced in BhliK engineered with D nucleic acid encoding a fusion
polypeptide ("GIOnT111") with thaTICE activity and localized via a GnTI-Golgi
localization domain. Cells were co-transfected with antibody expression
vector pETR1502 and with Gni11 expression vector pETR1425. Antibody was
purified 'from  culture meditun and oligosatcharides were prepared and
analyzed as described in the Materials and Methods section of Example 1.
[0043jFIG 4. MALDI/T0E-MS spectrum of neutral oligosaccharide mix derived
from recombinant, glycoengineered anti-CD20 IgG I antibody produced in 31-1K
engineered with a nucleic acid encoding a fusion polypeptide ("M2- CinTill")
with Cinil 111 activity and localized via a Ciolgi alphamannosid
sselL(Man11)-Golgi localization domain. Cells were co-uunsfeeted with
antibody expression vector pETR1502 and with GuTILI expressien 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. [00441FIG 5. MALDUTOF-MS spectrum of neutral oligosaccharide mix
derived from recombinant, unmodified (non-glycoengibaeered) anti-CD2C IgG1
antibody produced in 11:M293-EDNA cells. Cells were transfected with antibody
expression vector pETR 1520. 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, glyco engineered anti-CD20 IgG1
antibody produced 



-17- in HEK293-EBNA engineered with a nucleic acid encoding a fusion
polypeptide ("M2-OnTIII") with GUI HI activity and localized via a Golgi
alphamannosidascla('Manr)-Golgi localization domain. Cells were
co-transfecred with antibody expression vector pETR1520 and with GnTIO
expression vector pETR1519. Antibody was purified from culture medium and
oLigosaccharides were prepared and analyzed as described in the Materials and
Methods section of Example 1. 100461FIG?. MALDETOF-MS spectra of neutral
oligosaccharide ntix derived from recombinant, glycoengineered anti-CD20 IgG1
antibody produced in 11E1(293-ERNA engineered with a nucleic acid encoding a
fusion polypeptide C242-CinTIII") with GnTIII activity and localized via a
Golgi alphainannosadaseH(ManE)-Golgi localization domain. Cells were
co-transfected with antibody expression vector pETR1520 and with GnTILI
expression vector pETR1519 Antibody was purified from culture medium and
oligosaecharides were prepared and analyzed as described in the Materials and
Methods section of Example I. (a) Oligosaccharide profile ofPNGaseF-release
oil gosaccharides with no additional enzymatic treaintent. (b)
Oligusaccharide profile of PNGaseFrelease oligosaccharides further digested
with EndoH. [0047)FIG 8. (a) Schematic description of the EndoH-catalyzed
digestion of oligosaccharides. EndoH can digest hybrid (and hybrid bisected),
but not complex or complex bisected oligoSacchari des. (b) By distinguishing
between complex- and hybrid-type oligosaecharides, Endo-H treatment allows to
make structural assignments to oligosaccharides peaks that have the same
rrilz ratios in the MAIDIfroF-ms spectra originally resulting from PNCiAseE
treatment. [0048] FIG 9. Antibody-dependent cellular cylotoxicity (ADCC) of
"01- GoTlir-glycoengineered vs. unmodified recombinant, anti-CD20 chimeric
IgG1 antibodies. Both antibodies were produced in BBK cells Production and
glycosylarion profile of the glycoeuginereed antibody is depicted in Fig. 3
and those of the unmodified antibody in Fig. 1. Target cells (T) were SK1N6.4
human lymphoblastoid cells. Effector cells (E) were freshly-isolated
humanPBMC. 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  -18- release (using a detergent Stead of antibody) and a spontaneous
release (culture medium instead of antibody) controls Assay details are
described in Materials and Methods section of Example 1. [0049]FIG 10.
Antibody-dependent cellular cytotoxicity (ADCC) of "M2-
OnTD1"-glycoengineered vs =modified recombinant, anti-CD20 chimeric IgG1
antibodies. Both antibodies were produced in ITEK293-EBNA cells. Production
and glycosylation profile of the glycoenglnereed antibody is depicted in Fig.
6 and those of the unmodified antibody in Fig. 5. Target cells (T) were
SKW6.4 human lymphoblastoid cells Effector cells (E) were freshly-isolated
human FBMC. An E:T ratio of 25:1 was used in a 4-hour incubation ADCC assay
measuring cytctoxicity 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 I. 100501FIG 11.
Antibody-dependent cellular cytotoxicity (ADCC) of "M2-
CinT111"-glycoengineered vs. "wt-GnTIII"-glycoengineered recombinant, anti--
CT/20 chimeric IgG l antibodies. Both antibodies were produced in BHK cells.
Production and glycosylation profile of the M2-Gn1111-glyeoenginereed
antibody is depicted in Fig. 4 and those of the wt-GnT111-glycoenuaeereci
antibody in Fig. 2. Target cells (T) were SKW5.4 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 AD CC, assay measuring cytotoxicity by lactate
debydmgenase (MB) release relative to a maximum release (using a detergent
instead of antibody) and a spontaneous release (culture medium Stead of
antibody) controls. Assay details are described in Materials and Methods
section of Example I. 



ID0511 FIG 12. Binding of "M2-GiaT111"-glycoengineered vs. unmodified
recombinant, and-CD20 chimeric IgG1 antibodies to FcgammaRIlla receptor on N1C
cells. Both antibodies were produced in HEK293-EBNA cells. Production and
glycosylation profile of the glycoengincreed 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 FcgammaRtlla receptor on their surface were isolated
from a  -19- donor of a genotype known not to produce FegammaRlic receptor
(i.e., homozygous for a gene variant that contains an in-frame stop codon
within the FcganunaRlic 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 hound to the MC
cells. Binding detected in this assay is FcgammaRlia-specific as demonstrated
by use of a cempeting FcganimaRilla-specific antibody fragment (see Fig. 13),
[0052] FIG 13. Binding of "M2-On 1.11"-glycoenginecred vs. unmodified
recombinant, anti-CD20 chimeric IgG1 antibodies to FcgammaRDIa receptor on NEC
cells in the presence of increasing concentrations of a competing
antiFcgammaRIIII antibody fragment. Both recombinant 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, but co-incubating the purified NK
cells with recombinant antibody (always at a final concentration of 3 p.g/m1)
and with increasing and varying concentrations (see graph) of competing
3G8-Fab2 anti-FcgammaRDI antibody fragment). Human NK cells expressing
FcgammaRfila receptor on their surface were isolated from a donor of a
genotype known not to produce FcgaramaRlIc receptor (i.e., homozygous for a
gene variant that contains an in-frame stop codon within the FcgammaRfic
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. [0053]FIG 14.
MALDI/T0E-MS spectra of neutral oligosaccharide mixtures derived from
recombinant, IgG I "L19" antibodies recognizing ED-34- isoform of  bronectin
and produced in HEIC293-EBNA cells. (a) Unmodified antibody produced in
EIFIC293-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 CmTlli expression
vector pETRI5 19. Both antibodies wem purified from culture medium by protein
A affinity chromatography followed by size-exclusion  -20- chromatography step
on a Superdex200 matrix (Amersham) exchanging the buffer to phosphate buffered
saline (PBS). Ofigosaccharides were prepared and analyzed as described in the
Materials and Methods section of Example 1. 10054] FIG 15. Binding of
"M2-CmTIII"-glycoengineered vs. unmodified recombinant, anti-ED-B+fibronectin
IgG1 antibodies to FcgammaRffb receptor on Raji human lymphoma cells. Both
antibodies were produced in 11EK293- EBNA cells. Production and glyrosylation
profile of the glycoenginereed antibody is depicted in Fig. 14b and those of
the unmodified antibody in Fig. 14a. The binding assay was performed as
described in the Materials and Methods section of Frvample I. Geometric mean
fluorescence intensity, measured by FACS using an ?TIC-labelled anti-human IgG
antibody fragment, increases with the amount of recombinant antibody bound to
the Raji B-cell lymphoraa cells. 100551 FIG 16. Binding of
"M2-CmThl"-glycoengineered vs. unmodified recombinant, anti-CD20 chimeric IgG1
antibodies to FcgammaREla receptor on NK cells from different donors. Both
antibodies were produced in HEK293- EBNA cells. Production and glycosylation
profile of the glycoenginereed antibody is depicted in Fig. 6 and those of the
unmodified antibody in Fig. 5. The binding assay was performed as described in
the Materials and Methods section of Example 1. Human NK cells expressing
FcgarnmaRIlla receptor on their surface were isolated from donors of a
genotype known not to produce FcgammalIc receptor (i.e., homozygous for a gene
variant that contains an in-frame stop codon within the FcgammaRlac coding
sequence). Two donors were genotyped as homozygous for the
158V-Thigher-affinity" variant of the Fcgarr-maRELa receptor. The other two
donors were genoty2ed as 158V/F heterozygous for the 158V-"higher-affinity"
and 158F-"lower-affmity" variants of the Fcgammartna receptor. Geometric mean
fluoresCence intensity, measured by FACS using an FITC-labelled anti-humau IgG
antibody fragment, increases with the amount of recombinant antibody bound to
the NK cells. Binding detected in this assay is FcgammaRlEa-specific as
demonstrated by use of a competing FcgamrnaRILla-specific antibody fragment
(see Fig. 13). [00561FIG 17. FAGS analysis of truncated-CD4 (tCD4) expression
of (a) BHK- 1502-28 (wild type) and, (b) clone BHK-1502-28-11 (M2-GaTIII- 



-21- glycoengineered) stable, chimeric anti-CD20 IgG1 antibody-producing cell
lines. Expression of tCD4 is operably-linked to M2-Gr.TIII expression via an
IRES element in pETR1537 CmT111 expression vector and is therefore used as an
indirect marker for GRIM expression. Mean and geometric mean fluorescence
intensities were, respectively, 27.6 and 19.9 for the glycoenginemed and 4.7
and 4.1 for the wild type cell lines. [0057]FIG 18. MALDIITOF-MS spectrum of
neutral oligosaccharide mixture derived from M2-GnTDI-glycoengineered
recombinant, anti-CD20 chimeric IgG1 antibody produced by BHK-1502-28-11 cell
line. Cell line, antibody purification and oligosaccbaride preparation and
analysis are described in the Materials and Methods section of Example 1.
100581FIG 19. MALDI/TOF-MS spectrum of neutral oligosaccharide mixture
derived, by PNG as eF-rele ase oligosaccharides and further digestion with
EndoH, from M2-GnTlia-glycoengineered recombinant, anti-CD20 chimeric IgGI
antibody produced by BBX-1502-28-11 cell line. Cell line, antibody
purification and oligosaccharide preparation and analysis are described in the
Materials and Methods section of Example 1. 100591FIG 20. Binding of
"M2-CmTIII"-glycoengineered vs. unmodified recombinant, anti-CD20 chimeric
IgG1 antibodies, produced by stable cell lines, to FcgammaRffla receptor on NK
cells. Glyeosylation profile of the glycoenginereed antibody is shown in Figs.
18 and 19. The binding assay was performed as described in the Materials and
Methods section of Example 1. H1:101 Fill MC cells expressing FcgammaRlida
receptor on their surface were isolated from a donor of a genotype known not
to produce FcgammaRIIc receptor (i.e., homozygous for a gene variant that
contains an in-frame stop codon within the Fcgammaltfic coding sequence).
Geometric mean fluorescence intensity, measured by FACS using an FTTC-labelled
atti-human IgG antibody fragment, increases with the amount of recombinant
antibody bound to the MC cells. Binding detected in this assay is
FcgammaRlIla-specific as demonstrated by use of a competing
FcgaminaRDia-specific antibody fragment (see Fig, 13). [00601FIG 21.
Complement-mediated lysis (CML) of "M2-GBT111"- glycocnginecrod vs. unmodified
recombinant, anti-CD20 chimeric IgG1  -22- antibodies. Both antibodies were
produced in BEK293-EBNA cells. Production and glycosylation profile of the
glycoenginereet1 antibody is depicted in Fig. 6 and those of the unmodified
antibody in Fig. 5. Target cells (T) were SKW5.4 human lymphoblastoid cells
Human complement was used for the assay. Lysis was measured by LDH release.
Assay details are described in Materials and Methods section of Example 1.
[0061]FIG 22. MALDUTOF-MS spectra of neutral ofigosaccharidc mixtures 



derived from recombinant chimeric IgG1 "C225" antibodies, recognizing human
epidermal growth factor receptor (EGFR), and produced in I-LEK293-EBNA cells.
(a) Unmodified antibody produced in HRIC293-EBNA cells transfected with
antibody expression vector pURS128. (b)M2-GnTLEI-glyc,oengineered antibody
produced in BEK293-EBNA cells co-transfected with antibody expression vector
pR1RURS128 and GrnTill expression vector pETR1519. Both antibodies were
purified from culture medium by protein A affinity chromatography followed by
size-exclusion chromatography step on a Superdex200 matrix (Amersham)
exchanging the buffer to phosphate buffered saline (PBS). Oligosaccharides
were prepared and analyzed as described in the Materials and Methods section
of Example I. [0062]FIG 23. Antibody-dependent cellular cytotoxicity (ADCC)
of "Iv12- GuTIII"-glycoengineered vs. unmodified recombinant, anti-EGFR
chimeric IgG1 "C225" antibodies. Both antibodies were produced in
FEEK293-EBNA cells. Production and glycosylation profile of the
glymenginereed 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 ET ratio of 25:1 was used in a 4-hour incubation ADCC assaymeasuring
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 Marmosidase II - GnTra
fusion polypeptide of the invention.  -23- [0064]HG. 25. The nucleic acid
sequence and amino acid sequence, respectively, of the OnT-I - GnT-Ill fusion
polypeptide of the invention. 100651 FIG 26. MALDITTOF-MS spectrum of neutral
oligosaccharide mix from the unmodified, recombinant C2B8 anti-0D20 chimeric
IgG1 antibody ("Cwt") produced in HEK293-EBNA cells 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 5. [0066]FIG 27. MALDUTOP-MS Spectrum of neutral
oligosaccharide mix derived from recombinant, glycoengineered C2B8 anti-CD20
chimeric IgG1 antibody ("Cbrt") produced in REK293-EBNA cells co-transfected
with antibody expression vector pETR1520 and fusion GnTEI polypeptide
expression vector (pETR1519). Antibody was purified from culture medium and
ollgosaccharides 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 PNGaseFrelease oligosaccharides farther digested with EndoH.
[00671FIG 28. MALDIITOF-MS spectrum of neutral oligosaccharide mix derived
from recombinant, glycoeugineered C2B8 anti-CD20 chimeric IgG1 antibody
("Cm") produced in HEK293-EBNA cells co-transfected with antibody expression
vector ?EMT 520, fusion GuTIII polypeptide expression vector (pETR1519) and
mannosidase II polypeptide expression vector (pCLF9). Antibody was purified
from culture medium and oligosaccharides were prepared and analyzed as
described in the Materials and Methods section of Example 5. (A)
Oligosaccharide profile of PNGaseF-release oligosaccharides with no
additional enzymatic treatment. (B)Oligosaccharide profile of PNCras
eF-releas e oligosaccharides further digested with EndoH. [0068]FIG 29.
Antibody-dependent cellular cytotoxicity (ADCC) mediated by 



chimeric anti-CD20 antibodies glycoengineered by expression in HEK.293 - ERNA
cells of a nucleic acid encoding a Man1I-GnTEI fusicnpolypeptide, where the
thiTTE catalytic domain is localized via the ManIf Golgi localization domain,
where the Manff-GnTIII-encorting nucleic acid is expressed either on its own
-24- (antibody Cbrt) or co-expressed in the antibody producing cells together
with a nucleic acid encoding Mann (Cm). Cwt is the unmodified, recombinant
C2B8 anti-CD20 chimeric IgG1 antibody ("Cwt") produced in HE1C293-E13NA cells
transfected with antibody expression vector pETR1520. Assay details are
described in Materials and Methods section of Example 1. 100691FIG 30.
FcganunaRllIa receptor binding of chimeric anti-CD2C antibodies
glycoengineered by expression in HEIC293-EBNA cells of a nucleic acid encoding
a ManII-CmTIU fusion polypepUde, where the Gullil catalytic domain is
localized via the Manta Golgi localintion domain, where the Man.11-
CnTHI-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 Mann (Cm). Cwt is the unmodified, recombinant C2B8 anti-CD2C chimeric
IgG1 antibody ("Cwt") produced in 1-1EIC293-EBNA cells transfected with
antibody expression vector pETR1520. The binding assay was performed as
described in the Materials and Methods section of Example 1. Human NK cells
expressing FcgammaRIlla receptor on their surface were isolated from a donor
of a genotype known not to produce FcgammaRile receptor (i.e., homozygous for
a gene variant that contains an in-frame stop codon within the FcgammaRTIc
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 MC cells. Binding detected in this
assay is FcgairmaRffia-specific as demonstrated by use of a competing
FogammaRBIa-specific antibody fragment (see Fig. 13), 100701FIG 31.
Complement-mediated cytotoxicity of chimeric auti-CD20 antibodies
glycoengineered by expression in HEK293-EBNA cells of a nucleic acid encoding
a ManII-CmTIII fusion polypephde, where the Garth catalytic domain is locs
rind via the Man.II Golgi localization domain, where the ManiaGni-III-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 Mann (Cm).
Cwt is the unmodified, recombinant C2B8 anti-CD20 chimeric IgG1 antibody
("Cwt") produced in I-MIC293-EBNA cells transfected with antibody expression
vector pETRI520.  -25- [00711FIG 32(A-C). Expression vectors pCLF9 (A),
pE1R1842 (B), and pETR1843 (C). 100721FIG 33 (A and B).Expression vectors for
fusion protein MunII-GaIT (A) and Gall (B). [0073]FIG 34.Oligosatcharide pro
file of RR anti4iD20 monoclonal 



antibody produced in the presence of a-Mannosidase II and relative
percentages of the structures found associated to the Fc portion of the
antibody. 100741 FIG 35 (A and B). Oligosaecharide profile of an anti-CD20
monoclonal antibody produced in the presence of the fusion protein ManII-GaIT
and relative percentages of the structures found associated to theFc portion
of the antibody. Oligosaccharide profiles after PNGaseF (A) and Endoll (B)
digestion. [0075]FIG 36.Antibody produced in the presence of a-Maunosidase
(ManII) binds to the FcyRILIA receptor with higher affinity than the wild
type antibodies. 100761FIG 37.Antibody-dependent cellular cytotoxicity
mediated by glycoengineered chimeric anti-CD20. DETAILED DESCRIPTION OF THE
INVENTION [0077]Terms are used herein as generally used in the art, unless
otherwise defined as follows. [00781As 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 immuuoglobulin. Also encompassed are
humanized and chimeric antibodies. 10079]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 Fe region of an IgG heavy chain might vary slightly,
the human IgG heavy chain Ft region is usually defined to stretch from the
amino acid residue at position Cys226 to the carboxyl-terminus.  -26- 



100801As used herein, the term region equivalent to the Pc region of an
inzrnunoglobulin is intended to include naturally occurring allelic variants
of the Fe region of an immunoglobulin as wen as variants having alterations
which produce substitutions, additions, or deletions but which do not
decrease substantially the ability of the immunoglobulin to mediate effector
functions (such as antibody dependent cellular cytotoxictty). For example,
one or more amino acids can be deleted from the N-terminus or C-terminus of
the Fe region of an immunoglobulin without substantial loss ofbiological
function Such variants can be selected according to general rules Imown in
the art so as to have minimal effect on activity. (See, e.g., Bowie, J. U. et
al., Science 247:1306-10 (1990). [0081] As used herein, a fusion polypeptide
"having 13(1,4)-Nacetylglueosaminyltransferase 11:1 activity" refers to
fusion polypeptides that are able to catalyze the addition of a
N-acetylglacosamine (GleNAc) residue in P-1-4 linkage to the -]inked
mannoside of the tiimananosyl core of N-linked oligosaccharidea. This
includes fusion polypeptides exhibiting enzymatic activity similar to, but
not necessarily identical to, an activity of 13(1,4)-N-acetyl gl
ucosarninylfransferase fll, also known as 3-1,4-mannosyl-glycoprotein 4-
beta-N-acetyl glucosaminyl-traiasferase (EC 2.4.1.144), according to the
Nomenclature Committee of the International Union of Biochemistry and
Molecular Biology (NC-IU13M:13), as measured in a particular biological
assay, with or without dose dependency. In the case where dose dependency
does exist, it need not be identical to that of f3( 1,4 )-N-acetyl
glucesaminyltransferase TEL but rather substantially similar to the
dose-dependence in a given activity as compared to the 13(1,4)-N.
acetylglucosaminyltransferase ifi (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 mcst preferably, not more than
about three-fold less activity relative to the
P(1,4)-Nacetylglucosaminyltransferase [0082)As used herein, a
fusiorzpolypeptide "having ,fi(1,4)-galactosyltransferase activity" or
"having GalT activity" refers to fusion polypeptides that are able to
catalyze the addition of a galactose residue from UDE) galactose to the non-
reducing terminal GlcNAc found in N-linked oligosaccharides. This includes
-27- fusion polypeptides exhibiting enzymatic activity similar to, but not
necessarily identical to, an activity of PO ,4)-galactosyltransferase, also
Imown as UDPGat:GIGNAO 13-1,4-galactosyltransferase (B.C. 2.4,1.38),
according to the Nomenclature Committee of the Intenaational Union of
Biochemistry and Molecular Biology (NC-IUBMB), as measured in a particular
biological assay, with or without dose dependency. In the case where dose
dependency does exist, it need not be identical to that of
[3(1,4)-galactosyltransferase, but rather substantially similar to the
dose-dependence in a given activity as compared to the
fi(1,4)-galadosyltransferase (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 13(1
,4)-N-acetylglucosamiiayltransferase [0083] By a nucleic acid or
polynucleotide having a nucleotide sequence at least, for example, 95%
"identical" to a reference nucleotde sequence of the present invention, it is
intended that the nucleotide sequence of the polynucleotide is identical to
the reference sequence except that the polynucleotide sequence may include up
to five point mutations per each 100 nucleotides of the reference nucleotide
sequence. In other words, to obtain a polynucleo tide having a nucleotide
sequence at least 95% identical to a reference nucleotide sequence, up to 5%
of the nucleotides in the reference sequence may be deleted or substituted
with another nucleotide, or a number of nucleotides up to 5% of the total
nucleotides in the reference sequence may be inserted into the reference
sequence. The query sequence may be the entire sequence shown in either FIG.
24 or FIG 25. 100841As a practical matter, whether any particular nucleic add
molecule or polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to a nucleotide sequence or polypeptide sequence of the presence
invention can be determined conventionally using known computer programs. A
preferred method for determining the best overall match between a query
sequence (a sequence of the present invention) and a subject sequence, also
referred to as a global sequence alignment, can be determined using the
FASTDB computer program based on the algorithm of Brutlag et at., Comp. App.
BICMCi 6:237-245 (1990). In  -28- 



a sequence alignment the query and subject sequences are both DNA sequences.
An RNA sequence can be compared by converting U's to Ts. The result of said
global sequence alignment is in percent identity. Preferred parameters used in
a FAS'TDB alignment of DNA sequences to calculate percent identity arm
Matrix-Unitary, k-tuple-4, Mismatch Penalty-1, Joining Penalty-30,
Randomization Group Length-0, Cutoff Score-- 1, Gap Penalty-5, Gap Size
Penalty 0.05, Window Size-500 or the length of the subject nucleotide
sequence, whichever is shorter. [0085]If the subject sequence is shorter than
the query sequence because of 5' or 3' deletions, not because of internal
deletions, a manual correction must be made to the results. This is because
the FASTDB program does not account for 5' and 3' truncations of the subject
sequence when calculating percent identity. For subject sequences truncated at
the 5' or 3' ends, relative to the query sequence, the percent identity is
corrected by calculating the number of bases of the query sequence that are 5'
and 3' of the subject sequence, which are not matcheclialigned, as a percent
of the total bases of the query sequence. Whether a nucleotide is
matched/aligned is determined by results of the FASTDB sequence alignment.
This percentage is then subtracted from the percent identity, calculated by
the above FASTDB program using the specified parameters, to arrive at a final
percent identity score. This corrected score is what is used for the purposes
of the present invention. Only bases outside the 5' and 3' bases of the
subject sequence, as displayed by the FASTDB alignment, which are not
matched/aligned with the query sequence, are calculated for the purposes of
manually adjusting the percent identity score. [00861For 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. If the remaining 90 bases were perfectly matched the final
percent identity would be 40%. In  -29- another example, a 90 base subject
sequence is compared with a 100 base query sequence. This time the deletions
are internal deletions so that there are no bases on the 5 or 3' of the
subject sequence which are not matched/aligned with the query. In this case
the percent ideality calculated by BA.STDB is not manually corrected. Once
again, only bases 5' and 3' of the subject sequence which are not
matched/aligned with the query sequence are manually corrected for. No other
manual corrections are to made for the purposes of the present invention.
[0087] By a polypeptide having an amino acid sequence at least, for example,
95% "identical" to a query amino acid sequence of the present invention, it is
intended that the amino acid sequence of the subject polypepade is identical
to the query sequence except that the subject polypeptide sequence may include
up to Eve amino acid alterations per each 100 amino acids of the query amino
acid sequence. In other words, to obtain a polypeptide haying an amino acid
sequence at least 95% identical to a query amino acid sequence, up to 5% of
the amino acid residues in the subject sequence may be inserted, deleted, or
substituted with another amino acid. These alterations of the reference
sequence may occur at the amino or carboxy terminal positions of the reference
amino acid sequence or anywhere between those terminal positions, interspersed
either individually among residues in the reference sequence or in one or more
contiguous groups within the reference sequence. [0088]As a practical matter,
whether any particular polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identical to a reference polypeptide can be determined
conventionally using known computer programs. A preferred method for
determining the best overall match between a query sequence (a sequence of the
present invention) and a subject sequence, also referred to as a global
sequence alignment, can be determined udng the FASTDB computer program based
en the algorithm of Brutlag ei at, 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: Matix=PAM 0, k-tuple=2, Mismatch Penalty=1, Joining
Penalty=20, Randomization Group Length-(), Cutoff Score=1,  -30- Window
Size-sequence length, Gap Penalty-5, Gap Size Penaltr-0.05, WindoW Size-500 or
the length of the subject amino acid sequence, whichever is shorter, 



[00891 If the subject sequence is shorter than the query sequence due to N
or C-termntal deletions, not because of internal deletions, a manual
correction must be made to the results. This is because the FASTDB program
does not account for N- and C-terminal truncations of the subject sequence
when calculating global percent identity. For subject sequences truncated at
the N- and C-termini, relative to the query sequence, the percent identity is
corrected by calculating the number of residues of the query sequence that
are N- and C-terminal of the subject sequence, which are not matched/aligned
with a corresponding subject residue, as a percent of the total bases of the
query sequence. Whether a residue is matched/aligned is determined by results
of the FASTDB sequence alignment. This percentage is then subtracted from the
percent identity, calculated by the above FASTDB program using the specified
parameters, to arrive at a final percent identity score. This final percent
identity score is what is used for the purposes of the present invention.
Only residues to the N- and C-termini of the subject sequence, which are not
matched/aligned with the query sequence, are considered for the purposes of
manually adjusting the percent identity score. That Is, only query residue
positions outside the farthest N- and C-terminal residues of the subject
sequence. [00901For example, a 90 amino acid residue subject sequence is
aligned with a 100 residue query sequence to detet wine 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 1 D4 is subtracted from the percent
identity score calculated by the FASTDB program. If the remaining 90 residues
were perfectly matched the final percent identity would be 90%. In another
example, a 90 residue subject sequence is compared with a 100 residue query
sequence. This time the deletions are internal deletions so there are no
residues at the N- or C-tennini of the subject sequence which are not
matched/aligned with the query. In this ease the percent  -31- identity
calculated by FASTDB is not manually corrected. Once again, only residue
positions outside the N- and C-terminal ends of the subject sequence, as
displayed in the FASTDB alignment, which are not matchecUaligned with the
query sequence are manually corrected for. No other manual corrections are to
be made for the purposes of the present invention. [0091]As used herein, a
nucleic acid that 'hybridizes under stringent conditions" to a nucleic acid
sequence of the invention, refers to a polynueleolide that hybridizes in an
overnight incubation at 42 C in a solution comprising 50% formamide, Sx SSC
(750 mM NaC1, 75 naM sodium citrate), 50 raM sodium phosphate (pH 7.6), Sr
Denhardt's solution, 10.% dextran sulfate, and 20 p.g/m1 denatured, sheared
salmon sperm DNA, followed by washing the filters in 0.1x SSC at about 65C.
[0092]As used herein, the term Golgi localization domain refers to the amino
acid sequence of a Golgi resident polypeptdde which is responsible for
anchoring it in location within the Golgi complex. Generally, localtrafion
domains comprise amino terminal "tails" of an enzyme.. [0093]As used herein,
the tern a effector function refers to those biological activities
attributable to the Fc region (a native sequence Pc region or amino acid
sequence variant Pc region) of an antibody. Examples of antibody effector
functions include, but are not limited to, Fe receptor binding affinity,
antibody-dependent cellular cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis (ADCP), cytokine seuetion, immune-complex-mediated antigen
uptake by antigen-presenting cells, down-regulation of cell surface
receptors, etc. [00941 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
glyeosylation.  -32- 



[00951As used herein, the term host cell covers any kind of cellular system
which can be engineered to generate modified glycoforms of proteins, protein
fragments, or peptides of interest, including antibodies, antibody fragments,
and fusion proteins. Typically, the host cells have been manipulated to
express optimized levels of CmT 111. Host cells include cultured cells, e.g.,
mammalian cultured cells, such as CHO cells, BHK cells, NSO cells, SP2/0
cells, YO myelonia cells, P3X63 mouse myeloma cells, PER cells, PER.C6 cells
or hybridoma cells, yeast cells, insect cells, andplant cells, to name only a
few, but also cells comprised within a traiasgenie animal, transgenic plant or
cultured plant or animal tissue. [0096]As used herein, the term Fe-mediated
cellular cytotoxicity includes antibody-dependent cellular cytotoxicity and
cellular cytotoxicity mediated by a soluble Fe-fusion protein contsining a
human Pc-region. It is an immune mechanism leading to the lysis of
"antibody-targeted cells" by "human immune effector cells", wherein: [00971The
"human immune effector cells" are a population of leukocytes that display Fc
receptors on then surface through which they bind to the Pc-region of
antibodies or of Fc-fusion proteins and perform effector functions. Such a
population may include, but is not limited to, peripheral blood mononuclear
cells (PBMC) and/or natural killer (NK) cells. [00981The "antibody-targeted
cells" are cells bound by the antibodies or Fe- fusion proteins. The
antibodies or Pc fusion-proteins bind to target cells via the protein part
N-terminal to the Fe region. 100991As 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 Fe-fusion protein, in the medium surrounding
the target cells, by the mechanism of Fe-mediated cellular cytotoxicity
defined above, and/or a reduction in the concentration of antibody, or of
Fe-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 Fe -mediated cellular cytotoxicity. The increase in
Fe-mediated cellular eytotoxicity is relative to the cellular  -33-
cytotoxicity mediated by the same antibody, or Fe-fusion protein, 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 an,
but that has not been produced by host cells engineered to express the
glycosyltransferase GnTM by the methods described herein. [01001By antibody
having increased antibody dependent cellular cytotoxicity (ADCC) is meant an
antibody having increased ADCC as determined by any suitable method known to
those of ordinary skill in the art. One accepted in vitro ADCC assay is as
follows: 



1) the assay uses target cells that are known to express the target antigen
recognized by the antigen-binding region cf the antibody;       2) the assay
uses human peripheral blood mononuclear cells (PBMCs), isolated from blood of
a randomly chosen healthy donor, as effector cells;       3) the assay is
carried out according to following protocol:            i) the P13MCs are
isolated using standard density centrifugation procedures and are suspended
at 5 x 105 cells/ml in RPM] cell culture medium;            ii) the target
cells are grown by standard tissue culture methods, harvested from the
exponential growth phase with a viability higher than 90%, washed in RPM1E
cell culture medium, labelled with 100 micro-Curies of 5ICr, washed twice
with cell culture medium, and resuspended in cell culture medium at a density
of 105 cells/ml;                 100 microliters ofthe final target cell
suspension above are transferred to each well of a 96-well microtiter plate;
iv)the antibody is serially-diluted from 4000 ngind 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 coveting the whole concentration
range above;  (WV) aqueous solution of non-ionic detergent (Nonidet, Sigma,
St. Louis), instead of the antibody solution (point iv above);            vi)
for the spontaneous release (SR) controls, 3 additional wells in the plate
containing the labelled target cells,' receive 50 microliters of UNE cell
culture medium instead of the antibody solution (point iv above);
vii) the 96-well microliter plate is then centrifuged at 501 g for 1 minute
and incubated for 1 how at 4C; 



viii) 50 microliters of the PBMC suspension (point i above) are added to each
well to yield an effector:target cell ratio of 25:1 and the plates are placed
in an incubator under 5% CO2 atmosphere at 37C for 4 hours;            ix) the
cell-free supernatant from each well is harvested mid the experimentally
released radioactivity (ER) is quantified using a gamma counter;            x)
the percentage of specific lysis is calculated for each antibody concentration
areording to the formula (ER-MR)/(MR-SR) x 100, where ER is the average
radioactivity quantified (see point ix above) for that antibody concentration,
MR is the average radioactivity quantified (see point ix above) for the MR
controls (see point v above), and SR is the average radioactivity quantified
(see point ix above) for the SR controls (see point vi above); 4)'increased
ADCC" is defined as either an increase in the maximumpercentage of specific
lysis observed Within the antibody concentration range tested above, and/or a
'eduction 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 saute 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 glyeosyltunsferase CmTIE. [0101)As used herein, the term
anti-CD20 antibody is intended to mean an antibody which specifically
recognizes a cell surface non-glycosylated  -35- phosphoprotein of 35,000
Dalton; typically designated as the human B lymphocyte restricted
differentiation antigen Bp35, commonly referred to as CD20. [01021The present
invention is based on the discovery that engineering antibody- producing cells
to express a novel fusion polypeptide having
0(1,4)-Nacetylglucosaminyltransferase HI (GnTIII) activity or, alternatively,
13(1,4)- galactosyltrausfemse ("GalT") activity, and comprising the GoIgi
localization domain of a Golgi resident polypeptide results in antibodies with
increased Fc receptor binding affinity and increased effector function.
Alternatively, antibodies with increased effector function and/or increased Pc
receptor binding can be obtained by engineering the antibody-producing cells
to have increased expression of a nucleic acid molecule encoding a polypeptide
having aMannosidase IT catalytic activity. In preferred embodiments, the
fusion constructs having GnTIII or GaIT activity are coexpressed with nucleic
acid molecules encoding Mall or CmTLL [0103]Accordingly, in one embodiment,
the present invention is directed to an 



isolated nucleic acid comprising a sequence encoding a fusion poiypeptide,
wherein the fusion potypeptide has 13(1,4)-N-acetylglucosaminyltransferase III
(Cmt3I) activity and comprises the Golgi localization domain of a Golgi
resident polypeptide. In a preferred embodiment, the fusion polypepnde
comprises the catalytic (domain of 13(1,4)-N-acetylglucosarrinyltransferase
1111 and the (3olgi localizaten domain is the localization domain of
martnosidase H. In a further embodiment, the Golgi localization domain is the
localization domain of GalT. [0104]  Preferably, the isolated nucleic acid has
the nucleotid e sequence shown in FIG. 24 and SEQ ID NO:14 In another
preferred embodiment, the fusion polypeptide comprises the catalytic domain of
ii(1,4)-Nacetylglucosaminylliansferase III and the Crulgi localization domain
is the localization domain of 3(1,2)-N-acetylgluc,osaininyltuansferase I
(Gull). Preferably, the nucleic acid bas the nucleotide sequence shown in FIG.
25 and SEQ ID NO:12. Alternatively, the Golgi locahzation domain of another
Golgi resident polypeptide may be used. In another preferred embodiment, the
Golgi localization domain is selected from the group consisting of the
localization  -36- domain of13(1,2)-N-acetylglucosarninyltransferase TI, the
localization domain of marmosidase I, and the localization domain of n1-6 core
fucosyltransferrise. [111051 In another preferred embodiment, the present
invention is directed to an isolated nucleic acid comprising a sequence that
encodes a polypeptide having the amino acid sequence shown in FIG. 24 and SEQ
ID NO:15 or FIG. 25 and SEQ ID NO: 13. The present invention also encompasses
an isolated nucleic acid comprising a sequence that hybridizes under stringent
conditions to a hybridization probe the nucleotide sequence of which consists
of the nucleotide sequence shown in FIG. 24 and SEQ ID NO:14 or FIG. 25 and
SEQ ID NO:12. The invention is further directed to an isolated nucleic acid
comprising a sequence at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to the nucleotide sequence shown in FIG. 24 and SEQ ID NO:14 or FIG.
25 and SEQ ID NO:12. hi another embodiment, the invention is directed to an
isolated nucleic acid comprising a sequence that encodes a polypeptide having
an amino acid sequence at Inst. 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to the amino acid sequence FIG. 24 and SEQ NO:15 or FIG. 25 and SEQ
NO:13. The invention also encompasses an isolated nucleic acid comprising a
sequence that encodes a polypeptide having the amino acid sequence of FIG. 24
and SEQ ID NO:15 or FIG. 25 and SEQ ID NO:13, with conservative amino acid
substitutions. [0106]In another embodiment, the present invention is directed
to an expression vector which comprises an isolated nucleic acid of the
invention, such as those described above. [0107]Lu a further embodiment, the
present invention is directed to a fusion polypeptide having
13(1,4)-N-acetylg1ucosaminyltransferase ILI activity or, alternatively,
13(1,4)-galactosy-ltransferase ("Gaff") activity, and comprising the Golgi
localization domain of a beterologous Grolgi resident polypeptide. hi
preferred embodiments, the fasion polypeptides of the invention comprise the
catalytic domain of13(1,4)-N-acetylglucosaminyltransferase HI In a
particularly preferred embodiment, the fusion polypeptides further comprise
the Golgi localization domain of mannosidase
11cr13(1,2)-N-acetylglucosaminyltansferase I (GisT1). In an alternative
embodiment, the Golgi localization domain is selected  -37- from the group
consisting of the localization domain of mannosidase I, the localization
domain of 13(l,2)-N-ac,etylglueosarainy1transferase II, and the localization
domain of al-6 core 6mosyltransferase. The fusion polypeptides of the present
invention may be prepared by culturing the host cells of the present invention
in a medium under conditions allowing the expression of the nucleic acid
encoding said fusion polypeptide and recovering said fusion polypeptide from
the resultant culture. [01081The present invention is further directed to a
method for modifying the glyeos-ylation profile of a polypeptide produced by a
host cell, comprising introducing into said host cell a nucleic acid or vector
of the invention. Preferably, the modified polypeptide is IgG or a fragment
thereof comprising the Fc region. Most preferably, the polypeptide is IgGI, or
a fragment thereof comprising the Fe region. In another preferred embodiment,
the modified polypeptide is a fusion protein that includes a region equivalent
to the Fe region of a human Iga 



[01091The present invention is further directed to host cells comprising the
nucleic acids and expression vectors of the invention. In one embodiment, the
present invention is directed to a host cell engineered to express at least
one nucleic acid encoding a fusion polypeptide having
f3(1,4)-Nacerylglueosaminyltransferase M activity or, alternatively, 11(1,4)-
galactosyltransferase ("Galin) activity, in an amount sufficient to modify the
oligosacclaarides in the Fe region of a polypeptide produced by said host
cell, wherein said polypeptide is selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that
includes a region equivalent to the Fe 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 Fe
region of a human IgG, e.g., igG1 [0110]The modified polypeptides produced by
the host cells of the invention exhibit increased Fe receptor binding affinity
and/or increased effector function  -3S- as a result of the modification.
Preferably, the increased Fe receptor binding affinity is increased binding to
a Foy activating receptor, such as the FcyRata receptor. The increased
effector function is preferably an increase in one or more of the following:
increased antibody-dependent cellular cytotoxicity, increased
antibody-dependent cellular phagocytosis (ADCP), increased cytokine secretion,
increased immune-complex-mediated antigen uptake by antigen-presenting cells,
increased Pc-mediated cellular cytotoxicity, increased binding to MC cells,
increased binding to macrophages increased binding to polymorphonuclear cells
(PMNs), increased binding to monocytes, increased crosslinking of target-bound
antibodies, increased direct signaling inducing apoptosis, increased dendritic
cell maturation, and increased T cell priming. [0111]In a particularly
preferred embodiment, the host cell of the invention is a CHO cell, a BH1C
ce]l, 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 and the polypepti de produced by
said host cell is an anti-CD20 antibody such as IDECC288. In another preferred
embodiment, the host cell is the chimeric anti-human EGFR monoclonal antibody
C225. 101121In addition to comprising a nucleic acid encoding a fusion
polypeptide of the invention, the host cells of the invention may further
comprise at least one transected nucleic acid encoding an antibody molecule,
an antibody fragment retaining a functional Pc region, or a fusion protein
that includes a region equivalent to the Fe region of an immuno glo bulin. In
preferred embodiments, the 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 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
3622 W94, the humanized antihuman colorectal tumor antibody A33, the
anti-human melanoma antibody directed against 0ID3 ganglioside R24, the
chimeric anti-human squamous-cell carcinoma monoclonal antibody SF-25, an
anti-human EGER antibody, an antihuman EGFRvIdl antibody, an anti-human PSMA
antibody, an anti-human PSCA antibody, an anti-human 0D22 antibody, an
anti-human CD30 antibody, an anti-  -39- TAG72 antibody, an anti-hite
molecular weight melanoma associated antigen (I-INDATMAA) antibody, an
anti-0D3 ganglioside antibody, an anti-0D2 ganglioside antibody, an anti-GM2
gataglioside antibody, an anti-human ganglioside antibody, an anti-EGFRYLE
antibody, an anti-integrin antibody, an anti-CD80 antibody, an anti-LeY
antibody, an anti-muzin antibody, an antiMT1C18 antibody, an anti-human CD33
antibody, an anti-hurrian CD38 antibody, an anti-human 0D40 antibody, an
anti-human CD45 antibody, an anti-human C1)52 antibody, an anti-human CD 138
antibody, an anti-humanI:ILA-DR variant antibody, an anti-human EpCAN1
antibody, an anti-human CEA antibody, an anti-human MIJC1 antibody, an
ant-human MUC1 core protein antibody, an anti-human aberrantly
glycosylatedNalC1 antibody, an antibody against human fibronectin variants
containing the ED-B domain, or an anti-human HER2ineu antibody. [0113]The
present invention is also directed to a method for producing a 



polypeptide in a host cell comprising (a) culturing a hod cell engineered to
express at least one nucleic acid encoding a fusion polypeptide having
N1,4)-N-- acetylglucosaminylttansferase III activity or, alternatively,
0(1,4)- galactosyltsansferase ("GalT") activity, under conditions which
permit the production of a polypeptide selected from the group consisting of
a whole antibody molecule, an antibody fragment retaining a functional Pc
region, and a fusion protein that includes a region equivalent to the Fc
region of an Mariano globulin, wherein said fusion polypeptide having GnT111
activity or, alternatively, GMT activity is expressed in an amount sufficient
to modify the oligosaccharides in the Pc 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
f1(1,4)-Nacerylglncosaminyltransferase HI. In a particularly preferred
embodiment, the fusion polypeptide further comprises the Golgi localization
domain of a Golgi resident polypeptide. Preferably, the Golgi loc2li7ation
domain is the localization domain of mannosidase E or
0(1,2)-N-acetylglucosaminyltransferase I (CraTI). Alternatively, the Golgi
loca li7ation domain is selected from the group consisting of the
localization domain of mannosidase I, the localization domain of 13(1,2) -
-40-- N-acetylshicosaminyitransferase II, and the localization domain of a
1-6 core fuensyltransferase. The polypeptiles produced by the methods of the
present invention have increased Fe receptor binding affinity and'or
increased effector function_ Preferably, the increased effector function is
one or more of the following: increased Fe-mediated cellular cytotoxicity
(including increased antibody-dependent cellular cytotoxicity), Increased
antibody-dependent cellular phagoeytosis (ADCP), increased cytokine
secretion, increased immune-complexmediated antigen uptake by
antigen-presenting cells, increased binding to NC cells, increased binding to
macrophages, increased binding to monoeytes, increased binding to
poiymorphonucleaz cells, increased direct signaling inducing apoptosis,
increased c-rosslinking of target-bound antibodies, increased dencllitic cell
maturation, or increased T cell priming. The increased Fc receptor binding
affinity is preferably increased binding to Pc activating receptors such as
FoTRILIa. [0114)In another embodiment, the present invention is directed to a
polypeptide produced by the methods of the invention which has an increased
proportion of bisected oligosaceharides in the Pc region of said polypeptide.
In yet another embodiment, the polypeptide produced by the methods of the
invention has an increased proportion of nonfueosylated oligosaccharides in
the Pc region as a result of said modification. The nonfucosylated
ollgosaceharide,s may be of the hybrid or complex type. In a particularly
preferred embodiment, the polypeptide produced by the host cells and methods
of the invention has an increased proportion of bisected, nonfueosylated
oligosaccharides in the Pc 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 pre ferably at least 95%, more  -41- preferably at least 96%,
more preferably at least 97%, more preferably at least 98%, more preferably
at least 99%, of the oligosaccharides in the Fe region of the polypeptide are
nonfacosylatecl. 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%, 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 900%, more preferably at least 95%,
more preferably at least 96%, more preferably at least 97%, more preferably
at least 98%, more preferably at least 99%, of the oligosaccharides in the Fe
region of the polypeptide are bisected. Still further, 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%, wore preferably at least 85%, more preferably at least 900%,
more preferably at least 95%, more preferably at least 96%, more preferably
at least 97%, more preferably at least 98%, more preferably at least 99%, of
the oligosaccharides in the Fe region o f the polypeptide are bisected,
ronfueosylated. Thc 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 Fe 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 Fe receptor binding affinity, produced by the
methods of the invention, Preferably, the increased effector function is one
or more of the following. increased Ye-  mediated cellular cytotoxicity
(including increased antibody-dependent cellular cytotoxicity), increased
antibody-dependent cellular phagoeytosis (ADCP), increased cytokine
secretion, increased immune-complex-mediated antigen uptake by
antigen-presenting cells, increased binding to NK cells, increased binding to
raacrophages, increased binding to monocytes, increased binding to
polyrnorphonuclear cells, increased direct situ aling inducing apoptosis,
increased crosslir1cing of target-bound antibodies, increased dendritic cell
maturation, or increased T cell priming. In a preferred embodiment, the
increased Fe receptor binding affinity is increased binding to an Fe
activating receptor, most preferably FeyRWa. The invention is further
directed to antibody fragments containing the Fe region and fusion proteins
that include a region equivalent to the Fc region of an immtmoglobulin Such
antibody fragments and fusion proteins exhibit increased Pc receptor binding
affinity and/or increased effector function. 



roll 61 The present invention is further dinected to pharmaceutical
compositions comprising the antibodies, antibody fragments retaining the Pc
region, and fusion proteins having a region equivalent to the Pc region of an
immtmoglobalin of the present invention and a pharmaceutically acceptable
carrier. [0117]The present invention is further directed to the use of such
phaaaaceatical compositions in the method of treatment of cancer.
Specifically, the present invention is directed to a method for the treatment
of cancer comprising administering a therapeutically effective amount of the
pharmaceutical composition of the invention. [01181The 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 13(1,4)-Nacetylglucosarninyltransferase UI (Cm: DI) activity
and comprises the Golgi localization domain of a Goli resident polyp eptid e;
and an expression vector comprising a nucleic acid molecule encoding a
polypeptide, wherein the pc lypeptide has mannosidase 11 (Man U) 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  -43- fusion polypepUde comprises the
catalytic domain of CmT DT In an additional preferred embodiment the Golgi
localization domain is the localization domain of Man U, pa
(1,2)-N-acetylglucosaminyltrapsferase I, N1,2)-Nacetylglucosaminyltransferase
II, matmosidase I or a1,6-N core fucosyltransferase. In a further preferred
embodiment, the host cell is selected from the group consisting of a
mammalian cell, a yeast cell, an insect cell and a plant cell. Preferably,
the host cell is a CHO cell, a BEEK cell, a NSO cell, an SP2/0 cell, a YO
ruyeloma cell, a P3X63 mouse myelouaa cell, a PER cell, a PER.C6 cell, or a
hybridoma cell. [0119)The invention further provides a host cell comprising
an expression vector comprising a nucleic acid molecule encoding a fusion
polypeptide having N1,4)- N-acetylglucosaminyltransferase ELI (CmT lli)
activity and comprises the Golgi localization domain of a Goli resident
polypeptide, an expression vector comprising a nucleic acid molecule encoding
a polypeptide, wherein the polypeptidc has mannosidase II (Man II) activity,
and an expression vector comprising a nucleic acid molecule encoding a
polypeptide, wherein the polypeptide has
i(1,2)-N-acetylglucosaminyl-trausferase LI (GoT If) activity. In preferred
embodiments, the nucleic acid molecule encoding a fusion polypeptide, the
nucleic acid molecule encoding a polypeptde having Man 11 activity and the
nucleic acid molecule encoding a polypeptide having CrnT 11 activity are on
the same or separate expression vectors. Also preferred is that the nucleic
acid molecule encoding a fusion polypeptide is on one expression vector, and,
the nucleic acid molecule encoding a polypeptide having Man II activity and
the nucleic acid molecule encoding a polypeptide having GnT II activity are
on the same expression vector. Also preferred is that the nucleic acid
molecule encoding a Mani( is on one expression vector, and the nucleic acid
molecule encoding a fusion polypeptide and the nucleic acid molecule encoding
a polyp eptide having CrnT EL activity are on the same eAink-ssion vector. In
another embodiment, the OAT 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 H activity at on the same expression
vector.  14 



101201In an additional aspect, the invention is directed to a host cell
comprising an expression vector comprising a nucleic acid molecule encoding a
fusion polypeptide, wherein the fusion polypeptide has
p(1,4)-galactosyltransferase (Gal activity and comprises the Golgi
localization domain of a Golgi resident polypeptide; and an expression vector
comprising a nucleic acid molecule encoding a polypephde, wherein the
polypeptide has mannosidase II (Man II) activity. In preferred embodiments,
the nucleic acid molecule encoding a fusion polypeptide and the nucleic acid
molecule encoding a polypeptide having mannosidase IT activity are on the same
expression vector OT separate expression vectors. Preferably, the fusion
polypeptide comprises the catalytic domain of Gag. In an additional
embodiment, the Galgi localization domain is the localization domain of Man
11, fl(1,2)-N-acetylglucosaminylt-ansferase 1, fi(l,2)- N-acetyl
glucosaminyltransferase 11, mannosidase I or a1,6-core fucosyltransferase. In
a preferred embodiment, the host cell is selected from the group consisting of
a mammalian cell, a yeast cell, an insect cell or a plant cell. Preferably,
the host cell is a CHO cell, a 1311K cell, a \ NSO cell, an SP2/0 cell, a YO
myelonta cell, a P3X63 mouse myeloma cell, a PER cell, aPER.C6 cell, or a
hybridoma cell. [01211In an additional aspect, the invention is directed to a
host cell comprising an expression vector comprising a nucleic acid molecule
encoding a fusion polypeptide, wherein the fusion polypepti de has 13(1,4)-
galactosyltransferase (CralT) activity and comprises the Golgi localization
domain of a Golgi resident polypeptide; and an expression vector comprising a
nucleic acid molecule encoding a polypeptide, wherein the polypeptide has
maimosidasell (Man I1) activity; and an expression vector comprising a nucleic
acid molecule encoding a polypeptido, wherein the polypeptide has
13(1,2)-N-acetylglucosaminyl-transferase U (CraTactivity. Preferably, each
nucleic acid is on the sa me expression vector. In a separate embodiment, each
nucleic acid molecule is 011 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 IT activity and the nucleic acid molecule encoding a polypeptide  -45-
having CmT H activity are on the same expression vector. The invention also
provides that the nucleic acid molecule encoding a Mardi is on one expression
vector, and the nucleic acid molecule encoding a fusion polypeptide and the
nucleic acid molecule encoding a polypeptide having CmT H activity are on the
same expression vector. The invention also provides that the nucleic acid
molecule encoding the finT LI 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. In a preferred embodiment, the fusion polypeptide comprises the
catalytic domain of Galt In a further preferred embodiment, the Golgi
localization domain is the localization domain of Man II, f3(1,2)-N-
acetylglucosaminyltransferase I, 13(l ,2)-N-acetylglucosaminyltransferase
mannosidase I or al ,6-N core fucosyltransferase. [0122]The invention further
provides 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 H 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 Fe region of an
immunoglobin. 



[0123]The invention also provides a host cell engineered to express at least
one nucleic acid encoding a fusion polypeptide having OnT III activity, at
least one nucleic acid encoding a polypeptide having Man LI and at least one
nucleic acid encoding a polypeptide having GnT 11 activity in an amount
sufficient to modify the oligosaccharides in the Fc region of a pol ypep tide
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 Fe region of an immtmoglobin.  [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 baying Man II  -46- activity in an amount sufficient to
modifythe ohgosaccharides in the Fe 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 Fe region of an
:minima globia [0125]In a separate embodiment, the present invention also
provides a host cell engineered to express at least one nucleic acid encoding
a fusion polypeptide having GaIT activity, at least one nucleic acid encoding
a polypeptide having Man II and at least one nucleic acid encoding a
polypeptide having OnT 11. activity in an amount sufficient to modify the
ofigosaccharides in the Fe 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.
Preferably, the polypeptide produced by the host cell exhibits increased Fe
receptor binding affinity as a result of the modification. In an additionally
preferred embodiment, the polypeptide produced by the host cell exhibits
increased effector function as a result of the modification. Preferably, the
increased effector function is one or more of increased Fcmediated cellular
cytotoxicity, increased binding In INTK cells, increased binding to
macrophages, increased binding to polymorphonuclear cells, increased binding
to monocytes, increased direct signaling induced apoptosis, increased
dendritic cell maturation, and/or increased T cell priming. [0126]In an
additional embodiment, the invention is directed to a method for producing a
polypeptide in a host cell, comprising culturing a host cell engineered to
express at least one nucleic acid encoding a fusion polypoptide having GnT Ell
activity and at least one a nucleic acid encoding a polypoptide having Man U
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 ermivalent to the :Fe
region of an irnmunoglohulin, wherein the fusion polypeptide is expressed in
an amount sufficient to modify the oligosacchari des in the Pc region of the
polypeptide produced by the host cell; and isolating the polypeptide.
Preferably,  -47-- the host cell is further engineered to erpress at least one
nucleic acid encoding a polypeptide having CinT H activity. In an additionally
preferred embodiment, the fusion polypeptide comprises the catalytic domain of
Gni- In a further preferred embodiment, the fision polypeptide farther
comprises the Golgi localization domain of a heterologous Golgi resident
polypeptide. Preferably, the Golgi localization domain is the localization
domain of mannosidase II, N-acetyiglucosarninyltransferase I, mannosidase I,
(1,2)-NacetylgtucosarninyltransferRse II or al-6 core fucosyltransferase.
Preferably, the polypeptide has increased effector function as a result of the
above modification. 101.271  The invention is further 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 CralT 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 equivalen;
to the Fc region of an immuno globulin, wherein the fusion polypeptide is
expressed us an amount sufficient to modify the oligosacc'narides in the Pc
region of the polypeptide produced by the host cell; and isolating the
polypeptide. In an additional embodiment, the host cell is further engineered
to express at least one nucleic acid encoding a polypeptide having GnT II
activity. Preferably, the fusion polypeptide comprises the catalytic domain of
GalT. Also preferred is that the fusion polypeptide further comprises the Go
Igi localization domain Of a heterologous Golgi resident polypeptide.
Preferably, the Golgi localization domain is the localization domain of
mantosidase II,PO ,2)-N-acetylgjucosaminyltransferase I, matmosidase I,
[3(l,2)- N-acetylglucosaminyltransferase II or al-6 Pore fucasyltransferase,
Preferably, the polypeptide has increased effector function as a result of the
above modification. Specifically, in a preferred embodiment, the pulypeptide
produced by the host cell has an increased proportion of bisected,
nonfacosylated oligosaccharides in the Pc region of the polypeptide.
Preferably, the bisected, norfucosylated oligosaccharides am hybrid. Even more
preferably, thebisected, nonfucosylated oligosaccharides are complex. In a
preferred embodiment, at least  



-48- from about 10% to 95% of the oligosaccharides in the Fe region of the
polypoptide are bisected, nonfucosylated. Especially preferred is that about
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%
of the oLigos accharides in the Fe region of the glycoengineered polypeptides
of the present invention are bisected, nonfucosylated. 101281In an
additionally preferred embodiment, the present invention provides that the
antibodies engineered according to the methods of the present invention have
increased effector function. [0129]In an additional embodiment, the invention
further provides  pharmaceutical compositions comprising the antibodies
engineered according to the methods of the present invention. Preferably, the
pharmaceutical  compositions of the present invention comprise a
pharmaceutically acceptable carrier. [0130]The invention further provides a
method for the treatment of cancerous tumors comprising administering a
therapeutically effective amount of the pharmaceutical compositions of the
present inventi on to a patient in need thereof. [0131] The invention is
further directed to a method for producing a polypeptide having increased
Pc-mediated cellular cytotoxicity in a host cell, comprising culturing a host
cell engineered to express at least one nucleic acid encoding GaIT and at
least one nucleic acid encoding Man II under conditions which permit the
production of a polypcptide selected from the group consisting of a whole
antibody molecule, an antibody fragment that included the Fe region of an
immunoglobulin, wherein the expression level of one or both of GalT or Man IT
is sufficient to modify the oligosaccharides in the Fe region of the
polypeptide produced by the host cell and wherein the polypeptide has
increased Pc-mediated cellular cytotoxicity as a result of the modification;
and isolating the polypeptide having increased Pc-mediated cellular
cytotoxicity. In an additionally preferred embodiment, the expression level of
GaIT produces an antibody molecule or antibody fragment that includes the Fe
region of an immunoglobin having increased Pc-mediated cellular cytotoxicity.
[0132]The invention is further directed to a method for producing a
polypeptide having increased Pc-mediated cellular cytotoxicity in a host cell,
comprising  -49- culturing a host cell engineered to express at least one
nucleic acid encoding Gall 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 GrdT or Man II is sufficient to modify the oligosaccharides in
the Fe region of the polypeptide produced by the host cell and whereinthe po
lypepti de has increased Pc-mediated cellular cytotoxicity as a result of the
modification; and isolating the polypeptide having increased Fe-mediated
cellular cytotoxieity. La. a preferred embodiment, the above host cell further
comprises at least one nucleic acid encoding GnT wherein the GnT III is
expressed in an amount sufficient to modify the oligosaecharides in the Fe
region of the polypeptide produced by the host cell and wherein the
polypeptide has increased Fe-mediated cellular cytotoxicity as a result of the
modification. Preferably, the expression level of one or mom of GalT, Man if
or GinT HI is suflicient to form bisected oligosaccharides in the Pc region of
the polypeptide. Even more preferably, the proportion of bisected
oligosaccharides in the Fe region to total oligosacchatides in the Fe region
is at least about 25, 35,45, 55, 60, 65, 70, 75, 80, 85, 90 or 95 percent
Preferably, the proportion of bisected oligosaccharides in the Fe region to
total oligosaechatides in the Fe region is at least about 45 percent. In a
preferred embodiment, the bisected oligosacctuarides are complex ottybrid.
Preferably, the host cell is a mammalian cell, a yeast cell, an insect cell or
a plant cell. Even more preferably, the host cell is a plant cell. 



101331In another aspect, the present invention is directed to a method fcr
producing a polypeptide in a host cell, comprising:       a. culturing a host
cell engineered to express at least one nucleic acid encoding a polypepride
having a-Mannosidase II activity under conditions which permit the production
of a polypeptide selected from the group consisting of a whole antibody
molecule, an antibody fragment, and a fusion protein that includes a reg an
equivalent to the Fe region of an irnmunoglobv lit, wherein said polypeplide
having ertylannosidase If activity is expressed in an amount  -50- sufficient
to modify the oligosaccharides in the Fe region of said polypeptide produced
by said host cell; and b. isolating said polypeptide produced by said host
cell. [01341The present invention is also directed to polypeptides,
particularly antibodies, having increased effector function and/or increased
Fe receptor binding as a result of said modified oligosacchardes as well as
their use in therapeutic compositions to treat disorders, particularly
tumors. Identification and Generation of Nucleic Acids Encoding A Protein for
Which Modification of The Glycosylation Pattern Is Desired [01351The present
invention provides methods for the generation and use ofhost cell systems for
the production of glycoforms of antibodies, antibody fragments containing the
Fe region, and fusion proteins which a region equivalent to the F region,
having increased Fe receptor binding affinity, preferably Fe activating
receptors, and/or having increased effector functions, inclrding antibody..
dependent cellular cytotoxicity. Identification of target epitopes and
generation of antibodies having potential therapeutic value, for which
modification of the glytosylation pattern is desired, and isolation of their
respective coding nucleic acid sequence is within the scope of the invention.
[01361Various procedures known in the art may be used for the production of
antibodies to target epitupes of interest. Such antibodies include but are
not limited to polyclonal, monoclonal, chimeric, humanized, fully-human,
single chain, Fab fragments and fragments produced by an ScFv, Fab, VH, IgG
expression library. Such antibodies may be useful, e.g., as diagnostic or
therapeutic agents. As therapeutic agents, neutralizing antibodies, Le.,
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 intraneritoneal (ip) injections of the relevant
antigen and an adjuvant. Various adjuvants may be used to increase the
immunological  -51- response, depending on the host species, including but
not limited to Freund's (complete and incomplete), mineral gels such as
aluminum hydroxide, surface active substances such as lysolecithin, plutonic
polyols, polyanicns, peptides, saponin, oil emulsions, keyhole limpet
hemocyanin, dinitropheno I, and potentially useful human adjuvants such as
BCG (bacille Calmette-Guerin) and Corynebacterium parvum. Animals are
immimized against the antigen, immunogenic conjugates, or derivatives by
combining, e.g., 100g or 5 g of the protein or conjugate (for rabbits or
mice, respectively) with 3 volumes of Freund's complete adjuvant and
injecting the solution intradennally at multiple sites. One month later, the
animals are boosted with 1/5 to 1/10 the original amount of peptide or
conjugate in Freund's adjuvant by subcutaneous injection at multiple sites.
Seven, to 14 days later the animals are bled and the serum is assayed for
antibody titer. Animals are boosted until the titer plateaus. Preferably, the
animal is boosted with the conjugate of the same antigen, but conjugated to
different protein and/or through a different cross-linking reagent.
Conjugates can also be made in recombinant cell culture as protein fusions.
[0138] Monoclonal antibodies to the target of interest may be prepared using
any technique which provides for the production of antibody molecules by
continuous cell lines in culture, These include, but ate not limited to, the
hybridoma technique originally described by Kohler and Milstein, Nature 256;
495-97 (1975), the human B-cell hybridoma t=hrique (Kosher et at , Immunology
Today 4:72 (1983); Cote et al , Proc. Natl. Acad. Ai_ U.S.A. 80:2026-30(1983
) and the EBV-hybridoma technique (Cole et al, Monoclonal Antibodies and
Cancer Therapy 77-96 (Alan It Liss, Inc., 1985)). In addition, techniques
developed for the production of "chimeric antibodies" (Morrison et al., Proc.
Natl. Acad. Set U.S.A. 81:6851-55(1984); Neuberger et al., Nature 312:604-08
(1984) ; Takeda et cl., 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 chiineric 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  -52- to produce single chain antibodies
having a desired specificity. The invention is anther directed to humanized
antibodies that have been glycoengiceered according to the methods of the
present invention. Techniques for generating humanized antibodies are
disclosed, for example, in U.S. Pat. No. 6,180,320 to Queens: al., the entire
contents of which are incorporated herein in their entirety. [0139] Antibody
fragments which contain specific binding sites of the target protein of
interest may be generated by known teclutiqu e.s. For example, such fragments
include, but are not limited to, F(ab)2 fragments which can be produced by
pepsin digestion of the antibody molecule and the Fab fragments which can be
generated by reducing the disulfide bridges of the F(ah)2 fragments.
Alternatively, Fab expression libraries may be constructed (Huse et al.,
Science 246:1275-81 (1989) to allow rapid and easy identification of
monoclonal Fab fragments with the desired specificity to the target protein
of interest. [01401 Once an antibody or antibody fragment has been identified
for which modification in the glycosylation pattern are desired, the coding
nucleic acid sequence is identified and isolated using techniques well known
in the art. a.Generation Of Cell Lines For The Production Of Proteins With
Altered Olycosylation Pattern [0141JThe present invention provides host cell
expression systems for the generation of proteins having modified
glycosylation patterns. In particular, the present invention provides host
cell systems for the generation of glyco forms of 



proteins having an improved therapeutic value. Therefore, in one aspect, the
invention provides host cell expression systems selected or enginecLk.c1 to
express, e.g., a fusion polypeptide having
13(1,4)-N-acetylglucosaminylfran.sferase (GOBI) activity and comprising the
Golgi localization domainof a heterologous Golgi resident polyp eptide.
Specifically, such host cell expression systems may be engineered to comprise
a recombinant nucleic acid molecule encoding such fusion polypeptide,
operatively linked to a constitutive or regulated promoter system. [0142]In
one specific embodiment, the present invention provides ahost cell that has
been engineered to express at least one nucleic acid encoding a fusion  -53-
polypeptide having 13(1,4)-N-acetylglucosaminyltransferase Ill (GnTIII)
activity and comprising the Golgi localization domain of a heterologous Crolgi
resident polypeptide. In one aspect, the host cell is engineered with a
nucleic acid molecule comprising at least one gene encoding a fusion
polypeptide having f3(1,4)-N-acetylglucosaminyltran.sferase UI (Gni iii)
activity and comprising the Golgi localization domain of a heterologous Golgi
resident polypeptide.  [0143] Generally, any type of cultured cell line can be
used as a background to engineer the host cell lines of the present invention.
In a preferred embodiment, CHO cells, 1311K cells, NSO cells, SP2/0 cells, YO
myeloma cells, P3X63 mouse myeloma cells, PER cells, PER.C6 cells or hybridoma
cells, other mammalian cells, yeast cells, insect cells, or plant cells are
used as the background cell line to generate the engineered host cells of the
invention. (See Ma, J. K-C., et at, Nature Genetics 4:794-805 (October 2003)
and references cited therein) (the entire contents of which are hereby
incorporated by reference). [0144]The invention is contemplated to encompass
any engineered host cells expressing a fusion polypeptide having
13(1,4)-N-acetyl glucosaminyltransferase UI (GnTIII) activity and comprising
the Golgi localization domain of a heterologous Golgi resident polypeptide as
defined herein. [0145]One or several nucleic acids encoding a fusion
polypeptide having p(1,4)- N-acetylglucusaminyltransferase III (GnTI11)
activity and comprising the Golgi localization domain of a heterologous Golgi
resident polypeptide may be expressed under the control of a constitutive
promoter or, alternately, a regulated 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 gluc,ocorticoid-inducible expression system, a
temperature-inducible promoter system, and a metallothionein metal-inducible
expression system. If several different nucleic acids encoding fusion
polypeptides having P(1,4)-Nacetylglucosaminyltransferase Ill (GnITOD 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 wider the control of a constitutive promoter, while others are
expressed under the control of a regulated  -54- 



promoter. The maximal expression level is considered to be the highest
possible level of stable fusion polypeptide expression that does not have a
significant adverse effect on cell growth rate, and will be determined using
routine experimentation. Expression levels are determined by methods generally
known in the art, including Western blot analysis using an antibody specific
for the polypeptide having Crania activity or an antibody specific for a
peptide tag fused to the polypeptide having Grand activity, Northern blot
analysis using a nucleic acid probe specific for the gene encoding the
polypeptide having GnTLII activity or a nucleic acid probe specific for a
nucleic acid encoding a peptide tag fused to the polypeptide having Gr' iTIII
activity, or measurement of GnTTII activity. Alternatively, a lead' may be
employed which binds to biosynthetic products of the GnTIII, for example,
E4-PHA lectin. Alternatively, a functional assay which measures the increased
Fe receptor binding or increased effector function mediated by antibodies
produced by the cells engineered with the nucleic acid encoding a polypeptide
with GnTIll activity, may be used. In a further alternative, the nucleic acid
may be operatively linked to a reporter gene; the expression levels of the
fusion polypeptide having(1,4)-N- acetylglucosaminyltransferase(CmTill)
activity and comprising the Golgi localization domain of a heterologous Golgi
resident polyp ep tid e are determined by measuring a signal correlated with
the expression level of the reporter gene. The reporter gene may transcribed
together with the nucleic acid(s) encoding the fusion polypeptide as a single
rnRNA molecule; their respective coding sequences may be linked either by an
internal ribosome entry site (RIBS) or by a cap-independent translation
enhancer (CITE). The reporter gene may be translated together with at least
one nucleic acid encoding the fusion polweptide having
p(1,4)-N-acetylglucosaminyltrans1aase Ill (Gn'TIII) 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  -55- separate
messenger RNA (m.RNA) molecules; one of the resulting raRNAs is translated
into the reporter protein, and the other is translated into the fusion
polypeptide [01461If several different nucleic acids encoding a fusion
polypeptide having 13(1,4)-N-acetylglucosaminyltransferase ifi (Cm till)
activity and comprising the Golgi localization domain of a heterologous Golid
resident polypeptide are expressed, they may be arranged in such way that they
are transcribed as one or as several mRNA molecules. If they are transcribed
as a single naRNA molecule, their respective coding sequences may be linked
either by an inteinal ribosome entry site (JRES) or by a cap-independent
translation enhancer (CITE). They may be transcribed from a single promoter
into an RNA molecule which is alternatively spliced into several separate
messenger RNA (mRNA) molecules, which then are each translated into their
respective encoded fusion polypeptides. [014'71  ha other embodiments, the
present invention provides host cell expression systems for the generation of
therapeutic antibodies, having increased Fc receptor binding affinity,
particularly bindin  to Pc activating receptors, and increased effector
function, including antibody-dependent cellular cytotoxirity,. Generally, the
host cell expression syst-mq have been engineered and/or selected to express
nucleic adds encoding the antibody for which the production of altered
glycoforms is desired, along with at least one nucleic acid encoding a fusion
polypeptide having 3(1,4)-N-acetylglucosaminyltransferase III (Gni I11)
activity and comprising the Golgi localization domain of a heterologous Golgi
resident polypcptide. In one embodiment, the host cell system is transfected
with at least one nucleic add encoding such fusion polypepticle, 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 lime can be used as background to engineer the host cell lines of the
present invention. In a preferred embodiment, CEO cells, Elia 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  -56-
whole antibody molecule, an aiLibody fragment containing the Fe region of an
immunoglobtilir, or a fusion protein that includes a region equivalent to the
Pe region of an immtmoglobulin. Typically such antibody production cell lines
are derived from clones producing and secreting the antibody at high specific
pmdurtivities in the range between 20 to 120 pg/(cell.clay). In an alternative
embodiment, a hybridoma cell line expressing a particular antibody of interest
is used as background cell line to generate the engineered host cells of the
invention. 



(0149)In one embodiment the nucleic acids encoding the antibody, antibody
fragment or Pc-fusion polypeptide are cloned into antibody-expression vectors
and then are transfected into the host cells and cell clones with high and
stable specific antibody productivity are selected and satiated for. Such
selected clones are then transfected with glycoprotein-modifying
glyeoslytraasferase expression vectors containing nucleic acids encoding, fur
example, (a) afusion polypeptide with beta
1,4-N-aeetylgluycosaminyltransferase Ill (Giffin) activity, or (b)a fusion
polypeptide with beta 1,4-galactosyltransferase (Gall) activity, or (c)a
polypeptide with Golgi alpha-mannosidase Ill (Mann) activity, or (d) a fusion
polypeptide with Galt" activity and a further polypeptide with Manll
activity, or (e) a fusion polypeptide with Gall activity and a further
polypeptide with Mania activity. Clones clones are then selected and screened
for stable expression of the antibody-encoding genes at levels leading to
high antibody specific productivities, and with stable expi e,ssion of the
glycoprotein-modifying glycosyltransferase genes at expression levels leading
to modification of the Pc region glycosylation pattern, including an increase
in the fraction of nonfucosyiated oligosaecharides 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 Fe receptor binding, particularly an
increase in Fc-FcyR111 binding affinity, and an increase in Pc receptor
mediated effector functions, including but not limited to Fe-dependent
cellular cytotoxicity. Selection and screening methods are described below.
(01501In another embodiment the order of the two transfections described
above, namely the antibody expression vectors transfection and the
glycoproteiri-  -57- modifying glycosyltransferase expression vectors
transfection, is reversed, i.e., host cells are first transfected with the
glycoprotein-modifying glycosyltransferase expression vectors and then with
the antibody expression vectors. In such approach the clones from the first
transfection may be screened for adequate stable expression levels of the
glycosyltransferase genes by any of the methods described further below, or
alternatively by transiently transfecting replicates of such clones with
antibody expression vectors and then applying the screening methods described
further below in order to identify clones with stable expression level of the
glycosyltiansferase genes at levels that lead to a modification of the Fe
region glyoosylation pattern and to an increase in Fc receptor, including
FcyRIEE receptors, binding affinity and an increase in Fe receptor-mediated
effector functions, including Pc-dependent cellular cytotoxicity, [0151]In a
further embodiment, the antibody-encoding genes and the glycosyltransferase
genes are transfected together in a single transfectiou step, either in a
single expression vector or in separate vectors. [0152]Typically, at least
one nucleic acid in the host cell system encodes a fusion polypeptide having
3( l ,4)-N-acetylglucosamirayltrans ferase Ill (GnT1II) activity or,
alternatively, [3(l ,4)-galactosyltransferase activity, and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide or,
alternatively, it encodes a polypeptide with Golgi a-niannosidase Li
activity.  [0153] One or several nucleic acids encoding a fusion polypeptide
of the invention may be expressed under the control of a constitutive
promoter, or alternately, a regulated expression system. Suitable regulated
expression systems include, but are not limited to, a tetracycline-regulated
expression system, an ecdysone-inducible expression system, a lacsswitch
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
polypeptidc having 3(l,4)-Nacetylglucosaminyltransferase III (GriTIII)
activity and comprising the Golgi localization domain of a heterologous Golgi
resident polypeptide are comprised within the host cell system, some of then]
may be expressed under the control of a  -58- constitutive promoter, while
others arc expressed under the control of a regulated promoter. The maximal
expression level is considered to be the highest possible level of stable
fusion polypeptide expression that does not have a significant adverse effect
on cell growth rate, and will be determined using routine experimentation.
Expression levels are determined by methods generally known in the art,
including Western blot analysis using e.g., an antibody specific for the
polypeptide having GnTIII activity or an antibody specific for apeptide tag
fused to the polypeptidc having GnTIll activity, Northern blot analysis using
a nucleic acid probe specific for e.g., the gene encoding the polypeptide
having CniTD1 activity or a nucleic acid probe specific for a nucleic acid
encoding a peptide tag fused to the polypeptide having GriTIII activity, or
measurement of GnTIE enzymatic activity. Alternatively, a lectin may be
employed which binds to biosynthetic products of CmTIII, for example, E4-PHA
lectin. Alternatively, a functional assay which measures the increased Pc
receptor binding or increased effector function mediated by antibodies
produced by the cells engineered with the nucleic acid encoding a polypeptide
with (in 1 III activity may be used. In a further alternative, the nucleic
acid may be operatively linked to a reporter gene; the expression levels of
the fusion polypeptide of the invention are determined by measuring a signal
correlated with the expression level of the reporter gene. The reporter gene
may be transcribed together with the nucleic acid(s) encoding said
glycoprotein-modifying glyeosyl transferase as a single nil2NA Molecule;
their respective coding sequences may be linked either by an internal
ribosome entry site (LRES) or by a cap-independent translation enhancer
(CITE). The reporter gene may be translated together with at least one
nucleic acid encoding a fusion polypeptide having 13( 1,4
)-N-acetylglucosaminyltransferase 131 (Omni) 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 



-59- (raRNA) molecules; one of the resulting mRNAs is translated into said
reporter protein, and the other is translated into said fusion polypeptide.
[0154]If several different nucleic acids encoding a fusion polypeptide having
11(1,4)-N-acetylglucosarninyltransferase (Gunn) activity and comprising the
Golgi localization domain of a heterologous Golgi resident polypeptide are
expressed, they may be arranged in such way that they are transcribed as one
or as several iiiRNA molecules. If they are transcribed as single mRNA
molecule, their respective coding sequences may be linked either by an
internal ribosome entry site (TRES) or by a cap-independent translation
enhancer (CITE). They may be transcribed from a single promoter into an RNA
molecule which is alternatively spliced into several separate messenger RNA
(mRNA) molecules, which then are each translated into their respective encoded
fusion polypeptides. Expression Systems [0155]Methods which are well lmcwn to
those skilled in the art can be used to construct expression vectors
containing the coding sequence of the protein of interest and the coding
sequence of a fusion polypeptide having p(1.,4)-Nacetylglucosaminyltransferase
HI (On fill) activity and comprising the Golgi localization domain of a
heterologous Golgi resident polypeptide along with appropriate
tiaascriptional/translational control signals. These methods include in vitro
recombinant DNA techniques, synthetic techniques and in vivo
recombinationigenedc recombination. See, for example, the techniques described
in Maniatis at al., Molecular Cloning A LaboratoryManual, Cold Spring Harbor
Laboratory, N.Y. (1989) and Ausubel at 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 tiansfected 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,  -60- ERIC cells, NSO cells, SP210 cells, YO myeloma cells, P3X63
mouse myeloma cells, PER cells, PER_ C6 cells or hybridom a cells, other
mammalian cells, yeast cells, insect cells, or plant cells are used as host
cell system. Some examples of expression systems and selection methods are
described in the following references, and references therein: Borth et at,
Biotechnot Bioen. 71(4)-266-73 (2000-2001), in Werner et at,
Arzneftnittelforschung/Drug Res. 48(8):870-80 (l99), in Andersen and
Kturnrcen, Our Op. BioteclvzoL 13:117-123 (2002), in Chadd and Chamecv, Cur-,
Op. Rioter...knot 12:188-194 (2001), and in Giddings, CWT. Op. Biotechnot 12:
450-454 (2001). in alternate embodiments, other eukaryo tic host cell systems
may be contemplated, including, yeast cells transformed with recombinant yeast
expression vectors containing the coding sequence of the protein of interest
and the coding sequence of the fusion polypeptide of the invention; insect
cell systems infected with recombinant virus expnession vectois (e.g.,
baculovirus) containing the coding sequence of the protein of inten est and
the coding sequence of the fusion polypeptide of the invention; plant cell
systems infected with recombinant virus expression sectors (e.g., cauliflower
mosaic virus, CAW; tobacco mosaic viru.s, TMV) or transformed with recombinant
plasm-lid expression vectors (e.g., Ti plasmid) containing the coding sequence
of the protein of interest and the coding sequence of the fusion polypeptide
of the invention; or animal cell systems infected with recombinant virus
expression vectors (e.g., adenovirus, vaccinia virus) including cell Lines
engineered to containmultiple copies of the DNA encoding the protein of
interest and the coding sequence of the fusion polypeptide of the invention
either stably amplified (CHO/dlifir) or unstably amplified in double-minute
chromosomes (e.g., munne cell lines). (0157)For the methods of this invention,
stable expression is generally preferred to transient expression because it
typically achieves more reproducibleresults and also is 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,  



-61- transcription terminators, polyadenylation sites, etc.), and a selectable
marker. Following the introduction of foreign DNA, engineered cells may be
allowed to grow for 1-2 days in an enriched media, and then are switched to a
selective media. The selectable marker in the recombinant plasraid confers
resistance to the selection and allows selection of cells which have stably
integrated the plasmid into their chromosomes and grow to form foci which in
turn can be cloned and expanded into cell lines. 0158]A number of selection
systems maybe used, including, but not limited to, the herpes simplex virus
thyrnidine Icinase (Wigler etal., Cell 11:223 (1977)), hypoxanttnne-guanine
phosphoribosyltransferase (Szybalska & SzybaLski, Proc. Nail Acad. Set USA
48:2026 (1962)), and adenine phosphoribosyltransferase (Lowy era?,, Cell
22:817 (1980)) genes, which can be employed In ti, ttgprt. or aprf cells,
respectively. Also, antimetabolite resistance can be used as the basis of
selection for dher, which confers resistance to methotrexate (Wigler et al.,
Natl. Acad. Sot USA 77:3567 (1989); O'Hare et al., Proc. Natl. Acad 3ci. USA
78:1527(1981)); gpt, which confers reistaiLce to mycopbcuolic acid (Mulligan &
Berg, Proc. Natl. Acad. Sci. USA 78:2072 (1981)); neo, which confers
resistance to the aminoglycoside G-418 (Colberre-Garapin et at., Mol. Shot
150:1 (1981)); and hygro, which confers resistance to hygromycin (Santene et
al., Gene 30:147 (1984) genes. Recently, additional, selectable genes have
been dcribed., namely trpB, which allows cells to utilize indole in place of
tryptophatr, hisD, which allows cells to utilize histinol in place of
histidine (Hartman & Mulligan, Proc. NatL Acad. Sci. USA 85:8047(1988)); the
glutamine synthase system; and ODC (ornithine decarboxylase) which confers
resistance to the ornithine decarboxyl ase inhibitor, 2
-(difluoromethyl)-DL-otaithi ne, DFMO (Mc Conlogue, in: Current Communications
in Molecular Biology, Cold Spring Harbor Laboratory ed. (1987)).  -62-
Identification Of Transfectants Or Transfonnants That Express The Protein
Having A Modified Glycosylation Pattern [0159]The host cells which contain the
coding sequence and which express the biologically active gene products may be
identified by at least four general approaches; (a) DNA-DNA or DNA-RNA
hybridization; (b) the presence or absence of "marker" gene functions; (0)
assessing the level of transcription as measured by the expression of the
respective roRNA transcripts in the host cell; and (el) detection of the gene
product as measured by immunoassay or by its biological activity. [0160]In the
first approach, the presence of the coding sequence ef theprotein of interest
and the coding sequence of the fusion polypeptide of the invention inserted in
the expression vector can be detected by DNA-DNA or DNA-RNA hybridization
using probes comprising nucleotide sequences that are homologous to the
respective coding sequences, respectively, or portions or derivatives thereof
[0161]In the second approach, the recombinant expression vector/host system
can be identified and selected based upon the presence or absence of certain
'marker" gene functions (e.g., tbymidine kinase activity, resistance to
antibiotics, resistance to methotrexate, transformation phenotype, occlusion
body formation in baculovirus, etc.). For example, if the coding sequence of
the protein of interest and the coding sequence of the fusion polypeptide of
the invention are inserted within a marker gene sequence of the vector,
recombinants containing the respective coding sequences can be identified by
the absence of the marker gene function, 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 o Fthe 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 polyneptidc of the invention can be assessed
by hybridization assays. For example, RNA can be  



-63- isolated and analyzed by Northern blot using a probe homologous to the
coding sequences of the protein of interest and the coding sequence of the
fusion polypeptide of the invention or particular portions thereof.
Alternatively, total nucleic acids of the host cell may be extracted and
assayed for hybridization to such probes. [0163]In the fourth approach, the
expression of the protein products of the protein of interest and the coding
sequence of the fusion polypeptide having (1,4)-N-acetylglueo s am in y 1 t ra
nsferase n (GuTIll) activity and comprising the Golgi localization domain of a
heterologous Golgi resident polypeptide can be assessed immunologically, for
ex ample by Western blots, immunoassays such as radioimmuno-precipitation,
enzyme-linked immunoass. ays and the like. The ultimate test of the success of
the exprcssior, system, however, involves the detection of the biologically
acdVe gene products. b.Generation And Use Of Proteins And Protein Fragments
Having Altered Glycosylation Patnaus Generation And Use Of Antibodies Having
Increased Effector Function Including Antibody Dependent Cellular Cytotoxicity
101641In preferred embodiments, the present invention provides glycofonaas of
antibodies and antibody fragments having increased Fe receptor binding and/or
effector function including antibody-dependent cellular cytotoxicity. [0165]
Clinical trials of unconjugatcd monoclonal antibodies (inAbs) for the
treatment of some types of cancer have recently yielded encouraging results.
Dillruan, Cancer Blather, & Radicmitarm. 12123-25 (1997); Deo et at,
Immunology Today 18:127 (1997). A chimeric, unc,onjugated IgGI has been
approved for low-grade or follicular B-cell non-Hodgkin's lymphoma. Dillman,
Cancer Rzother, & Radiopharm 12:223-25 (1997), while another unconjugated mAb,
a Myrna/1;7ed IgG1 targeting solid breast tumors, has also been showing
promising results in phase Ill clinical trials. Deo et at, Immunology Today
18:127 (1997). The antigens of these two InAbs are highly expressed in their
respective tumor cells and the antibodies mediate potent tumor destruction by
-6'4- effector cells in vitro and in vivo. In contrast, many other
uncoajugated mAbs with fine tumor specificities cannot trigger effector
functions of sufficient potency to be clinically useful. Frost et at, Cancer
80:317-33 (1997); Surfus et at, .1 Immunother. /9:184-91(1996). For some of
these weaker mAbs, adjunct cytolcine therapy is currently being tested.
Addition of eytokines can stimulate antibody-dependent cellular cytotoxicity
(ADCC) by increasing the activity and number of circulating lymphocytes. Frost
et al., Cancer 80:317-33 (1991); Surfus et at, 1 Immunother. 19:184-91 (1996).
ADCC, a lytic attack on antibody-targeted cells, is triggered upon binding of
leukocyte receptors to the constant region (Fe) of antibodies. Deo et at,
Immunology Today 18:127 (1997). 101661  A different, but complementary,
approach to increase ADCC activity of unconjugated IgGls is to engineer the Fe
region of the antibody. Protein engineering studies have shown that FeyRs
interact with the lower hinge region of the IgG CH2 domain. Lund ef al "I.
Imtmezot 157:49(13419(1996). However, FeyR binding also requires the presence
of oligosaecharides covalently attached at the conserved Mn 297 in the CH2
region. Lund et al.,' Immunot / 57:4963- 69 (1996); Wright and Morrison,
Trends Biotech. 15:26-31 (1997), suggesting that either oligosaccharide and
polypeptidc both directly contribute to the interaction site or that the
oligosaccharide is required to maintain ari active CH2 polypeptide
conformation. Modification of the oligosaccharide stnicture can therefore be
explored as a means to increase the affinity of the interaction. [0167]  An
IgG molecule carries two N-linked oligosaccharides in its Fc region, one on
each heavy chain. As any glycoprotein, an antibody is produced as a population
of glyeoforms 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
(Wonnald et at, Biochemistry 36:130-38 (1997), with low level of terminal
sialic acid and bisecting N-acetylglucosarnine (G IcNAc), and a variable
degree of terminal gaLactosylation and core fuoosylation. Some studies suggest
that the minimal carbohydrate structure required for FcyR binding lies within
the oligosaccharide core. Lund etal., T.  Immunot /57:4963-69 (1996) 



-65- (0168]The mouse- or hamster-derived cell lines used in industry and
academia for production of unconjugated therapeutic mAbs normally attach the
required oligosaccharide determinants to Fc sites. IgGs expressed in these
cell lines lack, however, the bisecting GIGNAc found in low amounts in serum
IgGs. Lifely et al., Glycobiolov 378:813-22 (1995). In contrast, it was
recently observed that a rat myeloma-produced, humanized IgG1 (CAMPATH-1H)
carried a bisecting Gl.cNAc in some of its gtycoforrns. Lifely et al.,
Glycobiology 318:813-22 (1995). The rat cell-derived antibody reached a
similar maximal in vitro ADCC activity as CAMPATH-1H antibodies produced in
standard cell lines, but at significantly lower antibody concentrations.
[0169.1The CA/V1PATH antigen is normally present at high levels on lymphoma
cells, and this chimeric mAb has high ADCC activity in the absence of a
bisecting GleNAc. Lifely et at, Glycobioloo 118:813-22 (1995). In the
N-linked glycosylation pathway, a bisecting GIcNAc is added by the enzyme
13(1,4) NLacetyleucosaminyltransferase lit (CmT III). Schachter, Biochem.
Cell Biol. 64:163-81 (1986). [0170)Previous studies used a single
antibody-producing CEO cell line, that was previously engineered to express,
in an externally-regulated fashion, different levels of a cloned GnT III gene
enzyme (Umana, P., et a),, Nature Biotechnot 7:176-180 (1999)). This approach
established for the first time a rigorous correlation between expression of
GnTM and the ADCC activity of the modified antibody. [0171.]Further
antibodies of the invention having increased Pc receptor binding affinity and
increased effector function include, but are not limited to, anti-human
neuroblastoma monoclonal antibody (chCE7) produced by the methods of the
invention, a chimeric anti-human renal cell carcinoma monoclonal antibody
(chG250) produced by the methods of the invention, a humani7ed anti-HER2
monoclonal antibody (e.g., Trastuzuraab (IfERCEPTIN)) produced by the methods
of the invention, a chimeric anti-human colon, lung, and breast carcinoma
monoclonal antibody (1MG-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  -66- colorectal tumor
antibody (A33) produced by the methods of the invention, an anti-human
melanoma antibody (R24) directed against G1)3 ganglioside produced by the
methods of the invention, and a chimeric anti-human squarnouscell carcinoma
monoclonal antibody (SF-25) produced by the methods of the invention, an
anti-human small cell lung carcinoma monoclonal antibody (BEC2, ImClone
Systems, Merck KgaA) produced by the methods of the invention, an anti-human
non-Hodgkin's lymphoma monoclonal antibody (Bexxar (tositurnomab, Coulter
Pharmaceuticals), Oncolym (Teclaniclone, Alpha Therapeutic)) produced by the
methods of the invention, an anti-human squamous cell head and neck carcinoma
monoclonal antibody (C225, ImClone Systems) prepared by the methods of the
invention, an anti-11111712n rectal and colon carcinoma monoclonal antibody
(Panorex (edrecolomab); Centocor, (Jlaxo Wellcome) pi epared by the methods
of the invention, an anti-human ovarian carcinoma monoclonal antibody
(Theragyn, Anti soma) produced by the methods of the invention, an anti-human
acute myelogenous leukemia carcinoma monoclonal antibody (SmartM195, Protein
Design Labs, Kanebo) produced by the methods of the invention, an anti-hunQan
malignant glioma monoclonal antibody (Cotara, Tcchuiclone, Cambridge Antibody
Technology) produced by the methods of the invention, an anti-human B cell
non-Hodgkins lymphoma monoclonal antibody (IDEC-Y2B8, MEC Pharmaceuticals)
produced by the methods of the invention, an anti-human solid tumors
monoclonal antibody (CEA-Cide, Inanunomedies) produced by the methods of the
invention, an antihuman colorectal carcinoma monoclonal antibody (Iodine
131-MN-14, Imrnunomedics) produced by the methods o f the invention, an
anti-human ovary, kidney, breast, and prostate carcinoma monoclonal antibody
(IvfDX-210, Medarex, No yarns) produced by the methods of the invention, an
anti-human colorectal and pancreas carcinoma monoclonal antibody (TTMA,
Pharm. acie 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 BGEr-expressing carcinoma
monoclonal antibody (MDX-447) produced by the methods of the invention,
Anti-VEGF rnonocional antibody (Genentech) produced by the methods of the
-67- 



invention, an anti-human breast, lung, prostate and pancreas carcinoma and
malignant melanoma monoclonal antibody (BrevaRex, AltaRex) produced by the
methods of the invention, and an anti-human acute myelogenous leukemia
monoclonal antibody (Monoclonal Antibody Conjugate, Inarnunex) produced by
the methods of the invention, In addition, the invention is directed to
antibody fragment and fusion proteins comprising a region that is equivalent
to the Fc region of immunoglobulins. Generation And Use Of Fusion Proteins
Comprising A Region Equivalent To An Pc Region Of An Immuno globulin That
Promote Pc-Mediated Cytotoxicity [0172]As discussed above, the present
invention relates to a method for Increasing the Pc receptor binding affinity
and/or effector function of therapeutic antibodies. This is achieved by
engineering the glycosylation pattern of the Pc region of such antibodies, in
particular by engineering the antibody-producing cells to produce a
polypeptide with, e.g.. GnTEI activity or Gal T activity, or Man TT activity,
that modifies the oligosaccharides attached to the Fe region of such
antibodies. This strategy can be applied to increase Fe-mediated cellular
cytotoxicity against undesirable cells mediated by any molecule carrying a
region that is an equivalent to the Pc region of an immunoglohnlin, not only
by therapeutic antibodies, since the changes introduced by the engineering of
glycosylation affect only the Pc region and therefore its Intel actions with
the Pc receptors on the surface of effector cells involved in the ADCC
mechanism. Fe-containing molecules to which the presently disclosed methods
can be applied include, but are not limited to, (a) soluble fusion proteins
made of a targeting protein domain fused to the N-terminus of an Fc-region
(Chamov and Ashkenazi, Trends Biotech. 14: 52 (1996) and (b) plasma
membrane-anchored fusion proteins made of a type II transmendiraue domain
that localizes to the plasma membrane fused to the N-terminus clan Pc region
(Stabila, PY., NatureBiorech. 16: 1357 (1998)).  -68- [0173]In the case of
soluble fusion proteins (a) the targeting domain directs binding of the
fusion protein to undesirable cells such as cancer cells, Le,, in an
analogous fashion to therapeutic antibodies, The application of presently
disclosed method to enhance the effector function, including Pc-mediated
cellular cytotoxic activity, mediated by these molecules would therefore be
identical to the method applied to therapeutic antibodies. l01741In the case
of membrane-anchored fusion proteins (b) the undesirable cells in the body
have to express the gene encoding the fusion protein. This can be achieved
either by gene therapy approaches, Le, by transfecting the cells in vivo with
a plasmid or viral vector that directs expression of the fusion
protein-encoding gene to undesirable cells, or by implantation in the body of
cells genetically engineered to express the fusion protein on their surface.
The later cells would normally be implanted in the body inside a polymer
capsule (encapsulated cell therapy) where they cannot he destroyed by an
Pc-mediated cellular cytotoxicity mechanism. However should the capsule
device fail and the escaping cells become undesirable, then they can be
eliminated by Pc-mediated cellular cytotoxicity. Stabila et at, Nature
Biotech. 16:1357 (1998), In this case, the presently disclosed method would
be applied either by incorporating into the gam therapy vector an additional
gene expression cassette directing adequate or maximal expression levels of
the fusion polypeptide of the invention or by engineering the cells to be
implanted to express adequate or noutimal 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.
[01751The antibodies (Le., the antibodies, antibody fragments, and fusion
proteins comprising a region equivalent to the Pc region of an immunoglobuhn)
of the present uwention 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 hnutan carcinoma, For example, the antibodies can
be used in combination with standard or conventional neatment methods such as
chemotherapy, radiation therapy or can be conjugated or Linked to a
therapeutic 



-69- drug, or toxin, as well as to a lympholcine or a tumor-inhibitory gowth
factor, for delivery of the therapeutic agent to the site of the carcinoma.
10176]Techniques for conjugating such therapeutic agents to antibodies are
well known [see, e.g., Amon et al, "Monoclonal Antibodies for Immunotargeling
of Drugs in Cancer Therapy", in Monoclonal Antibodies and Cancer Therapy,
Reisfeld et at (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et at,
"Antibodies For Drug Delivery", in Controlled Drug Delivery (2nd Ed.),
Robinson et at (eds.), pp. 623-53 (Mane! Dekker, Inc. 1987); Thorpe, "Antibody
Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in Monoclonal
Antibodies '84: Biological And Clinical Applications, Pinchera el al. (eds.),
pp. 475-506 (1985); and Thorpe et al, "The Preparation And Cytotoxic
Properties Of Antibody-Toxin Conjugates", lannumol. Rev., 62:11 9-58 (1982)].
101771 Alternatively, a glycoengineered antibody can be coupled to high-energy
radiation, e.g., a radioisotope such as < [31> I, which, when localized at the
tumor site, results in a killing of several cell diameters [see, e.g., Order,
"Analysis, Results, and Future Prospective of The Therapeutic Use of
Radiolabelcd Antibody in Cancer Therapy", in Monoclonal Antibodies For Cancer
Detection And Therapy, Baldwin et at (eds.), pp. 303-16 (Academic Press
1985)). According to yet another embodiment, the antibodies of the invention
can be conjugated to a second antibody to form an antibody heteroconjugate for
the treatment of tumor cells as described by Segal in U.S. Pat. No. 4,676,980.
101781 Still other therapeutic applications for the antibodies of the
invention include conjugation or linkage, e.g., by recombinant DNA techniques,
to an enzyme capable of converting a prodrug into a cytotoxic drug and the use
of that antibody-enzyme conjugate in combination with the prodrug to convert
the prodrug to a cytotoxic agent at the tumor site [see, e.g., Setter et al.,
"Anti-Tumor Effects of Antibody-alkaline Phosphatase", Proc. Natl. Aced_ Sal.
USA 85:4842-46(1988); "Enhancement of the in vitro and in vivo Antitumor
Amivites of Pliosphorylateol 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,' RASES J. 4:188-193 (1990)].
-70- 10179]Still another therapeutic use for the antibodies of the invention
involves use, either in the presence of complement or as part of an
antibody-drug or antibody-toxin conjugate, to remove tumor cells from the bone
marrow of cancer patients. According to this approach, autologous bone marrow
may be purged ex vivo by treatment with the antibody and the marrow infused
back into the patient [see, e.g., Ramsay et al., "Bone Marrow Purging Using
Monoclonal Antibodies", J. Clin. Immunol., 8(2):81-88 (1988)].
101801Furthermore, chimeric antibodies, recombinant imnannotoxins and other
recombinant constructs of the invention containing the specificity of the
antigen-binding region of the desired monoclonal antibody may be used
therapeutically. For example, the single-chain immanotoxins of the invention,
may be used to teat bLunan carcinoma in vivo. [0181]Similarly, a fusion
protein comprising at least the antigen-binding region of an antibody of the
invention joined to at least a functionally active portion of a second protein
having anti-tumor activity, e.g., a lymphokinc or onc,ostatin can be used to
treat human carcinoma in vivo. Furthermore, recombinant techniques known in
the art can be used to construct bispecific antibodies wherein one of the
binding specificities of the antibody is directed to a tumor-associated
antigen, while the other binding specificity of the antibody is that of a
molecule other than said tumor-associated antigen. 



101821The present invention provides a method for selectively killing tumor
cells expressing an antigen that specifically binds to the monoclonal antibody
of the present invention or functional equivalent. This method comprises
reacting the glycoengineered antibodies of the present invention or
immunoconjugates (e.g. the imcnunotortin) 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 g,lycoengin eered antibodies of the invention or an rmrnunoconjugates
(e.g. the immunotoxin) comprising same.  [0184]hr a further aspect, the
invention is directed to an improved method for treating an autoinunune
disease produced in whole or in part by pathogenic autoantitodies based on
B-cell depletion comprising administering a therapeutically effective amount
of immunologically active antibody to a human subject in aced thereof, the
improvement comprising administering a therapeutically effective amount of an
antibody having increased ADCC prepared in accordance with the methods of the
invention. In a preferred embodiment, the ?antibody is an anti-C])20 antibody.
Examples of autoimmune diseases or disorders include, but are not limited to,
immune-mediated thrombocytcpemas. such as acute idiopathic thromboeytopenic
purpurea and chronic idiopathic tbrombocytopenic purpurea, dermatomyositis,
Sydenham's chorea, lupus nephritis, rheumatic fever, polyglandular syndromes,
Henoch-Scbonlein purpura, post-sti4dococcal nephritis, erythema nodosum,
Takayasu's arthritis, Addison's disease, erYthema nmItiforme, polyarteritis
nodose, ankylosing spondylitis, Goodpasture's syndrome, thromboangitis
ubiterans, prinnu-y biliary cirrhosis. Hashimoto's thyroiditis,
thyrotoxicosis, chronic active hepatitis, polymyositisiderinatomyositis,
polychondritis, pamphigus vulgaris, Wegener's granulomatosis, membranous
nephropathy, amyotrophic lateral sclerosis, tabes dorsalis, polymyaglia,
pernicious anemia, rapidlyprugressive glomeruloneplaritis and fibrosing
alveolitis, inflammatory responses such as inflammatory skin diseases
including psoriasis and dermatitis (e.g. atopic dermatitis); systemic
scleroderma and sclerosis; responses associated with inflammatorybowel disease
(such as Crohn's disease and ulcerative colitis); respiratory distress
syndrome (including adult respiratory distress syndrome; A.RDS); dermatitis;
meningitis; encephalitis; uveitis; colitis; glomerulonepluitis, 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
erytinematosus (SLF); diabetes mellitus (e.g. Type I diabetes mellitus or
insulin dependent diabetes mellitus); multiple sclerosis; Reynaud's syndrome;
autoirnunune thyroiditis; allergic encephalomyelitis; Sjorgen's syndrome;
juvenile onset diabetes; and immune responses associated with acute and
delayed hypersensitivity mediated by  -72- cytokines and T-lymphocytes
typically fcund in tuberculosis, sarcthdosis, polymyositis, granulomatosis and
vasculitis; pernicious auienia (Addison's disease); diseases involving
leukocyte diapedesis; central nervous systein(CNS) inflammatory disorder;
multiple organ injury syndrome; hemolytic anemia (including, but not limited
to cryoglobinemia or Coombs positive anemia); ruyasthenia gravis,
antigen-antibody complex mediated diseases; anti-glomerular basement membrane
disease; antiphospholipid syndrome; allergic neuritis; Graves' disease;
Lambert-Eaton myasthenic syndrome; pemphigoid pernphigas; autoimmune
polyendoctinopathies; Reiter's disease; stiff-man syndrome; Bchcet disease;
giant cell arteritis; immune complex nephritis; IgA nephropathy; IgM po
lyneuropathi es; immune thrombocytopenic purpura (1-1T) or autoimnaune
thrombocytopenia etc. In this aspect of the invention, the antibodies of the
invention are used to deplete the blood of normal B-cells for an extended
period. [01851In accordance with the practice of this invention, the subject
may be a human, equine, porcine, bovine, murine, canine, feline, and avian
subjects. Other warm blooded animals are also included in this invention.
[0186]The present invention also provides a method for treating a subject
suffering from a cancer. The subject may be a human, dog, cat, mouse, rat,
rabbit, horse, goat, sheep, cow, chicken. The cancer may be identified as a
breast, bladder, retinoblastoma, papillary cystadenricarcinoma 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 orindirectly to
cause or contribute to the killing of the cells so bound thereby curing the
subject 



[01871Also provided is a method cf inhibiting the proliferation of mammalian
tumor cells which comprises contacting the mammalian tumor cells with a
sufficient concentration of the glycoengincered antibodies of the invention or
an  -73-- immunoconjugate comprising same so as to inhibit proliferation of
the mammalian tumor cells, 101 jThe subject invention further provides methods
for inhibiting the growth of human tumor cells, treating a tumor in a subject,
and treating a proliferative type disease in a subject. These methods comprise
administering to the subject an effective amount of the composition of the
invention. [0189]It is apparent therefore that the present invention
encompasses pharmaceutical compositions, combinations and methods for treating
human carcinomas. For example, the invention includes pharmaceutical
compositions for use in the treatment of human carcinomas comprising a
pharmaceutically effective amount of an antibody of the present invention and
a pharmaceutically acceptable carrier. [01901The compositions may contain the
antibody or antibody fragments, either unmodified, conjugated to a therapeutic
agent (e.g., drug, toxin, enzyme or second antibody) or in a recombinant form
(e.g., chimeric antibodies, fragments of chimeric antibodies, bispecific
anti-bridles). The compositions may additionally include other antibodies or
conjugates for treating carcinomas (e g., an antibody cocktail). [01911The
antibody, antibody conjugate and immunotoxin compositions of the invention can
be administered using conventional modes of administration including, but not
limited to, intravenous, intraperitoneal, oral, innalymphatic or
administration directly into the tumor. Intravenous administration is
preferred. [0192] The compositions of the invention may he 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 OT
electrolytes such as protamine sulfate.  -74- (0194)The most effective mode
of administation and dosage regimen for the compositions of this invention
depends upon the severity and course of the disease, the patient's health and
response to treatment and the judgment of the treating physician.
Accordingly, the dosages of the compositions should be titrated to the
individual patient. Nevertheless, an effective dose of the compositions of
this invention may be in the range of from about I to about 2000 mg/kg.
(0195jThe molecules described herein may be in a variety of dosage forms
which include, but are not limited to, liquid solutions or suspensions,
tablets, pills, powders, suppositories, polymeric rcierocapsules or
microvesicles, liposornes, and injectable or infusible solutions.
Thepreferred form depends upon the mode of administration and the therapeutic
application. [0196]The most effective mode of administration and dosage
regimen for the molecules of the present invention depends upon the location
of the tumor being treated, the severity and course of the cancer, the
subject's health and response to treatment and the judgment of the treating
physician. Accordingly, the dosages of the molecules should be titrated to
the individual subject 10197)The interrelationship of dosages for animals of
various sizes and species and humans based on mg/kg of surface area is
described by Freireich, E. T., et at Cancer Chemother., Rep. 50 (4): 219-244
(1966). Adjustments in the dosage regimen may be made to optimize the tumor
cell growth inhibiting and killing response, e.g., doses may be divided and
adoninisteredon adailybasis 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 bc
a detergent. As used herein, a detergent is any substance that alters the
surface tension of a liquid, generally lowering it.  -75- 10200]In one example
of the invention, the detergent may be a nonionic detergent. Examples of
nonionic detergents include, but are not limited to, polysorbate 80 (also
known as Tween 80 or (polyoxyethylenesorbitan monooleate), Brij, and Triton
(for example Triton WR-1339 and Triton A-20). [0201]Alteniatively, the
detergent may be an ionic detergent An example elan ionic detergent includes,
but is not limited to, alkyltrisnethyl ammonium bromide.  [0202] Additionally,
in accordance with the invention, the lipid carrier may be a liposome As used
in this application, a "liposome" is any membrane bound vesicle which contains
any molecules of the invention or combinations thereof.  [0203] The examples
below explain the invention in more detail. The following preparations and
examples are given to enable those skilled in the art to more clearly
understand and to practice the present invention. The present invention,
however, is not limited in scope by the exemplified embodiments, which are
intended as illustrations of single aspects of the invention only, and methods
which are functionally equivalent are within the scope of the invention.
Indeed, various modifications of the invention in addition to those described
herein will become apparent to those skilled in the art from the foregoing
description and accompanying drawings. Such modifications are intended to fall
within the scope of the appended claims. EXAMPLES EXAMPLE 1 Materials and
Methods I.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 C288 antibody light 



-75- chain, one for the C2138 antibody heavy chain, one for the neomycin
resistance gene and one for the murine dhfr gene). All genes are under control
of the promoter of the myeloproliferative sarcoma virus (MPSV) and contain a
synthetic consensus po I yaderiyl ation signal derived from the po lyad
enylati on signal of the rabbit P-globin gene. 10245]CDNAs encoding the
variable heavy (VI-1) and variable light (VL) chain regions of the anti-C1J20
antibody C2138 were assembled from a set of overlapping single-stranded
oligonucleotides in a one-step process using ?CR (Kobayashi, N., et al.,
Biotechniques 23:500-503(1997)). The original sequence coding for C2138 VL and
VH regions were obtained from a published international patent application
(International Publication Number: WO 94/11026). Assembled VL and VT-I cDNA
fragments were subcloned into pBluescript.EKS(+) to give pBlue-C2B8V.11 and
pBlue-C238 VL plasmids and sequenced. 102061The variable chains of C2B8 were
amplified from the corresponding pBluc-C2B8VII and pBlue-C2138VL plasmids
using primers that introduce an AscI restriction site at the 5' end and
appropriate restriction sites at the junction of the variable to constant
region (BstWI for the light chain and NheI for the heavy chain), The IgGI
constant regions were amplified from a human leukocyte cDNA library
(Quickclone, Clontech) using primers that introduce suitable restriction sites
at the 5' and 3' ends (BsiWI and BamHI for the constant light chain arid Nhel
and BarnFIT for the constant heavy chain). 10207]After confirmation of the
correct DNA sequences, the C2B8 antibody light and heavy chains were each
combined with the MPSV promoter and polyadenylation signals. In a first step,
two different expression vectors were constructed: one for the C2B8 light
chain (pETRI 315) 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 plasinid
pETR1481 A dhfr gene expression cassette under control of the MPSV promoter
was inserted into the vector pETR1316 to give the plasmid pETRI 328. In a
final step, both expression modifies (C2F18-light  chain+ neo and 02BH-heavy
chain+ dhfr) were combined in one vector resulting in the plasmid pETR1502.
Anti-CD20 antibody expression vector pETR1520 [0208]pETR1520 combines a C2B8
anti-CD20 antibody expression vector with an origin of replication from the
Epstein Barr virus (oriP) for opisomal vector replication and maintenance in
cells producing the Epstein Barr virus nuclear antigen (EBNA). For
construction of the C2B8 expressionvector, pETR1520, the C2B8 expression
module from pETR1416 was inserted ama HinDIII fragment into oriP-crinta Ming
vector pETR1507. The vector pETR1416 is similar to pETR1502 with the exception
that in this plasmid the neomycin resistance gene is under control of the
full, instead of the minimal, MPSV promoter. Anti- ro ectin antibody
expression vector6 



[0209]This vector is the same as vector pETR1520, except that the variable
heavy and light chain coding regions of the C2 anti-CD20 antibody have been
replaced by the respective coding regions of antibody L19, a human antibody
recognizing the ED-B domain of fibmneolin. The variable region-encoding DNA
fragments were synthesized by overlap extension PCR method using synthetic
oligonucleotides based on the sequence of the variable regions of the L19
antibody (Pith, A. et al. J. Biol. Chem. 273(34):21769-76 (1998)).
Antal2FR25) expression vector pITRS128 [0210]This vector is the same as
vector pETR. 1520, except that the variable heavy and light chain coding
regions of the 02B8 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
oligenucleotides based on the sequence of the variable  -78- regions of the
C225 antibody (sequences can be found in a published patent application with
international publication number WO 96/40210, Figs. 16 and 17 of that patent
application for the heavy and light chains, respectively).
Construction of GnTII1-fusion expression vectors pETR11.66. Vector for
constitutive expression of CinTM [0211]For consieraction of the GnT1111
expression vector pETR 1166, rat GinTIE was amplified from a rat kidney cDNA
library (Clontech) by PCR. A C-terminal c-myc-epitope tag was added
immediately upstream of the stop cotton of the gene (amino acid sequence:
PEQ1CLISEEDL) for later, convenient detection of CraTIli by Western Blots.
After confirmationof the correct sequence of GuT111 the gene was inserted
under control of the IVIPSV promoter and a synthetic rabbit betaglobin
polyadenylation signal was added. The final GnTIII expression vector also
contained a separate puromycin resistance cassette for selection, with the
puromycin resistance gene also under the control of the NITSV promoter and
synthetic rabbit beta-globin polyadenylation pETR1425: Replacement of the
first 76 amino acids of GRILL! by the first 102 amino acids of the human
GnTI. 102121The 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 AscI restriction
site were also introduced at the 5' end. The resulting PCR fragment has a 23
bp overlap with CuuTfra starting at position 229. In a second PCR reaction,
the GnTfrl region from position 229 to 380 was amplified with the primers
GAB-177 and GAB-178 generating a PCR fragment with a unique Bst.XI site at
the 3' end and an 22 bp overlap with the Grin stem region at the 5' end Both
PCR fragments were purified and used as templates in a third PCR reaction
(primers (3AD-179 and GAB-178). The resulting fragment was purified and
digested with AscI and  



-79- ligated to the vector pETR1001 (cut with AscI and Smal) resulting in the
plasmid pETR1404. After the sequence of the insert has been confirmed the
MPSV promoter element was added to pETR1404 as an AscI (partial digestion)
/Pme1 fragment yielding in the plasmid pETR1423. The Sphl / Bst.X1 fragment
from pETR1166, an expression vector carrying the original rat Cm LW gene, was
then replaced by the corresponding fragment of pETR1423 resulting in the
plasmid pETR1425 containing the GnTI-GnTII1 fusion under control of the MPS V
promoter and a putomycin resistance cassette for selection. Primer sequences.
GAB-177: GCGTOTOCCTOTGACCCCCOCGCCOCTGCTOCAGCCACTGTCCOC GAB-178:
GAAGGTTTCTCCAGCATOCTGGTACC GAB-179:
CTGAGGCGCGGCGCCACCATGOTGAAGAASCAGTCTCCAGGGC GAB-180:
GGGGACAGTGGCTGGAGCAGGGGCGCGGGOGTCACAG3CACA000GGC LETR1506: Rsplacement of the
76 N-telminal amino acids of GuTII1 by the first 100 amino acids of humar,
mannosidase Ii  [0213]The construction of pETR1506 was performed analogously
to the construction of pE'IRI 425. The stem region of the human mannosidase
11 gene was amplified with the primers GAB-252 and GAB-253 using the vector
pH  ac-man as a template. During this PCR a FseI site and a Kozak consensus
sequence were introduced at the 5' end. The resulting PCR fragment overlaps
the CinTIII gene starting at position 229 by 23 bp. In a second PCR reaction
a part of the GLTIII gene (position 229-460) was amplified with the primers
GAB-254 and GAB-255. This PCR reaction genetated a frag,uieut containing a 43
by overlap with the mannosidase If gene at the 5' end and a unique Still site
at the 3' end. Both fragments were purified and used as templates in a third
PCR with the primers C-AB-252 and GAB-255. The resulting fragment was
inserted into pICI911 giving the vector pETRI48-4. Alter the correct sequence
of the insert has  -80- been confirmed the complete fusion gene was
constructed by ligmng the Esc]. / Still fragment of pETR.1484 with the Stud
Bam111 fragment from pETR1166 in the vector pETR12177 (FseI / Bam1I4 The
resulting plasmid (pETR1500) contained the hybrid manLI-GoTIll gene (SEQ ID
NO:14) under control of the ME'SV promoter. For selection of the plasmid in
mammalian cells a puromycin resistance cassette was insetted as a SpeI
flagmen( from pETR1166, yielding the pLasmid pETR1506. Primer sequences:
GAB-252: GCTAGGCCGGCCGCCACCATGAAGTTAAGCCGCCAGTTCACCGTGTTCGG GAB-253: 



GGGGACAGTGGCTGGAGCAGGGGTGAGCCAGCACCTTGGCTGAAAJAGCTTTGTG AACTTTTCGC GAB-254:
TCCGAAAAGTTCACAAAGCAATTTCAGCCAAGGTGCTGGCTCACCCCTGCT CCAGCCACTGTCCCC GAB-255:
ATGCCGCATAGGCCTCCGAGCAGGACCCC pET.R1519: Combination of the hybrid manila:TM
fusion gene with the replication origin oriP from Epstein Barr virus.
[02141Using the primers GAB-261 and GA3-262 a 2 kb fragment containing oriP
was amplified from the plasmid pCEP4 (Invitangen). During this PCR reaction at
both ends of the fragment SspI and EcoRI sites were introduced. For
sequencing, the oriP fragment was inserted into the vector pIC19H. After the
correct sequence has been confirmed oril3 was inserted as a Sspf fragment into
the vector pETRI001 (digested with BsmBI and 5' overlapping ends filled in
using Klenow polymerase). The resulting plasmid was designated pETR1507. A
Spill / NruImanfi-CinTEI expression cassette from pETRI510 was inserted into
pE 11<1507 digested with tbe same restriction endonncleases giving the plasmid
pETR1510.  -81- Primer sequences: GAB- 2 G1 :
GCTAAATATTGAATTCCCITTATGTGTAACTCTTGGCTGAAGC GAD -262  :
TAGCAATATTGAATTCGCAGGAAAAGOACIKAGCAGCGAAAATT CADGC pETR1537: Combination of
the hybrid manlli-CinT1I1 fusion gene and a truncated C04 cell-surface marker
gene [0215]The pETR1506expression vector was modified for additional
expression of a trincated CD4 cell-surface marker gene. Briefly, the hybrid
mantl-CinTDI fusion gene expression cassette was converted from a monocisnonic
to a bicistronic expression cassette by inserting, downstream of the stop
oodon of the manII-GnTIII fusion, a polio virus IRES element followed by a
cDNA encoding a truncated humeri CD4 protein (comprising the human CD4 leader
sequence for secretion followed by the transmembnane and extracellular
domains). 3.Ttansfection of mammalian cells with Grill-II-fusion- and 



antibody-expression vectors Tranafection of BIliC cells [0216]Exponentially
growing cells (viability 90-95 %) were seeded in the appropriate number of
T75 flasks at a concentration of 0.9 it 106 cells/ml 24 h prior to
elecroporation. 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 106 cells were harvested by
centrifugation (5 rain, 200 it g) and the supernatant was discarded. The
cells were resuspended in 800 Invitrus medium and were transferred to a
sterile electroporation Guyette (04 cm gap) already containing 8 4g 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 )if 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% (WV) FCS / 1.25 % (WV)
DMSO) and were incubated at 37C  -82- in a 5%CO2-atmosphere incubator. For
production of unmodified (nonglycoengineered) 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 antfbody expression and the other of fusion GnTIII polypeptide (SEQ
ID NO: 15) expression, at al-ado of 3:1, respectively. Transfection of
IIEK293-EBNA cells [02171Exponentially growing HEIC293-RRNA cells were
transfected by the calcium phosphate method. Cells were grown as adherent
monolayer cultures in T flasks using DMEM culture medium supplemented with
10% FCS, and were transfe,cted when they were between 50 and 80% confluent.
For the transfection of a T75 flask, 8 million cells were seeded 24 hours
before transfeetion in 14 ml DMEM culture medium supplemented with FCS (at
10% VN final), 250 ug/m1 neomycin, and cells were placed at 37C in an
incubator with a 5% CO2 atmosphere overnight. For each T75 flask to be
transfected, a solution of DNA, CaC12 and water was prepared by mixing 47 jig
total plasmid vector DNA, 235 id of a 1M CaO2 solution, and adding water tc a
final volume of 469 IA. To this solution, 469 ul of a 50noM HEPES, 280 DIM
NaCl, 1.5 mM Na2F204 solution at pH 7.05 was added, mixed immediately for 10
sec and left to stand at room temperature for 20 sec. The suspension was
diluted with 12 ml of DMENI supplemented with 2% FCS, and added to the 175 in
place of the existing medium_ The cells were incubated at 37C, 5% CO2 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 C13 1111 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 Leotrifugation for 10 min at 4000 rpm and kept at 4C.  -83- Generation
of a stable mammaliancellaa recombinant anti-CD2C antibody  102181BILK cells
(13HIC21-13c) were transfected by electroporation with pE I R1502 C2B8
antibody-expression vector, which contains a neomycin-resistance gene
expression cassette. 'Neomycin-resistant clones were first selected to obtain
a set of clones that had chromosomally integrated the pETR1502 vector DNA.
Clones were then screened for recombinant antibody production using an EL1S A
assay. Briefly, 24 hours post electroporation, viable cells were counted and
the transfection efficiency was determined by counting fluorescent cells of a
parallel, control electroporation done with a pEYFPexpression vector. Cells
were diluted in Invitrus selection medium containing 10 % FCS and 1 mg/ml of
neomycin. Usually eight 96-well plates were seeded with different
concentrations of viable, transfected cells (1 x 103, Sr 102 and 1 x 102
cells per well) and incubated at 37C until clones could be identified. Once
the clones had grown to almost confluent, the supernatants were analysed by
ELISA for antibody production ELISA positive clones were expanded first to
24-well and subsequently to 6-well plates, and then to T25 flasks. After five
days of growth in T25 flasks, the final antibody titer was determined using
an ELISA assay. Using this electroporation and selection procedure a C2138
anti-CD20 antibody-expressing BIDEC. cell clone (31-1K-1502-28) was isolated
that produced 13 pgiml of antibody under the above culture conditions. 



Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a (Milli-fusion 102191The clone BPI:K-1502-28, constitutively
expressing anti-CD20 monoclonal antibody genes and the neomycin resistance
gene, was transfected with the pETR1537 expression vector by electropotation.
pETRI 537 is a vector for constitutive expression of the Marill-GMDI gene and
a truncated form of human CD4, the later IRES-dependently expressed. The
vector also contains a puromycirt-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  -84- tuncated CD4 (tCD4), which serves as
a marker for expression level of the bicistronic ManII-GnTIII+tCD4 gene
expression unit. Recombinant antibody production of the selected clones was
verified using an ELISA assay. [0220]  Briefly, pETR1537 vector DNA was
linearized with Xnuil. A control  transfection with a EYFP expression vector
was performed in parallel. Transfection efficiency was determined after 24
hours by counting cells expressing EYFP over total cells. 58% of all cells
were expressing EYFP. Cell viability was of 91%. One day after transfection,
cells transfected with pETR1537 or pEYFP were serially diluted at 1:100, L500,
1:1000 and 1:5000 dilutions and seeded in 96-well plates, in a final volume of
0.2ml of selection medium (livitrus, 10% FCS, 20 tigtml puromycin, 1 En g/ird
neomycin). Clones were visible after two weeks. They were expanded and
screened for truncated-01)4 (tCD4) expression and antibody e-spression.
[0221]For the screening of tCD4 expression level, approximately 500,000 cells
were washed with FACS buffer and incubated with 5 ill of FITC anti-human 01)4
(Becton Dickinson, Switzerland) for 20 min on ice, After two washes cells were
resuspended in 0.5 ml FACS buffer and analyzed with a PACS (Figure 17A-B). A
clone with a good expression level of tCD4 was isolated (BBK-1502-28-11).
After 5 days of growth in a T25 flask, it produced about anti-CD20 antibody at
a final titer of 17 p.g/ml, as determined by ELBA 4.Production and
purification of unmodified and glycoengineered antibodies Flarvesizin of
culture medium [02221In the case of BHg. cells transfected with an antibody
expression vector or co-transfected with an antibody expression vector plus a
OnTIII-fitsion 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. [02231In the case of IfEK.293-EFINA cells transfected with an antibody



expression vector or co-transfected with an expression vector plus a GnTLII-
-85- fusion expression vector, the culture medium was replaced by fresh
culture medium approximately 16 hours post-traasfection and the later medium
was then harvested after culturing the transfected cells for a further 120
hours. 102241 For the stable BIUC-1502-28-11 cell line, a culture was seeded
at 500,300 cells/ml and supernatant harvested after 4 days of culture when the
cell density was 13 x 106 viable cells/m1 and the cell viability of 69%.
Antibody purification 102251Monoclonal antibody was purified from culture
supernatant using two sequential chromatographic steps. The first step
consisted of Protein A chromatography using a pH-gradient elution that
effectively separates bovine and human IgGs. This was followed by a cation
exchange chromatographic step to exchange the sample buffer to phosphate
buffered saline (PBS). 5.Oligosaccharide Analysis 102261Oligosaccharides were
enzymatically released from the antibodies by PNGaseF digestion, with the
antibodies being either immobilized on a PVDF membrane or in solution.
102271The resulting digest solution containing the released uligosaccharides
either prepared directly for MALDI/TOP-MS analysis or was further digested
with Endoll glycosidase prior to sample preparation for MALDI/TOF-MS analysis.
Oligosaecharide reler-se method for PVDF_ mettibrane-immobilized antibodies
[0228]The wells of a 96-well plate made with a PVDF (Immobilon P, Millipore, 



Bedford, Massachusetts) membrane were wetted with 100 id methanol and the
liquid was drawn through the PVDF membrane using vacuum applied to the
Multiscrecn vacuum manifold (Millipore, Bedford, Massachusetts). The PVDF
membranes were washed three times with 300 ill of water. The wells were then
-86- washed with 50 pi RCM buffer (8M Urea, 360mM Tris, 3.2rnM EDTA, pH 8,6).
Between 30-40 jrg antibody was loaded in a well containing 10 pl RCM buffet.
The liquid in the well was drawn through the membrane by applying vacuum, and
the membrane was subsequently washed twice with 50 pi RCM buffer. The
reduction of disulfide bridges was performed by addition of 50 pl of 0.1M
dithiothreitol in RCM and incubation at 37C for 1 E [0229]Following reduction,
a vacuum was applied to remove the dithiothreitol solution from the well. The
wells were washed three times with 300 pi water before performing the Garb
oxymethylation of the cysteine residues by addition of 50 p.10.1M iodoacetic
acid in RCN! buffer and incubation at room temperature in the dark for 30 min.
10230jAfter carboxymethylation, the wells were drawn with vacuum and
subsequently washed three times with 300 pl water. The PVDF membrane was then
blocked, to prevent adsorption of the eadoglycosidase, by incubating 100 jsl
of a 1% aqueous solution o f polyvinyipyrrolidone 360 at room temperature for
1 hour. The blocking reagent was then removed by gentle vacuum followed by
three washes with 300 pl 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 raU Sialidase (GLYKO, Novato, CA), to remove any
potential charged nnonosaccharide residues, in a final volume of 25 pd in 20mM
NaHCO3, pH7.0). Digestion was performed for 3 hours at 37C. MgThsaccharide
release method for antibodies in solution [0232]Between 40 and 50 jig of
antibody were mixed with 2.5 tuU 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 37C, Use of Endoglvcosidase H digestion of PNGasef-released
oligosaccharides for the assignment of hybrid bisected oligosaccharide
strictures to MALDITIGF-MS  neutral oligosaccharide peaks   



-87- [0233]The PNGaseF released oligosacchari des were subsequently digested
with Endogjycosidase H (EC 3.2.1.96). POI the EndoH digestion, 15 raU of EndoH
(Roche, Switzerland) were added to the PNGaseF digest (antibody in solution
method above) to give a final volume of 30 microliters, and the mix was
incubated for 3 hours at 37C. EndoH cleaves between the N-acetylglucosamine
residues of the chitobiose core of N-linked oligosaccharides. The enzyme can
only digest oligoruannose and most hybrid type glycans, whereas complex type
oligosaccharides are not hydrolyzed. Sample preparation for mAusur r1/4
[0234]The enzymatic digests cimtaiiiing the released oligosaccharides were
incubated for a thither 3 Ii at room after the addition of acetic acid to a
final concentration of 150 mM, and were subsequently passed through 0.6 ml of
cation exchange resin (AG50W-X8 resin, hydrogen form, 100-200 mesh, BioRad,
Switzerland) packed into a micro-bio-spin chromatography column (BioRad,
Switzerland) to remove cations and proteins. One microliter of thc resulting
sqmple was applied to a stainless steel target plate, and mixed on the plate
with 1 pal of sDELB matrix. sDI-D3 matrix was prepared by dissolving 2 mg of
2,5- dihydroxybenzoic acid plus 0.1 mg of 5-methoxysalicylic acid in 1 ml of
ethtmoll10 mM aqueous sodium chloride 1:1 (Wv). The samples were air dried,
0.2 id ethanol was applied, and the samples were finally allowed to
re-crystallize under air. L laMS [0235]The MA.LD1-TOF mass spectrometer used
to acquire the mass spectra was a Voyager Elite (Perspectve Biosysteras) The
instrument was operated in the linear configuration, with an acceleration of
20kV and 80 us delay. External calibration using oligosaccbtatide standards
was used for mass assignment of the ions. The spectra fiorn 200 laser shots
were summed to obtain the final spectrum.  -38- 6. PBMC Preparation
[0236]Peripheral blood mononuclear cells (PBMC) were prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Louis, M063178 USA) and following
essentially the manufacturers instructions. in brief, venous blood was taken
with heparinized syringes from volunteers who were asked to run for 1 minute
at full power in order to increase the percentage of natural killer cells (MC)
in the blood. The blood was diluted 1:0.75-1.3 with PBS not containing Ca or
Mg and layered on Histopaque-1077. The gradient was centrifuged at 400 x g for
30 rain at room temperature (RT) without breaks. The interphase containing the
PBMC was collected and washed with PBS (50 nil per cells from two gradients)
and harvested by ceutrifigation at 300 x g for 10 minutes at RT. After
resuspension of the pellet with PBS, the PBMC were counted and washed a second
time by centrifugation at 200 x g for 10 minutes at R.T. The cells were then
resuspended in the appiupiiate medium for the subsequent procedures. 7. NK
Cell Isolation 



[0237]Human MC cells were isolated from PBMC applying a negative selection
procedure using magnetic beads not binding to CD16- and CD56-positive cells
(MACS system from Miltenyi Biotec GrabH, 51429 Bergisch Gladbach, GER). PBMC
were washed once in ice-cold MACS butter (PBS containing 2% FCS and 2 mM
ED'FA), resuspended at 20 Mio cells per ral of a 1:1 mixture of FCS and MACS
buffer and incubated for 10 min at 4C. The cells were then pelleted and
resupeaded in 80 41 per 10 million cells with MACS buffer containing 10% PCS.
Then 20 41 Hapten-antibody solution per 10 million cells were added. The
cells were incubated for 10 minutes at 4C 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 cells
per BO 41 and 20 pl anti-hapten-microbeads per 10 million cells were added.
The tube was incubated for 15 minutes at 4C with repeated swirling of the
tube. After one wash with MACS buffer the cells were resuspended at up to 100
million cells in  -89- 500 pi MACS buffer and loaded onto a LS MACS column
which was placed in a MINI-MACS magnet and equilibrated with 3 ml MACS
buffer. The column was washed with 3 x 3 ml MACS buffer. The cells in the
flow-through fraction were collected and subsequently used as NK cells.
Purity as determined by C1)56 expression was between 88-95 %. ADCC Assay
(9238]PBMC or NK. as effector cells were prepared as described above. The
effector to target ratio was 25:1 and 10:1 for PBMC and NK cells,
respectively. The effector cells were prepared in AIM-V medium at the
appropriate concentration in order to add 50 pl per well of round bottom 96
well plates. Target cells for C2B8 antibodies were SKYI6.4 or Namelvva B
lymphoma cells gown in DMFM containing 10% FCS. Target cells were washed in
PBS, counted and resuspended in AIM-V at 03 trillion per nil in order to add
30000 cells in 100 pl per microwell. Antibodies were diluted in AIM-V, added
in 501.0 to the pre-plated target cells and allowed to bind to the targets
for 10 minutes at RT. Then the effector cells were added and the plate was
incubated for 4 hours at 37C in a hutaified atmoshpere containing 5% CO2.
Killing of target cells was assessed by measurement of lactate dehydrogenase
(TDB) release from &triaged cells using the Cytotoxicity Detection kit (Roche
Diagnostics, Reticent, Switzerland). After the 4-hour incubation the plates
were centrifaged at 800 x g. 100 pl supernatant from each well was
transferred to a new transparent flat bottom 96 well plate. 100 ill color
substrate buffer from the kit were added per well. The Vmax values of the
color reaction were determined in an ELEA reader at 490 rim 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  -90- concentration, SR is
the mean of VMax of the spontaneous release and MR is the mean of Vmax of the
maximal release. 9. &IRMA binding on NK cells [0239]Freshly isolated NR cells
were centrifuged 5 minutes at 200 x g and pretreated with 0.09% (wt/vol)
lactic acid solution (140 ITN NaC1, 5 mM ICC1, pH 3.9), by incubating 3 x 105
cells/ml at room temperature for 5 minutes, to remove NK cell-associated-1ga
(De Haas M., .1, Immunol. 156:2948 (1996)).  [0240] Cells were washed two
times with PBS, 0.1% BSA, 0.01% sodium azide and concentration was adjusted
to 2 x 106 cells/m1 in PBS, 0.15 BSA, 0.01% sodium azide. 5 x 105 cells were
incubated with 0, 0.1, 0.3, 1, 3, 10 ugilal antibody variants for 30 min at
4C. Cells were then washed two times and antibody binding was detected by
incubating with 1:200 fluorescein isothiocyanate-conjugated F(ab1)2 goat
anti-human IgG (Jackson ImmuncReasearch, West Grove, PA) and anti-human
CI)56-PE at 5 p.1./ 5 x los cells (Br) Pharrningen, san Diego, CA) for 30
minutes at 4C. (Shields R. et at 



Biol Chen 277(30):26733-26740 (2002)). [0241]The fluorescence intensity
referring to the bound antibody variants was determined for CD56-fr cells on a
FACSCalibur (Br) Bioscience, San Jose, CA). 10. FcgammaRllb binding on Raji
lymphoma cells [0242]Raj i B-cell human lymphoma cells were washed 20 min at
37C in PBS (concentration 0.3 Mio cells/m1). Cells were then resuspended at
2.22 million cells/m1 in PBS, 0.1% BSA, 0.01% NaN3, and 180 ul added per FACS
tube. Ten-fold antibody dilutions (0, 0.1, 03, 1, 3, 10, 30 [igiml) of
L19-ummodified and L19 glycoengineered monoclonal antibodies were added to the
Raji cells and incubated at 4C for 30 min (final cells concentration 2 million
cellsiral). After two washes, 1:200 of fluorescein isothiocyanate-conjugated
F(ab')2 goat antihuman IgG (Jackson IrnmunoReasearch, West Grove, PA) was
added to the cells and incubated at 4C for 30 mm. After one wash, cells were
resuspended in 0.5 ml PBS, 0.1% BSA, 0.01% Nell and the fluorescence intensity
referring to the  -91- bound antibody variants was determined on a FACSCalibur
(BD Bioscience, San Jose, CA) for living cells. 11.Complement dependent
cytotoxicity assay 102431Target cells were counted, washed with PBS,
resuspended in AIM-V (Invitrogen) at 1 million cells per ml 50 rti cells were
plated per well in a flat bottom 96 well plate. Antibody dilutions were
prepared in AIM-V and added in   pl to the cells. Antibodies were allowed to
bind to the cells for 10 minutes at room temperature. Human serum complement
(Quidel) was freshly thawed, diluted 3-f1d with AIM-V and added in 50 ul to
the wells. Rabbit complement (Cederlane Laboratories) was prepared as
described by the manufacturer, diluted 3-fold with ANL V and added in 50p1 to
the wells. As a control, complement sources were heated for 30 min at 56C
before addition to the assay. 102441 The assay plates were incubated for 2h at
37C. Killing of cells was determined by measuring LDH release. Briefly, the
plates were centifuged at 300 x g for 3 min. 50 p.1 supernatant per well were
transferred to a new 96 well plate and 50 gl of the assay reagent from the
Cytotoxicity Kit (Roche) were added. A kinetic measurement with the FLISA
reader determined the Vmax corresponding with LDH concentration in the
supernatant. Maximal release was determined by incubating the cells in
presence of 1% Trition X-100. 



Results and Discussion [0245]Glycoengineered versions of an anti-CD20
chimeric Ig-G1 antibody (C2B8 chimeric antibody, also known as rituximab)
were produced by cotransfecting cultures of mammalian cells with vectors for
expression of antibody genes and with vectors for expression of genes
encoding various polypeptides with CrnT111activity. An unmodified
(non-glycoeugineered) 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 cf genes  -92-
eacoding polypeptides with GraTEI activity did not have any significant
effect oo cell viability, cell growth or antibody production, relative to
cells not producing such pol ypeptides, [0246]The purified antibodies were
then analy-zed for their glycosylation patterns. These antibodies carry N-
linked oligosaccharides attached only to Asn297 residue of the human 401 Fc
region. The oligosaccharides were enzymatically removed from antibodies by
PNG-aseF digestion and were subsequently analyzed by1vIA_LDIITOF-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 (Brrtruaa, P. eta!,, Nature Biotechnol. 17:176- 180(1999)).
[0247]Figure 1 shows the neutral oligosaccharide MALDI/TOF-IvIS profiles from
the recombinant C2B8 anti:CD20 chimeric IgG1 antibody produced in BHK cells.
These cells were transfected with antibody expression vector pETT21502.
Figures 2 to 4 show the corresponding profiles for the same antibody produced
by BIM cells engineered with nucleic acids encoding polypeptides with CCM
activity. The profile in Figure 2 results from the use of a nucleic acid
encoding wild-type Gnl'El expressed from vector pETR1166. The profile in
Figure 3 results from the use of a nucleic acid encoding a fiisimi
polypeptide comprising at the N-terminus the localization domain of GnT1
fused to the C-terminal catalytic domain of 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-mannosidaseII (ManII) fused to the catalytic
domain of CruTIII. This fusion gene was expressed from vector pBTR1506.
[02481The unmodified antibody has a typical oligosacclaaride profile (Fig.
1), with peaks at m/z ratios of 1485, 1648 and 1810 being consistent with
biantennary, core-fucosylatech 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 010 and mouse mycloma
cells (Lifely,  -93- M.A. et (2t, Glycobiology 5:813-822 (1995)). Engineering
of the antibody producing cells by expression of wild-type GnTIII leads
mainly to bisected, corefucosylated, complex biantennary oligosaccharides
(Fig. 2), with peaks at raiz ratios of 1689, 1851 and 2014 being the bisected
counterparts of the non-bisected, fucosylated oligosacc.haride peaks found in
the unmodified antibody. Engineering of the antibody-producing cells by
expression of a nucleic acid encoding a Gulf-On 1111 fusion polypeptide,
where the GnTEll catalytic domain is locali7ed via the GnTI Galgi
localization domain, also leads mainly to bisected complex biantennary
oligosaccharides (note peaks at in/z 1689 and 1851 in Fig. 3). However,
relative to the wild-type OnTM, use of a GnTT-OnTill fusion leads to an
increase in bisected, non-fucosylated and bisected, hybrid structures
(compare the proportions of peaks with miz of 1664, 1810, 1826 and 1973,
relative to the total, between Figs. 2 and 3). The synthesis of bisected,
nonfueosylated and bisected, hybrid structures results from the competition,
for GnTI-nitodified oligosaccharide substrates, between the recombinant
GuT111- catalytic domain and (i) the endogenous core,
a1,6-fucosyltransferase, Golgi a-mannosidase II (ManII) and (iii) GnTII,
since once an oligosacebaride is modified with a bisecting GleNAc added via a
Gatti-catalyzed reaction, these three other enzymes can no longer act to
modify the bisected oligosaccharides. Therefore blocking action of Manll by
addition of the bisecting G1cNAc also effectively blocks Cit 1 T , since Gall
acts downstream of Mani: in the N-linked oligosaccharide biosynthetic
pathway. The peaks at m/z 1664 and 1826 are nonfucosylated, whereas the peaks
at rniz 1810 and 1973 are fucosylatect EndoH glycosidase digestion, which can
distinguish berween hybrid and complex oligosaccharides (Fig. 8A), was used
to confirm that the increase in these peaks is due to an increase in the
proportion of Fe-attached bisected, non-fucosylated and bisected, hybrid
oligosaccharides (see below). 



10201In contrast to the other ernTDI activity-encoding nucleic acids used
here, engineering of the antibody-producing cells by expression of a nucleic
acid encoding a ManEt-GuTDI fusion polypeptide (SEQ ID NO: 14), where the
Grarll catalytic domain is localized via the Mann Golgi localization domain,
leads mainly to bisected, non-fucosylated and bisected, hybrid structures
(note pealcs at  -94- raiz 1664 1810, 1826 and 1973 in Fig. 4). Therefore,
relative to the wild-type GnTfifr and to the GnTI-GnTlII fusion (SEQ ID NOS:12
and 13), the MannCm'1111 fusion was more efficient in the synthesis of
Fe-attached bisected, nonfucosylated and bisected, hybrid oligesaccharides
(compare the proportions of peaks with m/z of 1664 and 1810 relative to the
total between Figs. 2,3 and 4). The proportions of the bisected,
uon-fucusylated Fc-oligosaccharides residing from the expression of the
nucleic acids encoding wild-type GnTM, the GnTIGnTIE fusion and the
Manil-GnTHI fusion were approximately 4, 13, and 33%, respectively. No
bisected oligosacchacrides were detected in the unmodified (non-engineered)
antibody. 102501Increasing the expression of the ManII-GnTM fasion construct
in the antibody-producing cells led to further increases in the proportion of
bisected, non-fucosylated oligosaccharides. This was demonstrated by
expressing the MarM-CinTITI construct from a vector (pETR1519) with an OnT for
episonnd replication in transfected HE1C293-EBNA cells. This expression system
is known to lead to high levels of expression, and was also used for
expression of the antibody genes from vector pETR1520. The oligosaccharide
profile from the purffied, unmodified (non-glycoengineered) antibody expressed
at high levels in this system is shown in Figure 5, which again shows the
typical oligosaccharide profile with non-bisected, fucosylated oligosaccharide
peaks having 0, 1 and 2 galactose residues (e.g., compare Figs. 1 and 5
showing the similar oligosaccharide profiles of the unmodified antibody
expressed in BECK cells or at higher levels inITEK293-EBNA cells). Engineering
the antibodyproducing cells with the nucleic acid encoding the Man11-CmTM
fusion expressed at higher levels in this system led to the producton of
antibodies where the majority oldie Fc-oligosaccharides were bisected,
non-fucosylated (see Figure 6, where bisected, non-fueosylated hybrid
oligosaccharide peaks at raiz 1664 and 1825 together constitute over 90% of
the total oligosaccbarides). [0251]As mentioned above, endoglycosidase H
(EndoH) was used to confirm the assignment o f bisected non-fucosylated and
bisected, hybrid structures to the different oligosac,charide peaks observed
in the MALD1 profiles. The MALDITOF-MS neutral oligosaccharide profiles of
PNGaseF- and of  -95- PNGaseF+EndoH-digested glycans derived from an anti-CD20
chimeric IgGi antibody, produced by HEK293 cells glycoengineered by GnTIO(M2)
overexpression, are shown in Figure 7.The peak at ink 1664 can be assigned to
two different glycons, namely non-fucosylated hybrid-bisected or
nonfucosylated comp[ex, non-bisected. The different structures show the same
m/z ratio due to the same menosaccharide composition (Figure 88). 10252]The
digestion of the PNGaseF-rcleased glycans with Endoglycosidase H 



generates new structures, with the major peak being shifted from ink 1664 to
1460 (Figure 7B). The difference corresponds to the mass of a GleNAc residue.
As mentioned above, EndoH cannot cleave the complex type oligosazcharides.
Therefore, the major peak at ua/z 1664 can be assigned to the non-fucosylated
hybrid bisected type after Endoglycosidase H digestion. [02531Other peaks that
could be assigned to complex or hybrid bisected glyearis. At ink 1810; after
EndoH digestion the peak disappeared so the structures can be assigned to the
fucosylated hybrid bisected type. The subtraction of one GlcNAc and one fucose
(from the core a-1,6 fucosylated, reducing-end GleNAc residue) residue from
the adz 1810 peak generates a structure of rn/z 1460. At m/z 1502,
disappearance of this peak by EndoIT digestion (G1cNAc residue eliminated) and
the appearance of a peak at ink 1298, demonstrate that the 1502 peak can be
assigned to a non-fueosylated hybrid bisected type. At nik 1647, the
disappearance of the peak after EndoH digestion demonstrates that this peak is
a fucosylated hybrid bisected structure. The removal of one GleNAc and one
fueose residue generates a structure of ink 1298. The peak at raiz 1826, a
nonfucosylated hybrid bisected type, was digested by EndoH. This generated a
structure with ink 1622. The peak at ink 1053 after EndoH digestion can be
assigned to the high marmose type (1257 in/z), digested by &Aoki. The peak at
ink 1689 (complex bisected) was not affected byEnda' digestion, as expected.
In synthesis, from the data obtained in Table 1, we conclude that 88% of the
oligosaccharide structures carry a bisecting GlcNAc, 60% of which are
nonfuposylated hybrid bisected structures, 22% fucosylated hybrid bisected and
6% fucosylated complex bisected oligosa,ccharide structures.  -96- Table L
Oligesaccharide assignments z Possible structures Relseve% before Endo13
Expected m'z after &idea' 



Observed mg after &doll Relative/ after Endal Assignment 1256 High imannose 9
1053 1053 11 High mannose    



(9%) 1502 Non-fuc. hybrid n 1298 or 1298 13 Non-fuc, hybrid  bisected or  1502



-  bisected (7%)  Non-flit. complex      1647 Fut. hybrid 7 1298 or 



1298 13 Puc, hybrid  bisected or Fuc. complex  1647 -  bisected (7%) 1664
Non-fcc. hybrid 49 1460 or 1460 



60 Nomfuc. hybrid  bisected or  1664 -  bisected (49%)  Norlif-uo, complex    



1689 Fuc. complex bisected 3 1689 1689 5 Puc, complex bisected (3%) 1810 Eck
hybrid bisected 15 1460 or 1460 



60 Fcc. hybrid bisected (13%)  Or Fuc. complex  1810 1810 2 and Fuc. complex
(2%) 1826 Non-tirc. hytnid bisectedj 4 1622 



1622 7 Non-fuc. hybrid bisected (4%) 1851 Foci complex bisected 3 1851 1851 2
Pim. complex bisected      



(3%) 1972 Puc. hybrid bisected 3 1622 1622 7 Fuc. hybrid  bisected (3%)  Mass
balances (in mol fraction in %)  a) Peaks at ink 1502 and 1647: 7 + 7% = 14%
(expected). End0H digestion for both peaks generates raiz 1298 (obtained 13%
after EndoH)  b) Peaks arm/7 1664 and 1810:49 + 13% = 62%. EndoH generate-s
mix 1460 (obtained 60%)  c) Peaks at &a 1826 and 1972: 44- 3% - 7%. EndoH
generates ill& 1622 (7%) 



Summary.Total relative percentage of structures bearing a bisecting GkNAc:88%
Non-fucosylated hybrid bisected: 60% Pucosylated hybrid bisected: 22%
Fueosylated complex bisected: 6%  -97- [0254jThe above data (Figs. 1. to 6)
show that both the level of CmT1TI expression and the particular localization
domain that is used to target the Cm I III catalytic domain to the Golgi,
influence the competition for CrnTI-modified oligosaccharide substrates
between the recombinant GnTIE-catalytic domain and the endogenous core
a1,6-filcosyltransferase, (Mann) and GnTII. enzymes. Higher expression of
GnTIII favors it in this competition, leading to higher levels of bisected,
hybrid and bisected, non-fucosylated oligosacc.harides and to a concomitant
reduction of the levels of bisected complex and bisected, fumsylated
oligosaccharides. This was also noted previously for the wild type (Umana, P.
et a I., Nature Biorechnol. 17:176-180(1999)). Yet, in spite of leading to
similar overall levels of bisected efigosaccharides, localizing the GnTIII
catalytic domain via the GnTI or via the Mann localization domains led to more
effective competition, relative to the wild-type Cm1111, for the GnTI-modified
oligosaccharide substrates against the endogenous core
cc1,6-fucosyltransferase, Macill and GnT1.1 enzymes. [02551The higher
efficiency of the GnTI-CinT111 fusion, compared to wild-type GnT101, for the
synthesis of bisected, hybrid and bisected, non-fucosylated oligosaccharides
can be explained by an earlier Golgi distribution, in the cis-totrans
direction of glycoprotein substrate transport, of GnTI relative to GdfIII. The
fine Golgi distributions of GinT1 and Mann have been determined previously 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 eistenaae of the Golgi stack, with a
higher levels in the medial relative to the trans cistemae. The fire
quantitative spatial distributions of core a1,6-fueosyltramsferase, GnTII and
wild-type Grain have not yet been determined. The above however does not
explain why the ManII-GnTIIII fusion is significantly more efficient than the
GiuTI-GnTIll fusion for the synthesis of bisected, hybrid and bisected,
nen-fueosylated oligosaccharid es, since both OnTI and Mann have identical
spatial distributions along the Golgi subcompartments. 



[02561The higher efficiency of the ManE-OuTfit fusion indicates the existence
of relatively organized functional glycosylationteaction subcompartnents
within  -98- the physical subcompartments of the medial- and trans-Golgi
cistemae. The so-called "medial-Golgi glycosylation enzymes", GmTI, Gran and
Mani are believed to exist in the Golgi as high-molecular weight complexes.
However, if the localization domains allow these enzymes to form part of
these complexes, this would be the same for the Gull- and the ManTT-CCM
fusions. Expression of the recombinant GnTI-CinTLII fusion did not lead to
displacement of the endogenous wild-type GriTI enzyme to any extent
significant to the synthesis of Fc-ohgosaccharides, since all CmTLEI
constructs used here led to a majority of the oligosaccharides being modified
both by GnTI and GnT111 reactions. (02571 Our data indicates that, by virtue
of the Mann localization domain, a liner functional pairing occurs between
the catalytic domains of the endogenous GnT1 and the recombinant Man1I-GnTM
fusion. Organized pairings of enzymes catalyzing subsequent reactions in a
biosynthetic pathway, in a way that favors transfer of the product of the
first reaction to the second catalytic site relative to diffusion of such
product away from the enzymes, is known to occur in other biosynthetic
pathways such as glycolysis and polyketide biosynthesis. . aril and ManIT
have been reported to form "kin oligomers", at least when relocal inns one of
these enzymes to the endoplasmic reticulum (Nilsson, T. et al. Etia0 J.
13(3). 562-74 (1994)). A pair of charged amino acid residues in each of the
stem regions of these two enzymes was found to be critical for this kin
recognition. The residues in CniTI were of opposite charge 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 pad of the
N-linked oligosaccharide biosynthetic pathway, namely core et 1
,6-filcosyltransferase (same charges as GnTI instead of complementary charges
as in the case of MaaL1), Mani and GnTlI. 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. Rot. Chem. 275(16):1183645 (2000)), it is possible that they
are involved in a finer pairing of the catalytic domains during
oligosaccharide biosynthesis. Such paining does not need to be irreversible,
but can be mediated by transient, dynamic interactions between the  -99-
enzymes. There could be additional determinants for pairing elsewhere in the
stem cif catalytic region. However, any contribution to a specific WTI-Mardi
panting from the catalytic domain of Manll would be lost in the recombinant
fusion bearing the CinTlf catalytic domain. [0258]Figures 9 to 11 demonstrate
increased antibody-dependent cellular cytotmdcity (ADCC) resulting from
oveexpre.ssion in the antibody-producing cells of a nucleic acid encoding a
polypeptide with GnTIII activity that is localized to the Golgi via different
localization domains. Increased ADCC resulting from expression of recombinant
polypeptide with GnTIII activity and localized to the Golgi via the GnTI
Golgi localization domain is shown in Fig. 9. The oligosaccharide profile of
the control antibody used for the ADCC assay of Figure 9 is shown in Fig. 1.
The oligosaccharide profile of the glycoengineered antibody used for the ADCC
assay of Figure 9 is shown in Fig. 3. Increased ADCC resulting from
expression of recombinant polypeptide with GnTIII activity and localized to
the Golgi via a glycosidase, Maul, Golgi localization domain is shown in Fig.
10. The cligosaccharide profile of the control antibody used for the ADCC
assay of Figure 10 is shown in Fig. 5. The oligosaccharide profile of the
glycoengineered antibody used for the ADCC assay of Figure 10 is shown in
Fig. 6. [0259]Fig. 11 shows that expression of a recombinant polypeptide with
activity and localized to the Golgi via a Ma:ill Golgi localization domain
leads to increased ADCC activity relative to the use of the wild-type GaTHI
polypeptide with its own GnTD:I Golgi localization domain. The
oligosaccharide profile of the antibody glycoengineered by expression of
wild-type OnTEI 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 GnTIL activity, localized to the Golgi via the ManII
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, nonfimosylated oligoseccharides,
have increased ADCC activity compared to antibodies with complex,
focosylated, non-bisected oligosaticharides. It should be noted that all of
the bisected oligosaccharides of the more active antibody used  1 00- 



in the ADCC assay of Fig. 10 are bisected, non-fucosylated hybrid
oligosaccharides. As mentioned previously, use of the fusion polypeptide with
GnTfil activity and localized to the Golgi via the ManII localization domain
leads the more efficient synthesis of the non-fucosylated, bisected
oligosaccharides, and Fig. 11 shows that antibodies with increased levels of
these bisected, nonfucosylated oligosaccharides are more active in ADCC
relative to antibodies with lower levels of these oligosaccharides. The ADCC
activity increases correlate with increases in this bisected,
non-fircosylated oligosaccharide fraction within the Fc-associated
oligosaccharide population, and large increases are seen when this fraction
is higher than 15 to 20%. [02601Natural killer (NIC) cells are known to be
important mediators of ADCC. These cells carry on their surface the
activating Fegarruna receptor ETA, also known as CD16a. Binding of the Fe
region, of the target-cell bound antibodies, to FcgammaRBI.A. receptors on NK
cells is essential for erosslinking of these receptors on the MC cell and
subsequent induction of ADCC. Therefore it is important to evaluate the
binding of the antibodies pmduced by the methods described here to Fe
receptors, in particular to receptors in the native form in which the human
immune effector cells display them. Figure 12 demonstrates that
glycoengineered antibodies produced by expression in the antibody producing
cells of a nucleic acid encoding a:fusion polypeptide with CM1111 activity
have increased binding affinity to the human activating Pc receptor
FcgammaRDIA. As mentioned above for the ADCC assays, these antibodies have
increased levels of bisected, non-fucosylated oligosaccharides that result
from the expression in the antibody-producing cells of the fusion polypeptide
with Gitlin activity. The NK cells used in this assay were from a donor of a
genotype that does not express the FcgammaRlic receptor on their NIC cells
(Metes, D. et al. J. Immunol Methods 25K(1-2):85-95 (2001)). Therefore the
only Fe receptor on the surface of these cells is the activating
FcganninakEdA receptor. Fig. 13 shows that the binding assay measures
specific binding affinity to this receptor. This is shown by competition with
a FcgarnmaRM-specific blocking antibody fragment (3G8 Fab2-fragmetd).  -101-
1026])Strong evidence of the impact of enhanced Pc-FeR interactions on the
outcome of anti-tumor antibody therapy comes from the correlation, found in
lymphoma patients receiving ritaximab, between efficacy and the homczygous
higher-affinity FcgamimaRMA receptor genotype (Carton, G. et al. Blood
99(3):754-S (2002)). This was the single parameter found to con-elate with a
vastly enhanced objective response rate and increased proportion of molecular
responses. Increased efficacy due to enhanced FcgannuaRILIA-Pc interactions
can be dotived from the functions carried out by various types of immune
cells, including natural killer (NK) cells, macrophages, monocytes and
dendritic cells. Crossliaking of the activating FcgammaRDIA receptor on 14K
cells, macrophages and monocytes can lead to tumor cell lysis by ADCC (widely
believed to be the prime FcR-dependent killing mechanism in vivo)(Maloney,
D.C. et at Semin. Oncol. 290 Suppl. 2):2-9 (2002), Amigoretia S., J. Exp.
Med. 195(1):F1-3 (2002)) and also to antibody-dependent cellularphagocytosis
(Hazenbos, W.L. et al. I. Immune]. 161(6):3026-32(l 998), Reff M.E. and
Heard, C. Crit Rev Oncol Ilematot 40(1):25-35(2001)) and to eytoldne release
in the vicinity of tumor. cells (Carson, W.E. et at Eur.J.Immunol.
31:3016-3025(2001)). These cytokines can in turn lead to direct cylotoxic
effects on tumor cells, to anti-angiogenic effects which inhibit tumor growth
by deprivation of oxygen and nutrients, and to enhanced tumor antigen
presentation as part of an active T-cell mediated immune response against
tumor cells. Dendrite cells are crucial for antigen presentation to T-cells,
and cross-linking of FcgammaRDIA 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)Y1-3 (2002), ICalergis, A.M. and Ravetch, J.V. J. Exp. Med.
195(12)1653-1659(2002), Selenko, N. e. at J. Clin. Immunot
22(3):124130(2002)), Cross-linking of target-cell bound antibodies by Fe
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, M3. and Heard, C. Celt
Rev Oncol Hematol.  -102- 40(i):25-35(2001), Cragg, M.S. eral. Blood
101(3):1045-1052 (2003)). Of all these immune effector cells, NK cells alone
possess only activating FcgarnmaRs on their surface. In the other types of
cells, the activating FcgammaRIE is present together with the inhibitory Fe
gammaRIlb receptor, and induction of anti-tumor effector functions results
from a positive balance of the activating over inhibitory signals.
[0262]Figure 15 shows that the increased Pc receptor binding is selective for
the activating receptor compared to the inhibitory FcgammaRElls. Such
selectivity is important for effector functions carried out by immune cells
other than NK cells, as explained above. Moreover, the increases in binding
achieved by glycoengineering the Fe antibody region, using the methods
described here, are far greater than those observed naturally for the
homozygous higher-affinity FcgammaRDIA genotype patients/donors receiving
standard, unmodified antibody (Fig. 16) and that have already been associated
with increased efficacy of and-cancer antibodies (Certain, G et al. Blood
99(3):754-8 (2002)).  [0263] The binding domain of the activating FcgammaRBIB
receptor is almost identical to that of the FcgarnmaRDIA. Therefore, the
above data also indicates that glycoengineered antibodies described here can
lead to increased effector functions mediated by effector cells displaying
the FegammaRDIB, such as polymorphonuclear (PION) cells, including release of
toxic products and phagocytoois ((Reff, M.E. and Heard, C. Crit Rev Oncol
Hematol. 40(1):25-35 (2001), Dacron, FM. Annu. Bev. Imntunol. 15:203-34
(1997), Ravetch, J.V. and Holland S. Anna. Rev. banana 19:275-90 (2301)).
[0264]Figwe 18 shows the oligosacchande profile of an anti-0O20 antibody
produced fiom BM( cells growing in suspension and engineered for
constitutive, high-level expression of both the recombinant antibody and a
fusion polypeptide with CmT11.1 activity. The oligosaccharide profile shows
increased levels of bisected non-fucesylated and bisected hybrid oligosaccb
;irides for the antibody from the cells engineered with the fusion GnTill
(see Table 2 also) These structures axe not found in non-glycoenjneered
antibodies produced by nonglycoengineered BHK. cells (see Fig. 1).
The,engineered cells expressing the 



-103- CinTIII fusion exhibited normal growth in swells on and good antibody
productivity. [02651The relative percentages of the oligosaccharides of the
glycoengineered monoclonal antibody produced by the stable BELK- I 502-28-1 1
cell line are presented in Table 2. Table 2: Relative percentages of the peaks
obtained by MALDT/T0E-MS. Peak (raiz) _ Relative percentage 11257 25% 1486 2.8
%  1647 



6%  1664 22.30%  1680 15% 6 1689 4.8%  170 3%  1810 



27.8% 9 1826 10% 10 1851 7.5% 11 1972 9% 122012 1.75%  Total bisected: 88.6%
(4+5+6+7+8+9+10+11+12) Total non-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) 



[02661The oligosaccharide analysis showed that 88,6% of the structures carry
a bisecting GlaNAc residue, 50.8% are fucosylated and 37.8 % axe non-
fucosylated. The digestion of the PNGaseF-released oligosaccharide with
-104- Endo glycosidaseH demonstrated that most of the peaks obtained are of
the hybrid bisected type (Fig. 19). Fig. 20 shows increased binding affinity
of the glycoengineered antibody, produced by the BHK-1502-28-11 cell line, to
the activating Fe receptor FcgammaRILIA on human NK cells. Cell lines growing
in suspension and with constitutive stable expression of both the antibody
genes and the fusion GnTLL1 polypeptide are ideal for large-scale production
of therapeutic antibodies_ Using standard cell engineering methods, the
glycoengineering can be implemented either by introducing the fusion GnTIEL
gene into a cell line containing the antibody genes, or by introducing the
antibody genes into a cell line containing the fusion Gann gene (a
"pre-glyeoengineered production cell line"), or by introducing the antibody
and OnTIII fusion genes at the same time. 102671 An anti-CD20 antibody
produced in cells engineered for high level expression of the nucleic acid
encoding a fusion polypeptide with ann activity and localized to the Golgi
via the Manll localization domain was tested also for complement mediated
lysis (CML), a different effecter function that is not dependent on Pc
receptors on immune effector cells. The vast majority of the
oligosaceliarides of this glycoengineerod antibody were of bisected hybrid
nonfucosylatcd type. Reduced CML activity was observed for this anti-CD20
antibody compared to the unmodified antibody (Fig. 21). For some applications
antibodies with increased ADCC but with reduced CAI may be desirable, for
example to reduce side effects, such as vasculitis in the blood vessels at
the tumor site, mediated by CML. Other significant C/vEL-mediated
side-effects have been observed for anti-CD20 antibody therapy (van der Kolk
L.E. et al. Br J Haematal. 115(4) : 807-11 (2001)). However, the o gosacehari
de profiles above also show that is also possible to engineer the antibody
producing cells to express the CeITLI fusion polyp eptide at an intermediate
expression level that leads to intermediate levels of bisected hybrid
non-fucosylated oligosaccharides (higher than 15%), but with a significant
traction of complex oligosaccharides within the Fe oligosaccharide population
of the glycoenginecred antibody. Such complex oligosaccharides are associated
with noimal, not reduced, levels of CML. Therefore the data indicates that
antibodies with increased ADCC can be  -105- produced in this way which
should maintain very similar levels of CML activity compared to
non-engineered antibodies. [0268jA second chimeric IgG1 antibody, C225, also
known as cetuximab, that recogrtizes the human epidermal growth factor
receptor (ECiFR) was glycoengineered by the methods described here. Fig. 22
shows the otigosaccharide profiles of the unmodified anti-EGFR antibody C225
and of the glycoengincered version of the same antibody. The later was
produced in cells expressing a nucleic acid encoding a fusion polypeptide
with CinTIII activity and loci; Ii7ed to the Golgi via a Mann localization
domain_ Fig. 23 shows increased ADCC of the anti-EGFR antibody resulting from
this glycoengineering. Glycoem;ineered antibodies produced by the methods
described here, and having increased ADCC and increased binding affinity to
activating Fc receptors, are promising molecules for antibody therapy of
cancer and of auto-immune diseases, since they should lead to increased
efficacy, relative to the corresponding unmodified (non-glycoengineered)
version of those antibodies, for these therapies. Additionally it should be
possible to reduce the therapeutic doses for the glycoengineered antibodies
compared to the unmodified ones, and this would positively impact the
economics of antibody production. EXAIY2LF 2 Treatment of Immune-Mediated
Thrombocytopenia in a Patient with Chronic Graft-Versus-Host Disease 



[0269)Autoimmune thrombocytopenia in chronic graft-versus-host disease
represents an instance of B-cell dysregulation le: ding 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 Ratanatharathom, V. et al., Ann.
Intern. Med. 133(47275-79 (2000) (the entire contents of which is hereby
incorporated by reference). Specifically, a weekly infusion of the antibody,
375 mgirn2 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.  -106- EXAMPLE 3 Treatment of Severe,
Immune-Mediated, Pure Red Cell Aplasia and Hemolytic Anemia
[0270]Immune-mediated, acquired pure red cell aplasia (PRCA) is a rare
disorder frequently associated with other autoimmune phenomena. To treat
immune-mediated, acquired pure red cell aplasia in a subject, an anti-CD20
chimeric monoclonal antibody prepared by the methods of the present invention
and having increased ADCC is administered to the subject as described in
Zecca, M. et al.., Blood /23995-97 (1997) (the entire contents of which are
hereby incorporated by reference). Specifically, a subject with PRCA and
autoimmime hemolytic anemia is given two doses of antibody, 375 mghii2, per
week. After antibody therapy, substitutive treatment with intravenous
immunoglobulin is initiated. This treatment produces a marked depletion of B
cells and a sigaificant  rise in roticulocyte count accompanied by increased
hemoglobin levels. EXAMPLE 4 Materials and Methods 1.Construction of
GalT-fusion expression vectors Vector for constitutive expression of GaIT
[02711For construction of the GaIT expression vector, CralT eDNA is amplified
from a cDNA library (Clontech) by PCIC A C-terminal c-myc-epitope tag is added
immediately upstream of the stop codon of the gene (amino acid sequence:
PEQICLISEEDL) for later, convenient detection of GalT by Western Blots. After
co afi filiation of the correct sequence of Ga IT the gene is inserted under
control of the MPSV promoter and a synthetic rabbit beta-gobin polyadenylati
on sigial is added. The final GaIT expression vector also contains a separate
puromycin resistance cassette for selection, with the puromycin resistance
gene also under 



the control of the fvfdPSV promoter and synthetic rabbit beta-globin
polyadenylation signal. Replacement of amino acids encoding the localization
domain of GMT with the amino acids encoding the localization domain of the
human CmTI. [0272.1The construction of this hybrid galactosyltransferasc gene
is performed, for example, by overlapping PCR reactions, resulting in the
plasmid containing the CluTI-GaIT fusion under control of the Is4CPSV promOter
and a puromych resistance cassette for selection. Replacement of the amino
acids encoding the localization domain of Gall' with the amino acids encoding
the localization domain of human mannosidase  [0273]The construction of the
GalT expression vector is performed. The resulting plasmid contains the hybrid
matill-Gall gene under control of the IsIPSV promoter. c_p_mbination of the
hybrid instil-GalT fusion gene with the replication origin ode from Epstein
Barr  virus. [0274]A DNA fragment with oriP is subcloned as described in
Example 1 into the hybrid Man.II-Gall expression vector described above.
Combination of the hybrid manII-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 maalI-GalT fusion gene expression cassette is converted from a
monocistronic to a bicistronic expression cassette by inserting, downstream of
the stop codon of the manIT-GialT fusion, a polio virus aBs 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).  



-108- 3.Transfection of mammalian cells with Ga1T-fusion- and antibody
expression vectors Trsmsfection of BEE( cells [0276]Exponentially growing
cells (viability 90-95 %) are cultured, harvested and subsequently transfected
as described in Example 1. For the production of the glyeroengineered
antibodies, the cells are co-transfected with two plasmids, one for antibody
expression and the other for fusion Gall polypeptide expression, at e ratio of
3:1, respectively. Transfection of 1E,1{293-E13NA cells [0277]Exponentially
growing ITEIC293-EBNA cells are Iransfected as described in Example I. For the
production of the glycoengineered antibodies, the cells arc co transfected
with two plasmids, one for antibody expression and the other of fusion CralT
polypepticle expression, at a ratio of 4:1, respectively. At day 5
posttransfection, supernatant is harvested, centrifuged for 5 min at 1200 rpm,
followed by a second centrifugation for 10 min at 4000 rpm and kept at 4C.
Generation of a stable mammalian cell line expressing a recombinant anti-CD20
antibody and a CralT-fasion [02781The clone BHK- 1502-28, constitutively
expressing anti-CD20 monoclonal antibody genes and the neomycin resistance
gene, is transfected with the expression vector by electroporation. The vector
thews for constitutive expression of the ManII-GalT gene and a truncated form
of human CID4, the latter IRES-dependently expressed. The vector also contains
a puromycinresistance gene expression cassette. Puromycin-resistant clones are
first selected to obtain a set of clones that cbromosomally integrated the
vector DNA. Clones are then screened for surface expression of truncated CD4
(ICD4), which serves as a marker for expression level of the bicistronic
ManII-GaIT-MCD4 gene expression unit. Recombinant antibody production of the
selected clones is verified using an ELISA assay.  -109- (0279]Transfection
and subsequent screening of tCID4 expression level is carried 



out as described in Example I. 4. Production and purification of unmodified
and glycoengineered antibodies [0280)In the case of BliK cells transfected
with an antibody expression vector or co-transfected with an antibody
expression vector plus a GaIT-fusion expression vector, the culture
supernatant is harvested after culturing the transfected cells for 96 h post
transfection. Depending on the expected productivity, several
electroporaticras (10-15) are done for the same vector. [0281]In the case of
HEK.293-EBNA cells am-steeled with an antibody expression vector or
co-transfected with an expression vector plus a GalT-fusion 5xpression vector,
the culture medium is replaced by fresh culture medium approximately 16 hours
postaansfection and the later medium is then harvested after culturing the
transfected cells for a further 120 hours. 102821For the stable 1311K-1.
502-28-11 cell line, a culture is seeded at 500,000 cells/m1 and supernatant
harvested after 4 days of culture. Antibody purification (02831Monoclonal
antibody is purified from culture supernatant using two sequential
chromatographic steps, Protein A chromatography and cation exchange
chromatography as described in Example I. 5. Oligosaccharide Analysis
[0284]Oligosaccharides are enzymatically released from the antibodies by
PNGaseF digestion, with the antibodies being either immobilized on a PVDE
membrane or in solution. [0285].The resulting digest solution containing the
released oligosaccharides are 



either prepared directly for MALDUTOF-MS analysis or are further digested
with EndoH glycosidase prior to sample preparation for MALDI/r0E-MS analysis
-110- The oligosaccbaride release method for PVDF membrane-immobilized
antibodies and the oligosaucharide release method for antibodies in solution
are carried out as described in Example 1. Use of Endoglycosidase H digestion
of PNGaseF-released oligosacoharides for the assizament of hybrid
aalactosylated oligoso rharide structures to MALDI/TOF-MS neutral
oligosaccharide peaks [0286]The PNGase released oligosaccharides are
subsequently digested with Endoglycosidase H (EC 3.2.1.96) as described in
Example 1, MALDI/TOF-MS [0287]Samples containing the enzymatic, digests
containing the released oligosaccharides are prepared for and subsequently
run on a MALDIrf OF 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, M063178
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. 



S.ADCC Assay [02901?HMO or MC as effector cells are prepared as de,scribed
above and assayed for their ability to mediate cytotoxicity in an Antibody
Dependent Cellular Cytotoxicity (ADCC) Assay as described in Example 1.  9.
FcgammaR1BA binding on NK cells and FcgammaRIEb binding on Raji lymphoma cells
102911The binding of FcganarnaRDIA on freshly isolated NEC cells and the
binding of FcgaromaRM on Ftaji lymphoma cells is determined as described in
Example 1. 10. Complement dependent cytotoxicity assay [0292]Complement
dependent cytotoxicity assays are performed using antibody dilutions according
to the method described in Example 1. Results and Discussion [0293]Assays are
carried out in order to demonstrate the impact of the expression of genes
encoding polypeptides with Ge.IT activity on cell viability, cell growth or
antibody production, relative to cells not producing such pc lypeptides.
10294]The purified antibodies are analyzed for their glycosylation patterns by
MALDITTOF-MS as described in Example 1. Using this technique, it is possible
to determine the fraction of different oligosaccharide species within the
total, original Fc-oligosaccharide population, and it is also possible to
assign structures to different peaks in the spectra (Unarm, L et al., Nature
Biotechnol, 17:176- 180(1999)). 



[0295]The unmodified antibody oligosaccharide profile is determined.
Specifically, it is determined if the engineering of the antibody producing
cells by expression of wild-type CralT 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 GnTIGaIT fusion polypeptide, where the Gaff catalytic domain
is localized via the CmTI Golgi localization domain, leads mainly to
galactosylated complex biantennary oligosaccharides relative to the wild-type
GalT. If galactosylated, non-fucosylated and galactosy]ated, hybrid sti
actures are synthesized, these may  -112- result &cm the competition between
GaIT and other glyeasyltransferases or glyeosidases. It is expected that once
an oligosaccharide is modified with a galactose added via a GaIT-catalyzed
reaction, a1,6-core fueosyltausferase, Golgi a-mannosidase 1:1 (Maill) and
QuiLl can no longer act to modify the galactosylated oligosaccharides.
[0296]EndoH glycosidase digestion, which can distinguish between hybrid and
complex oligosaccharides is used evaluate the proportion of Pc-attached
galactosylated, non-fueosylated and galactosylated, hybrid oligosaccharides.
[02971 Tests are carried out to determine if the engineering of the
antibody-producing cells by expression of a nucleic acid encoding a
Matill-GaIT fusion polypepticie, where the GalT catalytic domain is localized
via the Manll Golgi localization domain, leads mainly to galactosylated,
non-fucosylated and galaztosylated, hybrid. Specifically, it is determined
whether, relative to the wild-type GaIT and to the GnTI-GalT fusion, the
Manill-GaIT fusion is more efficient in the synthesis of Fe-attached
galactosylated, non-fucosylated and galactosylated, hybrid oligosaccharides.
[0298]As mentioned above, endoglycosidase H (EndoH) is used to confirm the
assignment of galactosylated non-fucosylated and galactosylated, hybrid
structures to the different oligosaecharide peaks observed in the MALDI
profiles. Of the oligosaccharide galactose residues thdt carry a galactose
residue, the percentages of those struetut es that are non-fueosylated hybrid
structures, fucosylated hybrid and fiicosylateci complex oligosacclaaride
structures are determined. [0299The impact of the level of Gall expressionand
the particular localization domain that is used to target the GaIT catalytic
domain to the Golgi, on the competition for GI-ITT-modified oligosaccharide
substrates between the recombinant Ga1T-catalytic domain and the endogenous
core 0 1,6- fueosyltransferase, Manll and CmTII enzymes is determined. The
level of antibody-dependent cellular cytotoxicity (ADCC) resulting from
overexpresaion in the antibody-producing cells of a nucleic acid encoding a
polypeptide with GaIT activity that is localized to the Golgi via different
localization domains is determined.  -113- [0300]Ills also determined whether
gtycoengineered antibodies produced by 



expression in the antibody producing cells of a nucleic acid encoding a fusion
polypeptide with GMT activity have increased binding affinity to the human
activating Fe receptor FogammaRDIA or for the in FogammaRlib. [0301] The GalT
constructs will outcompete the activity of the endogenous core
01,6-fucosyltransferase, glycoengineering the Fe regon of an antibody and,
consequently, increasing ADCC. 103021The oligosaccharide profile of an
anti-CD20 antibody produced from EFIX cells growing in suspension and
engineered for constitutive, high-level expression of both the recombinant
antibody and a fusion polypeptide with Gail activity is determined. The
relative percentages of the oligosaccharides of the glycoengineered monoclonal
antibody produced by the stable 13T-11C-1502-2S.11 cell line are also
determined. EXAMPLE 5 Materials and Methods 1,Construction of Marai and OnTEI
expression vectors 10303]For consh-uction of the ManlI expressionvector, a
human mannosi daso LI (SEQ ID NO:!?) cDNA was subeloned into an expression
vector plasmid downstream of the MPS'V promoter and upstream of a synthetic
rabbit betaglobni polyadenylation signal. For the GnITI expression, an
expression vector plasmid is used with the human Gall cDNA rubel:tined
downstream of the human CMV promoter/enhancer and upstream of a bovine growth
hormone nolyadenylation signal  -114- Combination of the expression vectors
with the replication origin oriP from Epstein Barr virus. [0304]A DNA fragment
with oriP was subcloned as described in Example 1 into the Man.11 expression
vector described above to give MITCH expression vector pCLF9. A DNA fragment
with oriP is subcloned as described in Example 1 into the GnTII expression
vector described above to give GnTIT expression vector pGnTH. 2. Transfection
of LIEK293-EBNA cells 



[0305]Exponentially growing BEK293-EBNA cells were transfected as described in
Example 1. For the production of unmodified antibody "Cwt", the cells were
transfected with antibody expression vector (pETR1520). For the production of
the glycoengineered antibody "Cbrt", the cells were co-trans fected with two
plasmids, one for antibody expression (pETR1520) and another for fusion GnTlll
polypeptide expression (pETR1519) at a ratio of 4:1, respectively. For the
production of the glycoengineeted antibody "Cm", the cells were cotransfected
with three plasmid.s, one for antibody expression (pETR1520), one for fusion
GnTLE 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 GnT111
polypeptide expression (pETR1519), one for mannosidase U expression (pCLF9),
and one for GnT11 expression (pGn111) at a ratio of 4:0.33:0.33:0.33,
respectively. 3. Production and purification of unmodified and glycoengneered
antibodies [0306]The culture medium of the transfected cells above was
replaced by fresh culture medium approximately 16 hours posmransfection 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
4C.  -115- Antibody purification [0307]Monoclonal antibodies were purified
front culture supernatants using two sequential chromatographic steps, Protein
A chromatography and cation exchange chromatography as described in Example I.
For antibodies cvat7, cbri5, and Lull, an additional size exclusion
chromatography step lasing a Superdox 200 column (Anaershana Pharmacia) and
phosphate buffer saline was added after the cation exchange step, and the
monomeric antibody peak was collected. 4,Oligosaccharide Analysis
[03081Oligosaccharides were enzymatically released from the antibodies in
solution by PNGaseF digestion as described in Example 1. Use  of
Endoglycosidase H digestion of PNGaseF-released oligosacchatides for the
assignment of  hybrid bisected oligosacelaaride structures to MALDI/T0E-MS
neutral oligosaccharide peaks [0309]The PNGase released oligosaccharides were
subsequently digested with 



Endoglycosidase H (EC 3.2.1.96) as described in Example 1. MALDI/TOF-M$
[0310]Samples containing the enzymatic digests containing the released
oligosaccharides were prepared for and subsequently ran on a MALDIPTOF mass
mectrometer as described in Example 1. 5.Cell Preparation and Isolation
[0311]Peripheral blood mononuclear cells (PTIME) were prepared using
Histopaque-1077 (Sigma Diagnostics Inc., St. Louis, M06317 USA) following
essentially the manufacturer's instructions and the protocol described in
Example  -116- 6. N1C cell isolation [0312]Human N1C cells were isolated from
PBMC applying a negative selection procedure as described in Example 1. 7.
ADCC Assay [03131PBMC as effector cells were prepared as described above and
assayed for 



their ability to mediate cytotoxicity in an Antibody Dependent Cellular
Cytotoxicity (ADCC) Assay as described in Example 1. 8. FcgammaRDIA binding
on NK cells [0314]The binding of FcgammaREHA on freshly isolated NK cells and
the binding of FcgammaRIfb was determined as described in Example I. 9.
Complement dependent cytotoxicity assay [03151Complement 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 ali quoted and stored at - 80C. NHS was used at 20% of
final assay volume. Results and Discussion [0316]Glycoengineered versions of
an anti-CD20 chimeric IgG1 anfibody (C2B8 chimeric antibody, also known as
rituximab) were produced by cotansfecting cultures of mammalian cells with
vectors for expression of antibody gents and with vectors for expressina of
genes encoding polypeptides with GiiTrn activity and mannosidasell. An
additional glycoengineered antibody  VT- version is also made by
co-transfecting cultures of mammalian cells with vectors for expression of
antibody genes and with vectors for expression of genes encoding polypeptides
with OnT111 activity, mannosidasell activity, and CuiTII activity. For
glycoengineered antibody "Cbrt", cells were co-tuansfected with two plasmids,
one for antibody expression (pETR1520), one for fusion GnTDI polypeptide
expression (pETRI 519). For glycoengincered antibody "Cm", cells were
co-transfected with three plasnaids, one for antibody expression (pETR1520),
one for fusion OnTapolypeptide expression (pETR1519), and one for mannosidase
11 expression (pCLF9). For glycoengtneered antibody "Cmg", cells are
co-traasfected with four plasmids, one for antibody expression (p El R1520),
one for fasion On fill polypeptide expression (pE IR1519), one for
mannosidase II expression (pCLF9), and one for C-n'fIl expression (pCinTa)
at. An ummodifi ed (non-glycoengineened) version of the same antibody, "Cwt"
was produced by transfecting mammalian cells only with the vector for
antibody gene expression. The transfected cells were kept in culture for five
days and the secreted, recombinant antibodies were purified from the culture
medium. Expression of genes encoding polypeptides with OnTIII and Mull
activity did not have any significant effect on cell viability, cell growth
or antibody production, relative to cells not producing such
glyaisyltransferase or glycosicLase polypeptides. 103171The purified
antibodies were then analyzed for their gIycosylation patterns. These
antibodies carry N-linked oligosaccharides attached only to Asn297 residue of
the human IgG1 Fe region. The oligosaccharide,s 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 oligosacchecide species within the total, original
Fe-oligosaccharide population, and it is also possible to assiga structures
to different peaks in the spectra (Umana, P. er al."Vature Biotecimot 17:176-
180(1999)). 



103181Figure 26 shows the neutral o ligosacchan de MALDYTOF-MS profile from
the =modified, recombinant C2B8 anti-CD20 chimeric IgG1 antibody Cwt. As for
the unmodified antibody previously described in Example 1, Figure 5, Cm
-118- had a typical oligosaccharide profile, with peaks at m/z ratios of
1485, 1648 and 1810 being consistent with biantennary, core-fucosylated,
complex oh gosaccharides with 0, 1- and 2-galactose residues, respectively.
Engineering of the antibody-producing ceUs by expression of a nucleic acid
encoding a MannGnTM fusion polypeptide, where the GnTIII catalytic domain is
localized via the Mania Golgi localization domain led to the production of
s.n antibody (Cbrt) where the majority of the Fe-oligosaccharides were
bisected, non-fucosylated hybrid (see Figure 27). As described in Example 1,
endoglyeosidase Fl (EndoH) was used to confirm the assignment of bisected
non-fucosylated and bisected, hybrid structures to the different
oligosaccharide peaks observed in the MALDI profiles. [0319]Engineering of
the antibody-producing cells by co-expression of a nucleic acid encoding a
Man.11-CriTM fusion polypeptide, where the GmT1Eff catalytic domain is
localized via the Manll Got& localization domain, and a nucleic acid encoding
Mardi, led to the production of an antibody (Cm) when the majority of the
Ri-oligosaccbarides were bisected., non-fucosylated complex (see Figure 28).
Engineering of the antibody-producing cells by co-expression of a nucleic
acid encoding a Manlii-GnTLII fusion polypeptide, where the Gni`111 catalytic
domain is localized via the ManE Golgi localization domain, a nucleic acid
encoding Mann and a nucleic acid encoding Giulia, leads to the production of
an antibody (Crag) where the majority of the Fe-oligosaccharides are
bisected, nonfucosylated complex, with a fraction of bisected,
non-fseosylated complex Fe-attached oligosaccharides even higher than that of
antibody Cm. 103201Figure 29 shows data demonstrating increased
antibody-dependent cellular cyto toxicity (AD CC) resulting frau expression
in the antibody-producing cells of a nucleic acid encoding a Mar TI-GnTICI
fusion polypep tide, where the on nil catalytic domain is localized via the
Mann Golgi localization domain, where the Mann-GEM-II-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 Mann (Cm)
Therefore, increasing the level of bisected, non-fucosylated oligosaccharides
of either the hybrid or complex type in the Fe region of the glycoenginecred
antibodies leads to increased ADCC activity.  -119- (0321jNatural killer (NK)
cells are known to be important mediators of ADCC. These cells carry on their
surface the activating Fcgarnma receptor MA, also known as CD16a. Binding of
the Pc region, of the target-cell bound antibodies, to FcgiumnaRIIIA
receptors on NK cells is essential for crosslinking of these receptors on the
NK cell and subsequent induction of ADCC. Therefore it is important to
evaluate the binding of the antibodies produced by the methods described here
to Pc receptors, in particular to receptors in the native form in which the
human immune effecter cells display them. Figure 30 demonstrates that
glycoengineered antibodies produced by expression in the antibody producing
cells of a nucleic acid encoding a fusion polypeptide with Coffin activity,
expressed either on its own (antibody Clirt) or ca-expressed in the antibody
producing cells together with a nucleic acid encoding Math (Cm), have
increased binding affinity to the human activating Fc receptor FcgammaRDIA.
As mentioned above for the ADCC assays, these antibodies have increased
levels of bisected, non-fiansylated oligosaccharides that result from the
expression in the antibody-producing cells of the fusion polypeptide with
OnTII activity. [0322] Therefore, increasing the level of bisected,
non-fueosylated oligosaccharides of either the hybrid or complex type in the
Fe region of the glyeoengineered antibodies leads te increased ADC C
activity. The NK cells used in this assay were from a donor of a genotype
that does not express the FcgarnmaRlic receptor on their NEC cells (Metes, D.
etal. .1 Ingmunot Methods 258(1-2):85-95 (2001)). Therefore the only Fe
receptor on the surface of these cells is the activating FcgammaRLIJA
receptor. 



[03231The binding domain of the activating FegammaR1118 receptor is almost
identical to that of the Fcga.mmaRllIA. Therefore, the above data also
indicates that glycoengineered antibodies described here can lead to
increased effector functions mediated by effector cells displaying the
FcgarnmaRMB, such as polymorphonticlear (P.MN) cells, including release of
toxic products and phagocytosis ((Reff, M.E. and Heard, C. Crit Rev Oncol
HematoI 40(1):25-35 (2001), Daerott, FM. Annu. Rev, Immunol. 15:203-34(1997),
Ra.vetch, J.V. and Holland S. Ants. Rev. Immunol. 19:275-90(2001)).  -120-
10324)Clan, an anti-CD20 antibody produced in cells engineered for expression
of the nucleic acid encoding a fusion polypeptide with GnT111 activity and
localized to the Crolgi via the Man11 localization domain was tested also for
complement mediated lysis (CML), a different effector function that is not
dependent on Pc receptors on immune effector cells. The vast majority of the
oligosaccharides of this glycoengiaeered antibody were of bisected hybrid
nonfucosylated type. Reduced CML activity was observed for the Cbrt antibody
compared to the unmodified antibody Cwt (Figure 31). For some applications
antibodies with increased ADCC but with reduced CML may be desirable, for
example to reduce side effects, such as vasculitis in the blood vessels at
the tumor site, mediated by CML. Other significant CMT_,-mediated
side-effects have been observed for anti-CD20 antibody therapy (van der Kolk
L.E. et al. Br J Ilaematol. 1 l5(4)80741 (2001)). However, it is possible to
produce glycoengineered antibodies with increased ADCC acts-fry and
FcganunaRDI binding, but  without si cantly reducing CML activity relative to
the unmodified antibody, as in the case of antibody Cm (Figure 31). Such
antibodies would be desirable for applications where maximal target cell
elimination requires both high ADCC and high complement activation and CML
activity. The oligosaccharide profiles described above show that is possible
to engineer cells to produce antibodies where a majority of the Fe-attached
ollgosaccharides wre of the bisected, not-fucosylated complex type instead of
hybrid type by co-expressing the Giffin fusion polypeptide together with a
nucleic acid encoding Mani; (antibody Cm) or together with a nucleic acid
encoding Mardi and with a nucleic acid encoding GnTII (antibody Cmg). The
glycoengineered antibodies have increased ADCC activity and increased
FcgammaRth binding affinity that correlates with their increased levels of
bisected non-fucosylated oligosaccharides, while their CML activity increased
as the fraction of complex oligcsaccharides increases relative to the
fraction of hybrid oligosaccharides.  [0325] This and the previous examples
have described the expression of fusionpolypeptide encoding nucleic acids,
where the fusion polypeptide is localized to the Golgi complex and has a
catalytic domain that competes with endogenous fucosyltransferases for o
lisps acchari de acceptors previoulsiy modified via GnTT-  -121- catalyzed
reactions. Recombinant glycoproreins produced by such engineered host cells
have increased levels cf non-fucosylated oligosaccharides. This example
demonstrates that co-expression in such host cells of nucleic acids encoding
ManII and/or GCII together with the above fusion-polypeptide encoding nucleic
acids, leads to an increase in the biosynthetic flux towards complex instead
of hybrid oligosaccharicles and therefore to the synthesis of glycoproteins
with increased levels of non-fucosylated complex oligosaccharides relative to
glycoproteins produced in cells not co-expressing the Mann- and/or
Gun:I-encoding nucleic acids. EXAMPLE 6 Overexpression of a-Mannosidase
Molecular cloning Human a-Mannosidase II  [0326]The gene coding for the human
a-Mannosidase If (h/vIan11") (E.C. 



12.1.114) (SEQ ID NO:17), under the control of the MYSV promoter, was cloned
in an expression vector containing the OriP element The resulting expression
vector pCLF9 is shown in Figure 32A. The expression vectors coding for the
light and heavy chain of the anti-CD20 monoclonal antibody were respectively
pETR1842 and pETR1843 (Figures 328 and 32C). Elision protein Manfl-Gall
[0327)A fusion protein (SEQ ID NO:20), consisting of the Waal CTS and the
catalytic domain of the human 0 1,4-galactosyltiansferase (M22921, amino acids
126-397) was constructed as described below. The hManll CTS region was
amplified by PCR from pETR1484 (CF33, GAB252). The catalytic domain of GaIT
(amino acids 126-397) was amplified using CF31 and CF35 from pBlueGalT. The
hManII CTS was combined with the catalytic domain of Oar to obtain a fusion
protein conholled by the MPS); promoter (pCLF24). The  -122- whole GaIT gene
was obtained from p3lueGalT. The gene coding for GaIT was sequenced (SEQ ID
NO:16): MRLREPLLSGSAAMPCiASLQRACRLLVAVCALHLGVTLVYYLAGRLLSR
LPQLVGVS1PLOGGSNSAAAIGQSSGELICIGGARPPPPLGASSQERP6CiDS SP
VVDSGPGPASNLIWPVPHTTALSLPACPEESPLLVGPMLEEINMPVDL
ELVAKQNPNVICMGGICYAPRDCVSPHKVADIPFRNRQPI-ILKYWLYYLIIP
VLORQQLDYGIYVINQAGDTIFNIRA.KLINVGFQEALICDYDYTCFVFSDV DLIPMNDHNAYRCFS
QPRIBSVAMDKEGFSLP YV QYFGGYSALSKQQFLT
YGFPNNYWGWGGEDDDITNELVERGMSISRPNAVVGRCRMIRHSRDICK:
NEPNI'QRFDRIAHTKETMLSDGLNSLTYQVLDVQRYPLYTQITVDIGTPS [0328]The 5' of GaIT was
amplified with CF32iCF38 and a Rd restriction site was added in front of the
gene_ The sequence was found correct by sequencing and exchanged in pCLF24 by
Fsel/Dralll digestion (pCLF26). The OriP was added to pCLF24 and pCLF26 to
generate respectively pCLF25 and pCLF27 (Figures 33A and 33B). Expression of
a-Mannosidase and Matal-GaIT in ITEK 293-EBNA cells [0329]FMK 293-EBNA cells
were transfected with the calcium phosphate method. Briefly, for the
transfection of a 1150, 15 million cells were seeded 24 hours before
transfection in 28 ml DMEM, 10% FCS, 250 ilgind neomycin and incubated at 37C,
5% CO2 overnight. [0330]For each 1150 flask to be transfected, a solution of
DNA, CaC12 and water was prepared by mixing 94 iigtotal plasmid vector DNA,
469 id of a 1M CaCl2 solution, and adding water to a final volume of 938iil.
To this solution, 938 pl of a 50mM HEPES, 280 mM NaC I, 1.5 mM Na2HPa4solution
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% FC,S, and added to the T150 in place of the existing
medium. The cells were 



-123- incubated at 37C, 5% CO2 for about 17 to 20 hours, and the medium was
replaced with 30 ml DM:Elvl, 10% FCS. [0331]For testing the a-Mannosidase IT
effect on core-fucosyltransferase competition, the cells were transferred with
pETR1842, pETR1843 and pCLF9 at a ratio of 2:2:1 respectively. For the fusion
protein Marill-GalT, the cells were transfected with pETR1842, pEIR1843 and
pCLE25 at a ratio of 2:2:1 respectively. At day 5 post-transfecti on,
supernatant was harvested, centrifuged for 5 min at 1200 rpm, followed hy a
second centrifugation for 10 min at 4000 rpm, filtered and kept at 4C.
Purification of and-0O20 monoclonal antibody [0332]The monoclonal antibody was
purified from 30 ml of supernatant by two step chromatography, involving rust
a Protein A chromatogir hy, to separate th,.. monoclonal annbody from the cow
antibody present in the serum, followed by a cation exchange chromatography,
to buffer exchange the sample to PBS. Oligosaccharide analysis PNGaseF
digestion 103331The monoclonal antibody sample (50 kg) was incubated with N-
Glycosidase F (recombinant, Roche, Switzerland) at 0.1 nuUtul. The digestion
was performed in 2mM Tr* pH7.0 buffer for 3 hours at 37C. The released neunal
oligosaccharides were then incubated at 150mM acetic acid for 3 hours at room
temperature. The samples were then desalted with 0.6 nal cation exchange resin
(AG50177-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-acetylghicosamine residues of the chitobiose core of N-linked
-124- oligosaccharides, prior to acetic acid treatment. The enzyme will cleave
oligomannose and most hybrid type glycans, whereas complex type
oligosaccharides are not hydrolyzed. [0335]The oligosaccharides were digested
with 02 nall/plEndoglycosydase H in 2mM Tris, pH 7.0. The digestion is
performed at 37C for 3 hours. The oligosaccharides were incubated 3 h at room
temperature at 150 mM acetic acid, and subsequently desalted with 0.6 nil
cation exchange resin (A650 W-X8 resin, hydrogen for ru, 100-200 mesh, BioR
ad, Switzerland) packed into a micro biospin chromatography column (BioRad,
Switzerland). Matrix and sample preparation  [03361The 2,5-dihydroxybenzoic
acid matrix (sDEB) was prepared by dissolving 2 mg of 2,5-dihydroxyben7oic
acid + 0.1 rug of 5-mettioxysalicylic acid in 1 ml of ethanol/10 mM aqueous
sodium chloride 1:1 (v/v). 1 lid of sample was applied to a stainless steel
target, and 1 gil of sDHB matrix was mixed. The samples were air-dried and 0.2
pl ethanol was applied. MAIDUTOF analysis  [0337]The MALDI-TOF mass
spectrometer used to acquire the mass spectra was a Voyager Elite (Perspective
Biosysterns) equipped with delayed extraction. The instrument was operated in
the reflector mode. Positive ions were accelerated to 20 kV after 75 ns delay.
Five spectra of 40 shots (200 shots) were combined to obtain the final
spectrum. External calibration using oligosaccharide standards was used for
mass assignment of the ions. OliRosaccharide profile [03381The oligosaccharide
profile of the anti-CD20 antibody produced in the presence of ManIIis shown in
Figure 34. The oligosaccharides found associated to the Fe portion of the
antibody are complex structures, 48% of which lack the core f-ucosc. The
a-Mannosidase 11 competes with the core-Fucosylta-ansferase, generating 48% of
non-fucosylated oligosaccharide structures. bathe absence of 



-125- a-Matmosidase II, the oligosacclaarides of the Fe portion of the
antibody are composed only of fueosylated structures (wild type antibody).
[03391The oligosaccharide profile of an anti-CD20 antibody produced in the
presence of the fusion protein ManII-CralT is shown in Figure 35A-B. As for
a.- Mannosidase II, also in the case of the fusion protein ManTI-Gall, the
amount of non-fucosylated oligosaccharide structures increases. A high
percentage of nonfucosylated structures consist in high mannose structures
(na/z 1256, 1419 and 1581). To this 67% of non fucosylated sugars, an
additicnal 30% of hybrid, nonfacosylated structures were found (ink 1622).
Therefore, the sample produced in the presence of the fusion protein
Manll-GalT shows almost 100% of nonfucosylated structures. Biological
activity of antibodies produced in the presence of tt-Mannsosidase II or
fusion protein Mann-CalT [03401In order to determine the effect of the action
of a-Mannosidase II and ManII-GaIT enzyme in the competition of the
core-f-ucosyltransferase, relevant biological assays were performed. The
samples were tested for in vitro antibody-dependent cellular cytotoxicity
(ADCC) and for binding to the CD16 receptor expressed on the surface of an
engineered CHO cell line (CHO-1708-37). kg- binding  on CH0-1708-37 103411The
cell line CHO-1708-37 expressed on its surface the FcyRICIA receptor (C3D16)
and the y chain of the FcyRI receptor. The expression of the FeyRIILA
receptor (CD16) was assessed by FACS analysis using the 308-FITC monoclonal
antibody (Figure 36). The CHO-1708-37 cells were incubated at 1 Mitoirol in
PBS, 0.1% BSA with different antibody variants, at different concentrations
(10, 3, 1, 0.3, 0.1 ug/m1) and in triplicates. The cells were incubated for
30 min at 4C and subsequently washed with PBS, 0.1% BSA. Antibody binding was
detected by incubating with 1:200 fluorescein  -126-
isothiocyanate-conjugated F(ab')2 goat anti-human IgG (Jackson
immunoReasearch, West Grove, PA) for 30 min at 4C. The fluorescence intensity
referring to the bound antibody variants was determined on a FACSCalibur (DI)
Bioscience, San Jose, CA) gating living cells. The following antibody
variants were included in the binding assay experiment: 



Cwt8 (wild type 1) Mann (a-Mannosidase II) [0342]The antibody produced in the
presence of a-Marmosidase II (Mann) binds to the FcyRIIIA receptor with
higher affinity than the wild type antibodies. in vitro Antibody-Dependent
Cellular CrotoxicitY (ADCC) [0343]Peripheral blood mononuclear cells (PBMC)
were prepared using Histopaque-1077 (Sigma Diagnostics Inc., St. Louis,
M063178 USA) and: following essentially the manufacturer's inst-uctions" In
brief, venuous blood was  taken with heparinized syringes from volonteras who
were asked to run for 1 min at full power in ordea to increase the percentage
of natural killer cells (NK) in the blood. The blood was diluted 1:0.75-1.3
withPBS not containing Ca or Mg and layered on Histopaque-1077. The gradient
was centrifuged at 400g for 30 min at room temperature (RI) without breaks.
The interphase containing the PBMC was collected and washed with PBS (50m1per
cells from two gradimts) and harvested by centrilgation 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, [03441The Raji target cells were washed in PBS, counted and
resuspended in DMEM, 10% FCS,1% Olutamax at I Mit). per ml. To these, 1:100
calcein was added and cells were incubated for 30 min at 37C Cells were then
washed in PBS, counted and resuspended in AIM-V at 0.3 Mio per mL Of this
cell  -127- suspension, 100 pl were added per well of a round bottom 96 well
plate. Antibodies were diluted in AllM-V, added in 50 ul to the preplated
target cells and allowed to bind to the targets for 10 min at RT. PBMC as
effector cells were prepared as described above. The effector to target ratio
was 25:1. The effector cells were prepared at 15 Min per ml in AIM-V medium
and 50 pl were added per well. The plate was incubated for 4 hours at 37C in
a hurnified atmosphere containing 5% 002. Cells were washed twice in PBS and
200 ill of borate solution were added. Killing of target cells was assessed
by measuringthe calcein released in the medium after lysis with the borate
solution (FIG 37). 103451 Soon:nations release was measured from wells
containing only target and effector cells but no antibodi%_ 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 Wax at a specific antibody
concentration, SR. is themean of Vmax of the spontaneous release and MR is
the mean of Vmax of the maximal release. 



EXAMPLE 7 Use of Glycoengineered Anti-E0142. Monoclonal Antibody to Treat
Psoriasis 103461HUMPLO 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 400rag/m1.
Maintenance cloaca of 250 mg/ m2 are administered on a weekly basis until
complete response is achieved.  -I 28- EXAMPLE 8 Use of Glycoengineered
Anti-ErbB2 Monoclonal Antibody in the Treatment of Metastatic Prostate
Cancer, Metastatc Breast Cancer, Metastatic Colorectal Cancer, and Stage Illb
or IV Non-Small Cell Lung Cancer. [0347]RhuMAb2C4 is a full-length, humanized
monoclonal antibody (produced in CHO cells) directed against ErbB2. RbuMab
2C4 blocks the associated of Eib132 with other ErbB familymembers thereby
inhibiting intracellular signaling through the ErbB pathway. RhuMAb 2C4 not
only inhibits the growth of ErbB2 overexpressing tumors but also blocks
growth of tumors that require ErbB lig,anddependent signaling. 103481A
glycoesgineered form of RhuMAb 2C4 made by the methods of the present
invention can be used as a single agent for treatment of hormone-refractory
(androgen independent) prostate cancer patients, metastatic breast cancer
patients, metastatic colorectal cancer patients and patients with stage Blb
or IV non-small cell lung cancer. Specifically, the glycoenginewed RhuM_Ab
2C4 is administered intravenously (IV) weekly or every three weeks at 2 or 4
mg/kg, respectively, until disease progression ceases. The antibody is
supplied as a multi-dose liquid formulation (20 mL 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 poseible in light of
the above teachings and, therefore, are within the scope of the appended
claims 10350] 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.  -129- 1 CLAIMS:
I.A mammalian host cell engineered to express at least one nucleic acid
encoding a fusion glycosyltransferase having
f3(1,4)-N-acetylglucosaininyltransferase III activity and the Golgi
localization domain of a Golgi resident glycosyltransferase other than the
Golgi resident glycosyltransferase that provides the activity of said fusion
glycosyltransferase, 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 Pc region of an immunoglobulin.       2. A mammalian host
cell engineered to express at least one nucleic acid encoding a fusion
glycosyltransferase having f3(1,4)-galactosyltransferase activity and the
Golgi localization domain of a Golgi resident glycosyltransferase selected
from the group consisting of: mannosidase I, mannosidase II,
f3(1,2)-N-acetylglucosaminyltransferase I,
13(1,2)-Nacetylglucosaminyltransferase II, and al-6 core fucosyltransferase,
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.       3. The host cell of claim 1 or claim 2, wherein said
polypepti de produced by said host cell is IgG or a fragment thereof.       4.
The host cell of claim 1 or claim 2, wherein said polypeptide produced by said
host cell is IgG1 or a fragment thereof.       5. The host cell of claim 1 or
claim 2, wherein said polypeptide produced by said 



host cell is a fusion protein that includes a region equivalent to the Fc
region of a human IgG.       6. The host cell of claim 1 or claim 2, wherein
said polypeptide produced by said host cell exhibits increased Fc receptor
binding affinity as a result of said modification.       7. The host cell of
claim 1 or claim 2, wherein said polypeptide produced by said host cell
exhibits increased effector function as a result of said modification.
8. A host cell according to claim 1, wherein said fusion glycosyltransferase
comprises the catalytic domain off3(1,4)-N-acetylglucosaminyltransferase
9. A host cell according to claim 8, wherein said Golgi localization domain is
from a heterologous Golgi resident polypeptide.       10. A host cell
according to claim 2, wherein said fusion glycosyltransferase comprises the
catalytic domain off3(1,4)-galactosyltransferase.       11. A host cell
according to claim 10, wherein said Golgi localization domain is from a
heterologous Golgi resident glycosyltransferase.  -130- ! 12.A host cell
according to claim 9, wherein said Golgi localization domain is the
localization domain of mannosidase II. 



- 13:A host cell according to claim 9, wherein said Golgi localization domain
is the localization domain of DO ,2)-N-acetylglucosaminyltransferase I.
14. A host cell according to claim 9, wherein said Golgi localization domain
is the localization domain of 13(1,2)-N-acetylglucosaminyltransferase II.
15. A host cell according to claim 9, wherein said Golgi localization domain
is the localization domain of mannosidase I.       16. A host cell according
to claim 9, wherein said Golgi localization domain is the localization domain
of al-6 core fucosyltransferase.       17. A host cell according to claim 7,
wherein said increased effector function is increased Fc-mediated cellular
cytotoxicity.       18. A host cell according to claim 7, wherein said
increased effector function is increased binding to NK cells.       19. A host
cell according to claim 7, wherein said increased effector function is
increased binding to macrophages.       20. A host cell according to claim 7,
wherein said increased effector function is increased binding to
polymolphonuclear cells.       21. A host cell according to claim 7, wherein
said increased effector function is increased binding to monocytes.       22.
A host cell according to claim 7, wherein said increased effector function is
increased direct signaling inducing apoptosis.       23. A host cell according
to claim 7, wherein said increased effector function is increased dendritic
cell maturation.       24. A host cell according to claim 7, wherein said
increased effector function is increased T cell priming.       25. A host cell
according to claim 6, wherein said Pc receptor is Fcy activating receptor.
26,A host cell according to claim 6, wherein said Fc receptor is FcyRIIIA
receptor. 



27.A host cell according to claim 1 or claim 2, wherein said host cell is a
CHO cell, a BHIC 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.  -131- :
28.The host cell of claim 1 or claim 2, wherein said polypeptide produced by
said host cell is an anti-CD20 antibody. 29.The host cell of claim 28, wherein
said anti-CD20 antibody is IDEC-C2138. 30.The host cell of claim 1 or claim 2,
wherein said polypeptide produced by said host cell is the chimeric anti-human
renal cell carcinoma monoclonal antibody ch0250. 31.The host cell of claim 1
or claim 2, further comprising at least one transfected nucleic acid encoding
an antibody molecule, an antibody fragment, or a fusion protein that includes
a region equivalent to the Pc region of an immunoglobulin. 32.The host cell of
claim 1 or claim 2, wherein said at least one nucleic acid encoding a fusion
glycosyltransferase is operably linked to a constitutive promoter element.
33.The host cell of claim 31, wherein said at least one transfected nucleic
acid encodes an anti-CD20 antibody, the chimeric anti-human neuroblastoma
monoclonal antibody chCE7, the chimeric anti-human renal cell carcinoma
monoclonal antibody ch0250, the chimeric anti-human colon, lung, and breast
carcinoma monoclonal antibody NO-1, the humanized antihuman 17-IA antigen
monoclonal antibody 3622W94, the humanized anti-human colorectal tumor
antibody A33, the anti-human melanoma antibody directed against 0D3
ganglioside R24, the chimeric anti-human squamous-cell carcinoma monoclonal
antibody SE-25, an anti-human EGER antibody, an anti-human EGERvIII antibody,
an anti-human PSMA antibody, an antihuman PSCA antibody, an anti-human CD22
antibody, an anti-human CD30 antibody, an antihuman CD33 antibody, an
anti-human CD38 antibody, an anti-human CD40 antibody, an antihuman CD45
antibody, an anti-human CD52 antibody, an anti-human CD138 antibody, an
antihuman 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 antihuman aberrantly glycosylated MUC1 antibody, an antibody
against human fibronectin variants containing the ED-B domain, or an
anti-human HER2/neu antibody. 



34.A method for producing a polypeptide in a mammalian host cell, comprising:
a. culturing a mammalian host cell engineered to express at least one nucleic
acid encoding a fusion glycosyltransferase having
13(1,4)-N-acetylglucosaminyltransferase III activity and the Golgi
localization domain of a Golgi resident glycosyltransferase other than the
Golgi resident glycosyltransferase that provides the activity of said fusion
glycosyltransferase, under conditions which permit the production of a
polypeptide selected from the group consisting of a whole antibody molecule,
an antibody fragment, and a fusion protein that includes a region equivalent
to the Pc region of an immunoglobulin, wherein said fusion glycosyltransferase
is expressed in an amount sufficient to modify the oligosaccharides in the Fc
region of said polypeptide produced by said host cell; and       b. isolating
said polypeptide. 35.A method for producing a polypeptide in a mammalian host
cell, comprising:  -13 2-       a. culturing a mammalian host cell engineered
to express at least one nucleic acid encoding a fusion glycosyltransferase
having p(1,4)-galactosyltransferase activity and the Golgi localizafion
_domain of a Golgi resident glYcosyltransferase selected fromthe group
consisting off mannosidase I, mannosidase
II,(1,2)-N-acety1glucosaminyltransferase I, 13(1,2)-N-
acetylglucosarninyltransferase II, and al-6 core fucosyltransferase, under
conditions which permit the production of a polypeptide selected from the
group consisting of a whole antibody molecule, an antibody fragment, and a
fusion protein that includes a region equivalent to the Pc region of an
immunoglobulin, wherein said fusion glycosyltransferase is expressed in an
amount sufficient to modify the oligosaccharides in the Fc region of said
polypeptide produced by said host cell; and       b. isolating said
polypeptide.       36. A method according to claim 34, wherein said fusion
glycosyltransferase comprises the catalytic domain of
0(l,4)-N-acetylglucosaminyltransferase III.       37. A method according to
claim 36, wherein said Golgi localization domain is from a heterologous Golgi
resident polypeptide.       38. A method according to claim 35, wherein said
fusion glycosyltransferase comprises the catalytic domain of 13(1
,4)-galactosyltransferase.       39. A method according to claim 38, wherein
said Golgi localization domain is from a heterologous Golgi resident
polypeptide.       40. A method according to claim 36, wherein said Golgi
localization domain is the localization domain of mannosidase II.       41. A
method according to claim 36, wherein said Golgi localization domain is the
localization domain of 0(1 ,2)-N-acetylglucosaminyltransferase I. 



42. A method according to claim 36, wherein said Golgi localization domain is
the localization domain of mannosidase I. 41A method according to claim 36,
wherein said Golgi localization domain is the localization domain of
p(1,2)-N-acetylglucosaminyltransferase       44. A method according to claim
36, wherein said Golgi localization domain is the localization domain of al-6
core fucosyltransferase.       45. A method according to claim 34 or claim
35, wherein said polypeptide has increased effector function as a result of
said modification.       46. A method according to claim 45, wherein said
increased effector function is increased Fc-mediated. cellular cytotoxicity.
47. A method according to claim 45, wherein said increased effector function
is increased binding to NK cells.  -133-        48. A method according to
claim 45, wherein said increased effector function is increased binding to
macrophages.        49. A method according to claim 45, wherein said
increased effector function is increased binding to monocytes.        50. A
method according to claim 45, wherein said increased effector function is
increased binding to polymorphonuclear cells.        51. A method according
to claim 45, wherein said increased effector function is direct signaling
inducing apoptosis.        52. A method according to claim 45, wherein said
increased effector function is increased dendritic cell maturation.
53. A method according to claim 45, wherein said increased effector function
is increased T cell priming. 



54. A method according to claim 34 or claim 35, wherein said polypeptide
produced by said host cell exhibits increased Fc receptor binding affinity as
a result of said modification.        55. A method according to claim 54,
wherein said Fc receptor is Fc activating receptor.        56. A method
according to claim 54, wherein said Fc receptor is Fc7RII1A receptor.
57. A method according to claim 34 or claim 35, wherein said polypeptide
produced by said host cell has an increased proportion of bisected
oligosaccharides in the Fc region of said polypeptide.        58. A method
according to claim 34 or claim 35, wherein said polypeptide produced by said
host cell has an increased proportion of nonfucosylated oligosaccharides in
the Fc region of said polypeptide.        59. A method according to claim 58,
wherein said nonfucosylated oligosaccharides are hybrid.        60. A method
according to claim 58, wherein said nonfucosylated ofigosaccharides arc
complex.        61. A method according to claim 34 or claim 35, wherein said
polypeptide produced by said host cell has an increased proportion of
bisected, nonfucosylated oligosaccharides in the Fc region of said
polypeptide.        62. A method according to claim 61, wherein said bisected,
nonfucosylated 



oligosaccharides are hybrid.  -134-       63. A method according to claim 61,
wherein said bisected, nonfucosylated oliosaccharides are complex.       64. A
method according to claim 61, wherein at least 20% of the oligosaccharides in
the Pc region of said polypeptide are bisected, nonfucosylated.       65. A
method according to claim 61, wherein at least 25% of the oligosaccharides in
the Pc region of said polypeptide are bisected, nonfucosylated.       66. A
method according to claim 61, wherein at least 30% of the oligosaccharides in
the Pc region of said polyp eptide are bisected, nonfucosylated.       67. A
method according to claim 61, wherein at least 35% of the oligosaccharides in
the Pc region of said polypeptide are bisected, nonfucosylated.  SEQUENCE
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Claudia Suter, Tobias <120> Fusion Constructs and Use of Same to Produce
Antibodies with Increased Pc Receptor Binding Affinity and Effector Function 



<130> 1975.018PC04 <150> US 60/441,307 <151> 2003-01-22 <150> US 60/491,254
<151> 2003-07-31 <150> US 60/495,142 <151> 2003-08-15 <160> 20 <170> PatentIn
version 3.2 <210> 1 <211> 11 <212> PRT .<213> Unknown <220> <223> c-myc
epitope tag 



<400> 1 Pro Glu Gln Lys lieu Ile Ser Glu Glu Asp Lea 1510 <210> 2 <211> 45
<212> DNA <213> Artificial Sequence <220> <223> GAB-177 PCR primer <400> 2
gcgtgtgcct gtgacccccg cgcccctgct ccagccactg tcccc45 <210> 3 <211> 26 <212>
DNA <213> Artificial Sequence 



<220> <223> GAB-178 PCR primer  -2- <210> 4 <211> 43 <212> DNA <213>
Artificial Sequence <220> <223> GAB-179 PCR primer <400> 4 ctgaggcgcg
ccgccaccat gctgaagaag cagtctgcag ggc43 <210> 5 <211> 48 <212> DNA 



<213> Artificial Sequence <220> <223> GAB-180 PCR primer <400> 5 ggggacagtg
gctggagcag gggcgcgggg gtcacaggca cacgcggc48 <210> 6 <211> 50 <212> DNA <213>
Artificial Sequence <220> <223> 'GAB-252 PCR primer 4400> 6 gctaggccgg
ccgccaccat gaagttaagc cgccagttca ccgtgttcgg50 4210> 7 4211> 65 



<212a DNA <213a Artificial Sequence <220a <223a GAB-253 PCR primer <400> 7
ggggacagtg gctggagcag gggtgagcca gcaccttggc tgaaattgct ttgtgaactt60 ttcgg65
<210> 8 <211> 66 <212> DNA <213> Artificial Sequence 4220> 4223> 013B-254 PCR
primer  -3- 



gtoccc66 <210> 9 <211> 29 <212> DNA <213> Artificial Sequence <220> <223>
GAB-255 PCR primer <400> 9 atgccgcata ggcctccgag caggacccc29 <210> 10 <211> 43
<212> DNA <213> Artificial Sequence <220> <223> GAB-261 PCR primer 



<400> 10 gctaaatatt gaattccctt tatgtgtaac tcttggctga agc43 <210> 11 <211> 48
<212> DNA <213> Artificial Sequence <220> <223> GAB-262 PCR primer <400> 11
tagcaatatt gaattcgcag gaaaaggaca agcagcgaaa attcacgc48 <210> 12 <211> 1715
<212> DNA <213> Artificial Sequence <220> 



<223> Nucleotide sequence of GnTI-GnTIII    tcgctctacc tgatgctgga ggctccttcc
ctcagggcca ttgctagctg agaataatga gagtctgtgg aggatggtcc cccctgctcc agccactgtc
gtgttgccgg aggacaccac  ccggggtcac ttagactacc ccaggaaccc gcgccgcgag gctctcaatg
ttgcaagaaa aaatagacca tttggagcgt gatcatctca aatattagag actcagtcat caatttgagt
gaaaagttca caaagcaatt tcagccaagg tgctggctca ccctagcaag gccaccgaag aactgcaccg
ggtggacttc agagtatttt gtgcgcacca aagctggogg tgtgtgcttc  -4- aaaccaggta
ccaggatgct ggagaaacct tctccagggc ggacagagga gaagaccaag480 gtggctgagg
ggtcctcggt ccggggtcct gctcggaggc ctatgcggca tgtgttgagt540 gcacgggagc
gcctgggagg ccggggcact aggcgcaagt gggttgagtg tgtgtgcctg600 ccaggctggc
acgggcccag ctgcggggtg cccactgtgg tccagtattc caacctgccc660 accaaggagc
gcctggtacc cagggaggtg ccgaggcggg ttatcaacgc catcaacatc720 aaccatgagt
tcgacctgct ggatgtgcgc ttccatgagc tgggcgatgt tgtggacgcc780 



tttgtggtct gcgaatccaa tttcaccgcc tacggggagc ctcggccgct caagttccga.840
gagatgctga ccaatggcac cttcgagtac atccgccaca aggtgctcta cgtcttcctg900
gaccacttcc cacctggtgg ccgtcaggac ggctggattg cagacgacta cctgcgtacc960
ttcctcaccc aggatggtgt ctcccgcctg cgcaacctgc gacctgatga cgtctttatc 1020
atcgacgacg cggacgagat ccctgcgcgt gatggtgtgc tgttcctcaa gctctacgat 1080
ggctggacag caaccaggca ggctggacgg atgagaaccg cgggctggca  agcccttcgc cacggaggtg
catccgcctg caccggccac ctgctcctgg  cttccatatg gtgtcaggct cgccgccgtc atcctagtgc
tgcttcacac  cgcaagtccc gcaccattga agtactacac agtggtctct ccgagggcat
tgtatggttt catgctgcag catgcccaac oggcagoccc ctacttcaaa 



cttttggaag 1140 gctgtgtatg 1200 tttcgacagt 1260 ctgcacttcg 1320 ctcgtgtcgg
1380    cccagaatgg tgacttcccc cgctggggtg tccgaagctt gattcgcact gggggatggt
cagaccccag tgaacacatg tatgctccta gctacttgct cgaaaatccc taccgggagc accagggctc
agacggaagg tcatctgctg cggaacagaa actgatctct gaagaggacc actacgagga caagagggac
ctcaattaca tcgacggcac gcagcaggag taccctcctg agtacctgct caagaactat gaccagttcc
ccaagagcac tgtagagggt gggcgccgga tcaggggcaa gttggataca acggagggcc tgtag  <210>
13 <211> 571 <212> PRT <213> Artificial Sequence <220> <223> Amino acid
sequence of GnTI-OnTIII <400> 13 Met Lys Len Ser Arg Gin Phe Thr Val Phe Gly
Ser Ala Ile Phe Cys 151015 Val Val Ile Phe Ser Len Tyr Lau Met Len Asp Arg Gly
His Len Asp 



202530  Tyr Pro Arg Asn Pro Arg Arg Glu Gly Ser Phe Pro Gin Gly Gin Leu 354045
Ser Met Leu Gin Glu Lys Ile Asp His Len Glu Arg Deu Leu Ala Glu 505560 Ann Ann
Glu Ile Ile Ser Asti Ile Arg Asp Ser Val Ile Asn Lea Ser 65707580 Glu Ser Val
Glu Asp Gly Pro Lys Bet Set Gin Ser Asn The Ser Gin 85 '9095 Gly Ala Gly Sex
Pro Leu Leu Gin Pro Leu Ser Pro Ser Lys Ala Thr 100105110 Gin Glu Leu His Arg
Val Asp She Val Leu Pro Glu Asp Thr Thr Glu 115120125 Tyr Phe Val Arg Thr Lys
Ala Gly Gly Val Cys Phe Lys Pro Gly Thr 



130135140 Arg Met Leu Glu Lys Pro Ser Pro Gly Arg Thr Glu Glu Lys Thr Lys
145150155160 Val Ala Glu Gly Ser Ser Val Arg Oly Pro Ala Arg Arg Pro Met Arg
165170175 His Val Leu Ser Ala Arg Gin Arg Lea Gly Gly Arg Gly Thr Arg Arg
180185190 Lys Trp Val Glu Cys Val Cys Leu Pro Gly Trp His Gly Pro Bar Cys
195200205 Gly Val Pro Thr Val Val Gin Tyr Ser Ann Lieu Pro Thr Lys Glu Arg
210215220 Leu Val Pro Arg Glu Val Pro Arg Arg Val Ile Asn Ala Ile Ann Ile
225230235240 Ann His Glu Phe Asp Leu Lieu Asp Val Arg Phe His Glu Lau Gly Asp
245250255 



Val Val Asp Ala Phe Val Val Cys Glu Sc Asn Phe Thr Ala Tyr 'fly 260265270 Glu
Pro Arg Pro Leu Lys Phe Arg MU Met Leu Thy Mn Gly Thr Phe 275280285  -6- Gilt
Tyr Ile Arg His Lys Val Leu Tyr Val Phe Leu Asp His Phe Pro 290295300 Pro Gly
Gly Arg Gin Asp Gly Trp Ile Ala Asp Asp Tyr Leu Arg Thr 305310315320 Phe Leu
Thr Gin Asp Gly Val Ser Arg Leu Arg Asn lieu Arg Pro Asp 325330335 Asp Val Phe
Ile Ile Asp Asp Ala Asp Glu Ile Pro Ala Arg Asp Gly 340345350 Val Leu Phe Leu
Lys Leu Tyr Asp Gly Tip Thr Glu Pro Phe Ala Phe 



355360365 His Met Arg Lys Ser Leu Tyr Gly The The Tip Lys Gin Pro Gly Thr
370375380 Leu Glu Val Val Ser Gly Cys Thr Ile Asp Met Leu Gin Ala Val Tyr
385390395400 Gly Leu Asp Gly Ile Axg Leu Arg Arg Arg Gin Tyr Tyr Thr Met Pro
405410415 Asn Phe Arg Gin Tyr Glu Asn Arg Thr Gly His Ile Leu Val Gin Tip
420425430 Ser Leu 'fly Ser Pro Leu His Phe Ala Gly Trp His Cys Ser Tip Cys
435440445 Phe Thr Pro Glu Gly Ile Tyr Phe Lys Leu Val Ser Ala Gin Ann Gly
450455460 Asp Phe Pro Arg Trp Gly Asp Tyr Glu Asp Lys Arg Asp Leu Ann Tyr
465470475480 



Ile Arg Ser lieu Ile Arg Tin- Gly Gly Tip Phe Asp Gly Thr Gin Gin 485490495
Glu Tyr Pro Pro Ala Asp Pro Ser Glu His Met Tyr Ala Pro Lys Tyr SOO505510 Leu
Leu Lys Mn Tyr Asp Gin Phe Arg Tyr Leu Leu Glu Asn Pro Tyr 515520525  -7-
530535540 Asp Gly Arg Ser Set Ala Val Arg Gly Lys LeU Asp Thr Thr Glu Gly
545550555560 Pro Glu Gin Lys Leu Ile Ser Glu Glu Asp Leu 56557D <210, 14
<211, 1722 <212, DNA <213> Artificial Sequence 



<220> <223, Nucleotide sequence of Man11-enTIII <400, 14 atgctgaaga agcagtctgc
agggcttgtg ctgtggggcg ctatcctctt tgtggcctgg60 aatgccctgc tgctcctctt cttctggacg
cgcccagcac ctggcaggcc accctcagtc120 agcgctctcg atggcgaccc cgccagcctc
acccgggaag tgattcgcct ggcccaagac180 gccgaggtgg agctggagcg gcagcgtggg
ctgctgcagc agatcgggga tgccctgtcg240 agccagcggg ggagggtgcc caccgcggcc
cctcccgccc agccgcgtgt gcctgtgacc300 cccgcgcccc tgctccagcc actgtccect
agcaaggcca ccgaagaact gcaccgggtg360 gacttcgtgt tgccggagga caccacagag
tattttgtgc gcaccaaagc tggcggtgtg420 tgcttcaaac caggtaccag gatgctggag
aaaccttctc cagggcggac agaggagaag480 accaaggtgg ctgaggggtc ctcggtccgg
ggtcctgctc ggaggcctat gcggcatgtg540 ttgagtgcac gggagcgcct gggaggccgg
ggcactaggc gcaagtgggt tgagtgtgtg600 tgcctgccag gctggcacgg gcccagctgc
ggggtgccca ctgtggtcca gtattccaac660 Otgcccacca aggagcgcct ggtacccagg
gaggtgccga ggcgggttat caacgccatc720 



aacatcaacc atgagttcga cctgctggat gtgcgcttcc . atgagctggg cgatgttgtg780
gacgcctttg tggtctgcga atccaatttc accgcctacg gggagcctcg gccgctcaag840
ttccgagaga tgctgaccaa tggcaccttc gag tacatcc gccacaaggt gctctacgtc900
ttcctggacc acttcccacc tggtggccgt caggacggct ggattgcaga cgactacctg960
cgtaccttcc tcacccagga tggtgtctcc cgcctgcgca acctgcgacc tgatgacgtc 1020
tttatcatcg acgacgcgga cgagatccct gcgcgtgatg gtgtgctgtt cctcaagctc 1080
tacgatggct ggacagagcc cttcgccttc catatgcgca agtecctigta tggtttcttt 1140
tggaagcaac caggcacact ggaggtggtg tcaggctgca ccattgacat gctgcaggct 1200
gtgtatgggc tggacggcat ccgcctgcgc cgccgtcagt actacaccat gcccaacttt 1260
cgacagtatg cacttcgcgg gtgtcggccc aattacatcc cctcctgcag cagttccgct cgccggaacc
gagggcccgg  agaaccgcac gctggcaCtg agaatggtga gaagcttgat accccagtga act tgctcga
agggctcaga aacagaaact  cggccacatc ctcctggtgc cttcccccgc tcgcactggg acacatgtat
aaatccctac cggaaggtca gatctctgaa  ctagtgcagt ttcacacccg tggggtgact ggatggttcg
gctcctaagt cgggagccca tctgctgtca gaggacctgt  ggtctctcgg cagccocctg agggcatCta
Cttcaaactc acgaggacaa gagggacctc acggcacgca gcaggagtac acctgctcaa gaactatgac
agagcactgt agagggtggg ggggcaagtt ggatacaacg ag 



<210, 15 <211s 573 <212, PRT <213, Artificial Sequence <220> <223> Amino acid
sequence of ManII-GnTIII fusion <400> 15 Met Len Lys Lys Gln Ser Ala Gly Leu
Val Leu Trp Gly Ala Ile Len 151015 Phe Val Ala Tip Asa Ala Leu Leu lien Leu
Phe Phe Trp Thr Arg Pro 202530 Ala Pro Gly Arg Pro Pro Bar Val Ser Ala Leu
Asp Oly Asp Pro Ala 354045 Ser Leu Thr Arg Olu Val Ile Arg Leu Ala Gin Asp
Ala Glu Val Gin 505560 



Leu Glu ;mg Gin Arg Gly Leu Len Gln Gin Ile Gly Asp Ala Leu Ser 65707580 Ser
Gin Arg Gly Arg Val Pro Thr Ala Ala Pro Pro Ala Gin Pro Arg 859095  Val Pro
Val Thr Pro Ala Pro lieu Leu Gin Pro Leu Ser Pro Ser Lys 100105110 Ala Thr Gin
Glu Leu His Arg Val Asp Phe Val Leu Pro Glu Asp Thr 115120125 Thr Glu Tyr Pile
Val Arg Thr Lys Ala Gly Oly Val Cys Phe Lys Pro 130135140  -9- Gly Thr Arg Met
lieu Glu Lys Pro Set Pro Gly Arg Thr Glu Glu Lys 145150155160 



Thr Lys Val Ala 'flu (fly Ser Sex Val Arg Gly Pro Ala Arg Arg Pro 165170175
Met Arg His Val Leu Ser Ala Arg Glu Arg Leu Gly Gly Arg Gly Thr 180185190 Arg
Arg Lys Trp Val Glu Cys Val Cys Leu Pro Gly Trp His Gly Pro 195200205 Ser Cys
Gly Val Pro Thr Val Val Gln Tyr Ser Ann Leu Pro Thr Lys 210215220 Glu Arg
lieu Val Pro Arg Glu Val Pro Arg Arg Val Ile Asn Ala Ile 225230235240 Asn Ile
Asn His Glu the Asp Leu Leu Asp Val Arg Phe His Glu Leu 245250255 Gly Asp Val
Val Asp Ala Pile Val Val Cys Glu Set Mn rue Thr Ala 260265270 Tyr Gly (flu
Pro Arg Pro Leu Lys Phe Arg Glu Met Leu Thr Asn (fly 



275280285 Thr Phe Glu Tyr Ile Arg Hie Lys Yea lieu Tyr Val Phe Leu Asp His
290295300 Phe Pro Pro Gly Gly Arg Gin Asp Gly Trp Ile Ala Asp Asp Tyr Leu
305310315320 Arg Thr Pile Leu Thr Gln Asp Gly Val Bar Arg Leu Arg Asn Leu Arg
325330335 Pro Asp Asp Val Phe Ile Ile Asp Asp Ala Asp Glu Ile Pro Ala Arg
340345350 Asp Gly Val Leu Phe Leu Lys Lett Tyr Asp Gly Trp Thr flu Pro The
355360365 Ala Pile His met Arg Lys Ser Leu Tyr Gly Phe Phe Trp Lys Gln Pro
370375380  -10- 



Val Tyr Gly lieu Asp Gly Ile Arg Leu Arg Arg Arg Gin Tyr Tyr Thr 405410415 Met
Pro Asn Phe Arg Gin Tyr Glu Asn Ars Thr Gly His Ile Len Val 420425430 Gin Trp
Ser lieu Gly Ser Pro Lee His Phe Ala Gly Tip His Cys Ser 435440445 Trp Cys Phe
Thr Pro Glu Gly Ile Tyr Phe Lys lieu Val Ser Ala Gin 450455460 Mn Gly Asp Phe
Pro Ass Trp Gly Asp Tyr Glu Asp Lys Arg Asp Leu 465470475480 Asn Tyr Ile Arg
Ser beta Ile Arg Thr Gly Gly Trp the Asp Gly Thr 485490495 in Gin Glu Tyr Pro
Pro Ala Asp Pro Ser Glu His Met Tyr Ala Pro 500505510 Lys Tyr Leu lieu Lys Asn
Tyr Asp Gin Phe Arg Tyr Leu lieu Glu Asn 



515520525 Pro Tyr Arg Glu Pro Lys Ser Thr Val Gin Gly (fly Arg Arg Asn Gin
530535540 Gly Ser Asp Gly Arg Ser Ser Ala Val Arg Gly Lys Leu Asp Thr Thr
545550555560 Glu Gly Pro Glu Gin Lys Leu Ile Ser Glu Glu Asp Leu 565570 <210>
16 <211> 398 <212> PRT <213> Unknown <220> <223> GalT amino acid sequence from
OlueGalT <400> 16 Met Arg Leu Arg Gin Pro Leu Leu Ser Gly Ser Ala Ala Met Pro
Gly 151015  His Leu Gly Val Thr Leu Val Tyr Tyr Leu Ala Gly Arg Asp Leu Set 



354045 Arg lieu Pro Gln Leu Val Gly Val Ser Thr Pro lieu Gin Gly Gly Ser
SO5560 Asn Ser Ala Ala Ala Ile (fly Gin Set Ser Gly Glu Leu Arg Thr Gly
65707580 Gly Ala Arg Pro Pro Pro Pro Leu Gly Ala Ser Ser Gin Pro Arg Pro
859095 Gly Gly Asp Ser Ser Pro Val Val Asp Sec Gly Pro (fly Pro Ala Set
100105110 Asn Leu Thr Ser Val Pro Val Pro His Thr Thr Ala lieu Ser Lieu Pro
115120125 Ala Cys Pro Glu Glu Ser Pro Lieu lieu Val Gly Pro Met lieu Ile Glu
130135140 Phe Asn Met Pro Val Asp Leu Glu Leu Val Ala Lys Gin Asn Pro Ann
145150155160 Val Lys Met Gly Gly Arg Tyr Ala Pro Arg Asp Cys Val Ser Pro His 



165170175 Lys Val Ala Ile Ile Ile Pro Phe Arg Asn Arg Gin Glu His Leu Lys
180185190 Tyr Trp Leu Tyr Tyr Lau His Pro Val Leu Gin Arg Gin Gln Leu Asp
195200205 Tyr (fly Ile Tyr Val Ile Asn Gin Ala Gly Asp Thr Ile Phe Asn Arg
210215220 Ala Lys Leu Leu Asn Val Gly The Gin Glu Ala Leu Lys Asp Tyr Asp
225230235240 Tyr Thr Cys Pile Val Phe Ser Asp Val Asp Leu Ile Pro Net Asn Asp
245250255 His Asn Ala Tyr Avg Cys Pile Ser Gin Pro Arg His Ile Set Val Ala
260265270  -12- 



Val Ser Ala lieu Ser rays Gin Gin Phe Leu Thr Ile Asn Gly Phe Pro 290295300
Aar' Asn Tyr Tip Gly Trp Gly Gly flu Asp Asp Asp Ile Phe Asa Arg 305310315320
Len Val Phe Arg Gly Met Ser Ile Ser Arg Pro Asn Ala Val Val.Gly 325330335 Arg
Cys Arg Met Ile Arg His Ser Arg Asp Lys Lys Asn Gin Pro Asn 340345350 Pro Gin
Arg Phe Asp Arg Ile Ala His Thr Lys Glu Thr Met Leu Ser 35$360365 Asp Gly Leu
Asn Ser Leu Thr Tyr Gin Val Leu Asp Val Gin Arg Tyr 370375380 Pro lieu Tyr Thr
Gin Ile Thr Val Asp Ile Gly Thr Pro Ser 385 



390 395 <210> 17    <211> 3435    <212> 



DNA    <213> Homo sapiens   <400> 17     



tcgctctacc ggctccttcc ttgctagctg gagtctgtgg catcttctgc caaagtggaa
gacaatccag tgggacactg ttgaagactt ctaaagctga aagtggtggg ggtcagcttg
tttgccttaa  tgatgctgga ctcagggcca agaataatga aggatggtcc cctcacaatt
gtcacaattc atggtggagt aaccccttca tcaatgacta aagaagactc atattataga
aaattgtgac ttgatcaact  ccggggtcac gctctcaatg gatcatctca gaaaagttca
atccctctca agatgtgcag ttggaagcaa agtctttgtg ctttagagac acggaggaag
tattcagaag aggtggctgg aattgaagga  ttagactacc ttgcaagaaa aatattagag
caaagcaatt gttgacactg atgttggatg ggatttgaca gtgcctcatt aagactcagt
tttatttggt aaggatgctg gttatgcctg catcagtggc  ccaggaaccc aaatagacca
actcagtcat tcagccaagg cagactgtct tttacagtct ttacttatga cccataacga
atatttttaa ctgagatctc ttaaaagttt atgaagctac tggaaaataa  gcgccgcgag
tttggagcgt caatttgagt tgctggctca gtttgcttca aatttctttt atctaatgaa
cccaggttgg taacatggtc ttacctttca aatagaaaat tccacattat tataggagtg  -13- 



aaacctcggt ccggctgggc tattgatccc tttggacact caccaacaat ggcttatCtt900
ctaaaccgtg ctggactttc tcacatgctt atccagagag ttcattatgc agttaaaaaa960
cactttgcac tgcataaaac attggagttt ttttggagac agaattggga tctgggatct 1020
gtcacagata ttttatgcca catgatgccc ttctacagct atgacatccc tcacacttgt 1080
ggacctgatc ctaaaatatg ctgccagttt gattttaaac gtcttcctgg aggcagattt 1140
ggttgtccct ggggagtccc cccagaaaca atacatcctg gaaatgtcca aagcagggct 1200
cggatgOtac tagatcagta ccgaaagaag tcaaagcttt ttcgtaccaa agttctcctg 1260
gctccactag gagatgattt ccgctactgt gaatacacgg aatgggattt acagtttaag 1320
aattatcagc agctttttga ttatatgaat tctcagtcca agtttaaagt taagatacag 1380
tttggaactt tatcagattt ttttgatgcg ctggataaag cagatgaaac tcagagagac 1440
aagggccagt cgatgttccc tgttttaagt ggagattttt tcacttatgc cgatcgagat 1500
gatcattact ggagtggcta ttttacatcc agaccctttt acaaacgaat ggacagaatc 1560
atggaatctc atttaagggc tgctgaaatt ctttactatt tcgccctgag acaagctcac 1620
aaatacaaga taaataaatt tactcatca tcactttaCa cggcactgac agaagccaga 1680
aggaatttgg gactgtttca acatcatgat gctatcacag gaactgcaaa agactgggtg 1740
gttgtggatt atggtaccag actttttcat tcgttaatgg ttttggagaa gataattgga 1800
aattctgcat ttcttcttat tttgaaggac aaactcacat acgactctta ctctcctgat 1860
accttcctgg agatggattt gaaacaaaaa tcacaagatt ctctgccaca aaaaaatata 1920
ataaggctga gtgcggagcc aaggtacctt gtggtctata atcctttaga acaagaccga 1980
atctcgttgg tctcagtcta tgtgagttcc ccgacagtgc aagtgttctc tgcttcagga 2040
aaacctgtgg aagttcaagt cagcgcagtt tgggatacag caaatactat ttcagaaaca 2100
gcctatgaga tctcttttcg agcacatata ccgccattgg gactgaaagt gtataagatt 2160
ttggaatcag caagttcaaa ttcacattta gctgattatg tcttgtataa gaataaagta 2220
gaagatagcg gaattttcac cataaagaat atgataaata ctgaagaagg tataacacta 2280
gagaactcct ttgttttact tcggtttgat caaactggac ttatgaagca aatgatgact 2340
aaagaagatg gtaaacacca tgaagtaaat gtgcaatttt catggtatgg aaccacaatt 2490
aaaagagaca aaagtggtgc ctacctcttc ttacctgatg gtaatgccaa gccttatgtt 2460
tacacaacac cgccctttgt cagagtgaca catggaagga tttattcgga agtgacttgc 2520
ttttttgacc atgttactca tagagtccga ctataccaca tacagggaat agaaggacag 2560
tctgtggaag tttccaatat tgtggacatc cgaaaagtat ataaccgtga gattgcaatg 2640
aaaatttctt ctgatataaa aagccaaaat agattttata ctgacctaaa tgggtaccag 2700
attcaaccta acaatggcct ggggtttcga gatgataatc cgaatactac tatccttctc
gcaaataagt tctttgcctt gggcactcca agcaaaggca ttaaacaagt cccggcactc
atccagttga  gaatgacact atatcCagga gtttgaatag gtggccttga tagaaaaaag
tccttagcca tcttctcacc gtgacattca atgaggcagc cagggctgtt ttattgtcga
agaatataag ggtga  gagcaaattg tgccaaacat tggtcagatt gcaaggtatc aagtgctgtt
cataacttct tacccttgag tctggttaat cttgatcctc ttgttctact aagtctcaca
tgagatcaac  cctcttcaag cgtttgacac gaagttatca caggataaca aatacggaag
tctctcatga ctgcaaggtg ttgagaacaa cacagaaaag actcagggaa ccttcatcac
ttgagtccaa  caaatgtcta tcccatgacc tgctctctgc tcagtcttta tggatcgaag
actcatgcaa agattacagc taatctattt aagaaaagaa gtcggtcagt atcatccagt
cattccaatg aattctctcc attacagtca tacagtcaaa ggtgggcaat ggtttgattg
tcggttctct agatattggt acagaaactt tatccttgat gcattcacct tggaaatcag
cacattccga  <210> 18 



<211> 1144 <212> PRT <213> HoMo sapiens <400> 18 Met Lys Leu Ser Arg Can
Phe Thr Val Phe Gly Ser Ala Ile Phe Cys 151015 Val Val Ile Phe Ser Leu Tyr
lieu Met Lei Asp Arg Gly His Leu Asp 202530 Tyr Pro Arg Ann Pro Arg Mg G/u
Gly Set Phe Pro Gin Gly Gin Leu 354045 Ser Met Leu Gin Glu Lys Ile Asp His
Leu Glu Mg Lei Leu Ala Olu 505560 Asn Asn Gill Ile Ile Ser Asn Ile Arg Asp
Ser Val Ile Asn lieu Ser 65707580 Glu Ser Val Glu Asp Gly Pro Lys Ser Ser
Gin Ser Asn Phe Ser Can 



859095 Gly Ala Gly Ser His lieu Leu Pro Ser Gin Leu Ser Lei Bar Val Asp
100105320  -15- Thr Ala Asp Cys Leu Pbe Ala Ser Gin Ser Gly Ser His Asn Ser
Asp 115'120125 Val Gin Met Leu Asp Val Tyr Ser Let Ile Ser the Asp Asa Pro
Asp 130135140 Gly Gly Val Trp Lys Gin Gly he Asp Ile Thr Tyr Giu Ser Asti
Glu 145150155160 Tip Asp Thr Glu Pro Leu Gin Val he Val Val Pro His Ser His
Ann 165170175 Asp Pro Gly Trp Leu Lys Thr Phe Asn Asp Tyr Phe Arg Asp Lys
Thr 180185190 



Gin Tyr Ile Pile Ann Asn Met Val Leu Lys Leu Lys Glu Asp Ser Arg 195200205
Arg Lys Phe Ile Trp Ser Glu Ile Ser Tyr Leu Ser Lys Trp Trp Asp 210215220
Ile Ile Asp Ile Gln Lys Lys Asp Ala Val Lys Ser Leu Ile Glu Ann
225230235240 Gly Gin Lou Glu Ile Val Thr Gly Gly Trp Val Met Pro Asp Glu
Ala 245250255 Thr Pro His Tyr Phe Ala Leu Ile Asp Gin Leu Ile Glu Gly His
Gin 260265270 Tip Lou Glu Asia Asn Ile Gly Val Lys Pro Arg Ser Gly Tr') Ala
Ile 275280285 Asp Pro Phe Gly His Ser Pro Thr Met Ala Tyr Leu Leu Ann Arg
Ala 290295300 Gly Let Sc His Met Leu Ile Gin Arg Val His Tyr Ala Val Lys
Lys 



305310315320 His Phe Ala Leu His Lys Thr lieu Glu Phe Pbe Trp Arg Gin Asn
Trp 325330335  -16- Sex Tyr Asp Ile Pro His Thr Cys Gly Pro Asp Pro Lys tie
Cys Cys 355360365 Gin Phe Asp Phe Lys Arg Leu Pro Gly Gly Arg Phe Gly Cys
Pro Trp 370375380 Gly Val Pro Pro Glu Thr Ile His Pro Gly Asn Val Gin Ser
Arg Ala 385390395400 Arg Net Leu Leu Asp Gln Tyr Arg Lys Lys Ser Lys Leu
Phe Arg Thr 405410415 Lys Val Leu Leu Ala Pro Leu Gly Asp Asp Phe Arg Tyr
Cys Glu Tyr 420425430 



Thr Glu Trp Asp Leu Gln Phe Lys Asn Tyr Gin Gln Len Phe Asp Tyr 435440445
Met Asn Ser Gln Ser Lys Phe Lys Val Lys Ile Gin Phe Gly Thr Leu 450455460
Ser Asp Phe Phe Asp Ala Leu Asp Lys Ala Asp Glu Thr Gin Arg Asp
465470475480 Lys Gly Gin Ser Net Phe Pro Val Leu Ser Gly Asp Phe Phe Thr
Tyr 485490495 Ala Asp Arg Asp Asp His Tyr Trp Ser Gly Tyr Phe Thr Ser Arg
Pro 500505510 the Tyr Lys Arg Met Asp Arg tie Met Gin Ser His Lea Arg Ala
Ala 515520525 Glu tie Lea Tyr Tyr Phe Ala Leu Arg Gin Ala His Lys Tyr Lys
Ile 530535540 Asn Lys Phe Leu Ser Ser Ser Let Tyr Thr Ala Leu Thr Glu Ala
Arg 



545550555560 Mg Asn Leu Gly Leu Phe Gin His His Asp Ala Ile Thr Gly Thr Ala
565570575 Lys Asp Trp Val Val Val Asp Tyr Gly Thr Arg Leu Pile His Ser Leu
580585590  -17- Lys Asp Lys Lieu Thr Tyr Asp Ser Tyr Set Pro Asp Thr Phe
Leu Glu 610615620 Met Asp Lieu Lys Gin Lys Ser Gin Asp Ser Lieu Pro Gin Lys
Asn Ile 625630635640 Ile Arg Leu Ser Ala Glu Pro Arg Tyr Lieu Val Val Tyr
Asn Pro lieu 645650655 Gin Gin Asp Arg Ile Ser Leu Val Ser Val Tyr Val Ser
Ser Pro Thr 660665670 



Val Gln Val Phe Ser Ala Ser Gly Lys Pro Val Glu Val Gin Val Ser 675680685
Ala Val Trp Asp Thr Ala Asn Thr Ile Ser Glu Thr Ala Tyr Glu Ile 690695700
Ser Phe Arg Ala His Ile Pro Pro Leu Gly Leu Lys Val Tyr Lys Ile
705710715720 Len Glu Set Ala Ser Ser ABM Ser His Leu Ala Asp Tyr Val Lieu
Tyr 725730735 Lys Asn Lys Val Glu Asp Ser Gly Ile Phe Thr Ile Lys Asn Met
Ile 740745750 Asn Thr Glu Glu Gly Ile Thr Leu Glu Asn Ser Phe Val Lieu lieu
Arg 755760765 Phe Asp Gin Thr Gly Leu Met Lys Gin Met Met Thr Lys Olu Asp
Gly 770775780 Lys His His Glu Val Asn Val Gin Phe Sex Trp Tyr Gly Thr Thr
Ile 



785790795BOO Lys Arg Asp Lys Ser (fly Ala Tyr Leu Pile Leu Pro Asp Gly Asn
Ala 805810815 Lys Pro Tyr Val Tyr Thr Thr Pro Pro Phe Val Arg Val Thr His
Gly 820825830  -18- Val Arg Leu Tyr His Ile Gin Gfy Ile Gin Gly Gin Ser Val
Glu Val 850855860 Ser Asti Ile Val Asp lie Arg Lys Val Tyr Asn Arg Glu Ile
Ala Met 865870875880 Lys Ile Ser Ser Asp Ile Lys Set Gin Asn Arg Phe Tyr
Thr Asp Leu 885890895 Asn Gly Tyr Gin Ile Gin Pro Arg Met Thr Leu Ser Lys
Leu Pro Leu 900905910 



Gin Ala Asn Val Tyr Pro Met Thr Thr Met Ala Tyr Ile Gin Asp Ala 915920925
Lye His Arg Leu Thr Leu Leu Ser Ala Gin Ser Leu Gly Val Ser Ser 930935940
Leu Asn Ser Gly Gin Ile Glu Val Ile Met Asp Arg Arg Leu Met Gin
945950955960 Asp Asp Asn Arg Gly Leu Glu Gin Gly Ile Gin Asp Asn Lys Ile
Thr 965970975 Ala Asn Leu Phe Arg Ile Leu Leu Glu Lys Arg Ser Ala Val Mn
Thr 980985990 Glu Glu Glu Lys Lys Ser Val Sex Tyr Pro Sex Ieu Lou Ser His
Ile 99510001005 Thr Ser Ser Leu Met Ann His Pro Val Ile Pro Met Ala Asn Lys
101010151020 Phe Phe Set Pro Thr Leu Glu Leu Gin Gly Gilt Phe Ser Pro Leu 



102510301035 Gin Ser Set lieu Pro Cys Asp Ile His Lou Val Asn Lou Arg Thr
104010451050 Ile Gin Ser Lys Val Gly Asn Gly His Ser ABU Glu Ala Ala Len
105510601065 Ile Lou His Arg Lys Gly Phe Asp Cys Arg ?ho Ser Set Lys Gly
107010751080 This Oly Leu Phe Cys Ser Thr liar Gin (fly Lys Ile Leu val Gin
108510901095  -19- Lys Leu Lett Asn Lys Phe Ile Val Glu Ser Lau Thr Pro Ser
Ser 110011051110 Leu Ser lieu Met His Set Pro Pro Gly Thr Gin Asn Ile Ser
Glu 111511202.125 



Ile Asn Len Set Pro Met Glu Ile Set Thr Phe Arg Ile Gin Lela 113011351140
Arg <210> 19 <211> 1116 <212> DNA <213> Artificial Sequence <220> <223>
Nucleotide sequence of ManII-GalT <400> 19 atgaagttaa gccgccagtt caccgtgttc
ggcagtgcga tcttctgtgt ggtgattttc60 tcgctctacc tgatgctgga ccggggtcac
ttagactacC ccaggaaccc gcgccgcgag120 ggctccttcc ctcagggcca gctctcaatg
ttgcaagaaa aaatagacca tttggagcgt180 ttgctagctg agaataatga gatcatctca
aatattagag actcagtcat caatttgagt240 gagtctgtgg aggatggtcc gaaaagttca
caaagcaatt tcagccaagg tgctggctca300 



cccgcctgcc ctgaggagtc cccgctgctt gtgggcccca tgctgattga gtttaacatg360
cctgtggacc tggagctcgt ggcaaagcag aacccaaatg tgaagatggg cggccgctat420
gcccccaggg actgcgtctc tcctcacaag gtggccatca tcattccatt ccgcaaccgg480
caggagcacc tcaagtactg gctatattat ttgcacccag tcctgcagcg ccagcagctg540
gactatggca tctatgttat caaccaggcg ggagacacta tattcaatcg tgctaagctc600
ctcaatgttg gctttcaaga agccttgaag gactatgact acacctgctt tgtgtttagt660
gacgtggacc tcattccaat gaatgaccat aatgcgtaca ggtgtttttc acagccacgg720
cacatttccg ttgcaatgga taagtttgga ttcagcctac cttatgttca gtattttgga780
ggtgtctctg ctctaagtaa acaacagttt ctaaccatca atggatttcc taataattat840
tggggctggg gaggagaaga tgatgacatt tttaacagat tagtttttag aggcatgtct900
atatctcgcc caaatgctgt ggtcgggagg tgtcgcatga tccgccactc aagagacaaa960
aaaaatgaac ccaatcctca gaggtttgac cgaattgcac acacaaagga gacaatgctc 1020
tctgatggtt tgaactcact cacctaccag gtgctggatg tacagagata cccattgtat 1080
-20- 



acccaaatca cagtggacat egggacaccg agctag1116 <210> 20 <211> 371 <212> PRT
<213> Artificial Sequence <220> <223> Amino acid sequence of ManII-GalT
<400> 20 Met bys Leu Sex Arg Gin Phe Thr Val Phe Gly Ser Ala Ile Phe Cys
151015 Val Val Ile Phe Ser Lou Tyr lieu Met Leu Asp Arg Gly His Leu Asp
202530 Tyr Pro Ars Asn Pro Arg Arg Glu Gly Ser Phe Pro Gin Gly Gin Leu
354045 Ser Met Leu Gin Glu Lys Ile Asp His Leu Glu Axg Leu Leu Ala Glu
505560 Asn Asn Glu Ile Ile Ser Asn Ile Arg Asp Ser Val Ile Asn Leu Ser
65707580 



Glu Ser Val Glu Asp Gly Pro Lys Ser Ser Gin Ser Asn Phe Ser Gin 859095 Gly
Ala Gly Ser Pro Ala Cys Pro Glu Glu Ser Pro Leu Leu Val Gly 100105110 Pro
Met Leu Ile Glu Phe Mn Met Pro Val Asp Leu Glu Leu Val Ala 115120125 Lys
Gin An Pro Asn Val Lys Met Gly Gly Arg Tyr Ala Pro Arg Asp 130135140 eys
Val Set Pro His Lys Val Ala Ile Ile Ile Pro Phe Arg Asn Arg 145150155160
Gin Glu His Leu Lys Tyr Trp lieu Tyr Tyr Leu as Pro Val Leu Gin 165170175
Arg Gin Gin Leu Asp Tyr Gly Ile Tyr Val Ile Asn Gin Ala Gly Asp 180185190
Thr Ile Phe Asn !Fag Ala Lys Leu Leu Asn Val Gly Phe Gin Glu Ala 



-21-, 195 200205 Len Lys Asp Tyr Asp Tyr Thr Cys Phe Val Phe Ser Asp Val
Amp Leu 210215 220 Ile Pro Met Asn Asp His Asia Ala Tyr Mg Cys The Ser Gin
Pro Arg 225230235240 His Ile Ser Val Ala Met Asp Lys Phe Gly Phe Ser Leu
Pro Tyr Val 245250255 Gin Tyr Phe Gly Gly Val Ser Ala Leu Ser Lys Gin Gin
Phe Leu Thr 260265270 Ile Asn Gly Phe Pro Mn Mn Tyr Trp Gly Trp Gly Gly Glu
Asp Amp 275280285 Asp Ile Phe Asn Arg Leu Val Phe Arg Gly Met Set Ile Ser
Arg pro 290295300 



Asn Ala Val Val Gly Arg Cys Arg Met Ile Arg His Bet Axg Asp Lys
305310315320 Lys Asia Glu Pro Ann Pro Gin Arg Phe Asp Arg Ile Ala His Thr
Lys 325330335 Gin Thr Met Leu Ser Asp Gly Leu Asn Ser Leu Thr Tyr Gin Val
Len 340345350 Asp Val Gin Axg Tyr Pro Leu Tyr Thr Gin Ile Thr Val Asp Ile
Gly 355360365 Thr Pro Ser 370 






















