
(19) 

US 20030175884A1 

(12) Patent Application Publication (10) Pub. N0.2 US 2003/0175884 A1 
United States 

Umana et al. (43) Pub. Date: Sep. 18, 2003 

(54) 

(76) 

(21) 

(22) 

ANTIBODY GLYCOSYLATION VARIANTS 
HAVING INCREASED 
ANTIBODY-DEPENDENT CELLULAR 
CYTOTOXICITY 

Inventors: Pablo Umana; Zurich (CH); Joel 
Jean-Mairet; Zurich (CH); James E. 
Bailey, Zurich (CH) 

Correspondence Address: 
STERNE, KESSLER, GOLDSTEIN & FOX 
PLLC 
1100 NEW YORK AVENUE, N.W. 
WASHINGTON, DC 20005 (US) 

Appl. No.: 10/211,554 

Filed: Aug. 5, 2002 

Related US. Application Data 

(60) Provisional application No. 60/309,516, ?led on Aug. 
3, 2001. 

Publication Classi?cation 

(51) Int. c1.7 ........................ .. C12P 21/02; C07H 21/04; 
C12N 9/10; C12N 5/06 

(52) US. Cl. ...................... .. 435/69.1; 435/193; 435/326; 
435/1885; 435/3201; 536/232 

(57) ABSTRACT 
The present invention relates to the ?eld of glycosylation 
engineering of proteins. More particularly, the present 
invention relates to glycosylation engineering to generate 
proteins With improved therapeutic properties; including 
antibodies With increased antibody-dependent cellular cyto 
toxicity. 
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ANTIBODY GLYCOSYLATION VARIANTS 
HAVING INCREASED ANTIBODY-DEPENDENT 

CELLULAR CYTOTOXICITY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the ?eld of glyco 
sylation engineering of proteins. More particularly, the 
present invention relates to glycosylation engineering to 
generate proteins With improved therapeutic properties, 
including antibodies With increased antibody-dependent cel 
lular cytotoxicity. 

[0003] 2. Background Art 

[0004] Glycoproteins mediate many essential functions in 
human beings, other eukaryotic organisms, and some 
prokaryotes, including catalysis, signaling, cell-cell commu 
nication, and molecular recognition and association. They 
make up the maj ority of non-cytosolic proteins in eukaryotic 
organisms. (Lis et al., Eur. J. Biochem. 21811-27 (1993)). 
Many glycoproteins have 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 (EPO), therapeutic mono 
clonal antibodies (therapeutic mAbs), tissue plasminogen 
activator (tPA), interferon-[3, (IFN-B), granulocyte-mac 
rophage colony stimulating factor (GM-CSF), and human 
chorionic gonadotrophin (hCG). (Cumming et al., Glycobi 
ology 11115-130 (1991)). 

[0005] The oligosaccharide component can signi?cantly 
affect properties relevant to the efficacy of a therapeutic 
glycoprotein, including physical stability, resistance to pro 
tease attack, interactions With the immune system, pharma 
cokinetics, and speci?c biological activity. Such properties 
may depend not only on the presence or absence, but also on 
the speci?c structures, of oligosaccharides. Some generali 
Zations betWeen oligosaccharide structure and glycoprotein 
function can be made. For example, certain oligosaccharide 
structures mediate rapid clearance of the glycoprotein from 
the bloodstream through interactions With speci?c carbohy 
drate binding proteins, While others can be bound by anti 
bodies and trigger undesired immune reactions. (Jenkins et 
al., Nature Biotechnol. 141975-81 (1996)). 

[0006] Mammalian cells are the preferred hosts for pro 
duction of therapeutic glycoproteins, due to their capability 
to glycosylate proteins in the most compatible form for 
human application. (Cumming et al., Glycobiology 11115-30 
(1991); Jenkins et al.,Nature Biotechnol. 141975-81 (1996)). 
Bacteria very rarely glycosylate proteins, and like other 
types of common hosts, such as yeasts, ?lamentous fungi, 
insect and plant cells, yield glycosylation patterns associated 
With rapid clearance from the bloodstream, undesirable 
immune interactions, and in some speci?c cases, reduced 
biological activity. Among mammalian cells, Chinese ham 
ster ovary (CHO) cells have been most commonly used 
during the last tWo decades. In addition to giving suitable 
glycosylation patterns, these cells alloW consistent genera 
tion of genetically stable, highly productive clonal cell lines. 
They can be cultured to high densities in simple bioreactors 
using serum-free media, and permit the development of safe 
and reproducible bioprocesses. Other commonly used ani 
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mal cells include baby hamster kidney (BHK) cells, NS0 
and SP2/0-mouse myeloma cells. More recently, production 
from transgenic animals has also been tested. (Jenkins et al., 
Nature Biotechnol. 141975-81 (1996)). 

[0007] All antibodies contain carbohydrate structures at 
conserved positions in the heavy chain constant regions, 
With each isotype possessing a distinct array of N-linked 
carbohydrate structures, Which variably affect protein 
assembly, secretion or functional activity. (Wright, A., and 
Morrison, S. L., Trends Biotech. 15:26-32 (1997)). The 
structure of the attached N-linked carbohydrate varies con 
siderably, depending on the degree of processing, and can 
include high-mannose, multiply-branched as Well as bian 
tennary complex oligosaccharides. (Wright, A., and Morri 
son, S. L., Trends Biotech. 15126-32 (1997)). Typically, there 
is heterogeneous processing of the core oligosaccharide 
structures attached at a particular glycosylation site such that 
even monoclonal antibodies exist as 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. (Lifely, M. R. et al., Glycobi 
ology 5(8)1813-22 (1995)). 
[0008] Unconjugated monoclonal antibodies (mAbs) can 
be useful medicines for the treatment of cancer, as demon 
strated by the US. Food and Drug Administration’s 
approval of Rituximab (RituxanTM; IDEC Pharmaceuticals, 
San Diego, Calif., and Genentech Inc., San Francisco, 
Calif.), for the treatment of CD20 positive B-cell, loW-grade 
or follicular Non-Hodgkin’s lymphoma, and TrastuZumab 
(HerceptinTM; Genentech Inc,) for the treatment of advanced 
breast cancer (Grillo-LopeZ, A. -J., et al., Semin. Oncol. 
26166-73 (1999); Goldenberg, M. M., Clin. Ther 211309-18 
(1999)). The success of these products relies not only on 
their ef?cacy but also on their outstanding safety pro?les 
(Grillo-LopeZ, A. -J., et al., Semin. Oncol. 26:66-73 (1999); 
Goldenberg, M. M., Clin. Ther. 211309-18 (1999)). In spite 
of the achievements of these tWo drugs, there is currently a 
large interest in obtaining higher speci?c antibody activity 
than What is typically afforded by unconjugated mAb 
therapy. 

[0009] One Way to obtain large increases in potency, While 
maintaining a simple production process and potentially 
avoiding signi?cant, undesirable side effects, is to enhance 
the natural, cell-mediated effector functions of mabs by 
engineering their oligosaccharide component (Uma?a, P. et 
al., Nature Biotechnol. 171176-180 (1999)). IgGl type anti 
bodies, the most commonly used antibodies in cancer immu 
notherapy, are glycoproteins that have a conserved N-linked 
glycosylation site at Asn297 in each CH2 domain. The tWo 
complex bi-antennary oligosaccharides attached to Asn297 
are buried betWeen the CH2 domains, forming extensive 
contacts With the polypeptide backbone, and their presence 
is essential for the antibody to mediate effector functions 
such as antibody dependent cellular cytotoxicity (ADCC) 
(Lifely, M. R., et al., Glycobiology 51813-822 (1995); Jeff 
eris, R., et al., Immunol Rev. 163159-76 (1998); Wright, A. 
and Morrison, S. L., Trends Biotechnol. 15:26-32 (1997)). 

[0010] The present inventors shoWed previously that over 
expression in Chinese hamster ovary (CHO) cells of [3(1, 
4)-N-acetylglucosaminyltransferase III (GnTIII), a glyco 
syltransferase catalyZing the formation of bisected oligosac 
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charides, signi?cantly increases the in vitro ADCC activity 
of an anti-neuroblastoma chimeric monoclonal antibody 
(chCE7) produced by the engineered CHO cells. (See 
Umana, P. et al., Nature Biotechnol. 17:176-180 (1999), 
International Publication No. WO 99/54342, the entire con 
tents of each of Which are hereby incorporated by reference 
in their entirety). The antibody chCE7 belongs to a large 
class of unconjugated mAbs Which have high tumor affinity 
and speci?city, but have too little potency to be clinically 
useful When produced in standard industrial cell lines lack 
ing the GnTIII enZyme (Umana, P., et al., Nature Biotechnol. 
17:176-180 (1999)). That study Was the ?rst to shoW that 
large increases of maximal in vitro ADCC activity could be 
obtained by increasing the proportion of constant region 
(Fc)-associated, bisected oligosaccharides above the levels 
found in naturally occurring antibodies. To determine if this 
fading could be extrapolated to an unconjugated mAb, 
Which already has signi?cant ADCC activity in the absence 
of bisected oligosaccharides, the present inventors have 
applied this technology to Rituximab, the anti-CD20, IDEC 
C2B8 chimeric antibody. The present inventors have like 
Wise applied the technology to the unconjugated anti-cancer 
mAb chG250. 

BRIEF SUMMARY OF THE INVENTION 

[0011] The present inventors have noW generated neW 
glycosylation variants of the anti-CD20 monoclonal anti 
body (mAb) IDEC-C2B8 (Rituximab) and the anti-cancer 
mAb chG250 using genetically engineered mAb-producing 
cell lines that overexpress N-acetylglucosaminyltransferase 
III (GnTIII; EC 2.1.4.144) in a tetracycline regulated fash 
ion. GnTIII is required for the synthesis of bisected oli 
gosaccharides, Which are found at loW to intermediate levels 
in naturally-occurring human antibodies but are missing in 
mAbs produced in standard industrial cell lines. The neW 
glycosylated versions out performed MabtheraTM (the ver 
sion of Rixtuximab marketed in Europe) and mouse-my 
eloma derived chG250 in biological (ADCC) activity. For 
example, a ten-fold loWer amount of the variant carrying the 
highest levels of bisected oligosaccharides Was required to 
reach the maximal ADCC activity as MabtheraTM. For 
chG250, the variant carrying the highest levels of bisected 
oligosaccharides mediated signi?cant ADCC activity at a 
125-fold loWer concentration than that required to detect 
even loWADCC activity by the unmodi?ed control chG250. 
A clear correlation Was found betWeen the level of GnTIII 
expression and ADCC activity. 

[0012] Accordingly, in one aspect the claimed invention is 
directed to a host cell engineered to produce a polypeptide 
having increased Fc-mediated cellular cytotoxicity by 
expression of at least one nucleic acid encoding [3(1,4)-N 
acetylglucosaminyltransferase III (GnT III), Wherein the 
polypeptide produced by the host cell is selected from the 
group consisting of a Whole antibody molecule, an antibody 
fragment, and a fusion protein Which includes a region 
equivalent to the Fc region of an immunoglobulin, and 
Wherein the GnT III is expressed in an amount suf?cient to 
increase the proportion of said polypeptide carrying bisected 
hybrid oligosaccharides or galactosylated complex oligosac 
charides or mixtures thereof in the Fc region relative to 
polypeptides carrying bisected complex oligosaccharides in 
the Fc region. 

[0013] In a preferred embodiment, the polypeptide is IgG 
or a fragment thereof, most preferably, IgG1 or a fragment 
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thereof. In a further preferred embodiment, the polypeptide 
is a fusion protein that includes a region equivalent to the Fc 
region of a human IgG. 

[0014] In another aspect of the claimed invention, a 
nucleic acid molecule comprising at least one gene encoding 
GnTIII has been introduced into the host cell. In a preferred 
embodiment, at least one gene encoding GnTIII has been 
introduced into the host cell chromosome. 

[0015] Alternatively, the host cell has been engineered 
such that an endogenous GnT III gene is activated, for 
example, by insertion of a DNA element Which increases 
gene expression into the host chromosome. In a preferred 
embodiment, the endogenous GnTIII has been activated by 
insertion of a promoter, an enhancer, a transcription factor 
binding site, a transposon, or a retroviral element or com 
binations thereof into the host cell chromosome. In another 
aspect, the host cell has been selected to carry a mutation 
triggering expression of an endogenous GnTIII. Preferably, 
the host cell is the CH0 cell mutant lec 10. 

[0016] In a further preferred embodiment of the claimed 
invention, the at least one nucleic acid encoding a GnTIII is 
operably linked to a constitutive promoter element. 

[0017] In a further preferred embodiment, the host cell is 
a CHO cell, a BHK cell, a NSO cell, a SP2/0 cell, or a 
hybridoma cell, a YO myeloma cell, a P3X63 mouse 
myeloma cell, a PER cell or a PER.C6 cell and said 
polypeptide is an anti-CD20 antibody. In another preferred 
embodiment, the host cell is a SP2/0 cell and the polypeptide 
is the monoclonal antibody chG250. 

[0018] In another aspect, the claimed invention is directed 
to a host cell that further comprises at least one transfected 
nucleic acid encoding an antibody molecule, an antibody 
fragment, or a fusion protein that includes a region equiva 
lent to the Fc region of an immunoglobulin. In a preferred 
embodiment, the host cell comprises at least one transfected 
nucleic acid encoding an anti-CD20 antibody, the chimeric 
anti-human neuroblastoma monoclonal antibody chCE7, the 
chimeric anti-human renal cell carcinoma monoclonal anti 
body chG250, the chimeric anti-human colon, lung, and 
breast carcinoma monoclonal antibody ING-1, the human 
iZed anti-human 17-1A antigen monoclonal antibody 
3622W94, the humaniZed anti-human colorectal tumor anti 
body A33, the anti-human melanoma antibody directed 
against GD3 ganglioside R24, or the chimeric anti-human 
squamous-cell carcinoma monoclonal antibody SF-25, an 
anti-human EGFR antibody, an anti-human EGFRvIII anti 
body, an anti-human PSMA antibody, and anti-human PSCA 
antibody, an anti-human CD22 antibody, an anti-human 
CD30 antibody, an anti-human CD33 antibody, an anti 
human CD38 antibody, an anti-human CD40 antibody, an 
anti-human CD45 antibody, an anti-human CD52 antibody, 
an anti-human CD138 antibody, an anti-human HLA-DR 
variant antibody, an anti-human EpCAM antibody, an anti 
human CEA antibody, an anti-human MUC1 antibody, an 
anti-human MUC1 core protein antibody, an anti-human 
aberrantly glycosylated MUCI antibody, an antibody against 
human ?bronectin variants containing the ED-B domain, 
and an anti-human HER2/neu antibody. 

[0019] In another aspect, the claimed invention is directed 
to a method for producing a polypeptide in a host cell 
comprising culturing any of the above-described the host 
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cells under conditions Which permit the production of said 
polypeptide having increased Fc-mediated cellular cytotox 
icity. In a preferred embodiment, the method further com 
prises isolating said polypeptide having increased Fc-medi 
ated cellular cytotoxicity. 

[0020] In a further preferred embodiment, the host cell 
comprises at least one nucleic acid encoding a fusion protein 
comprising a region equivalent to a glycosylated Fc region 
of an immunoglobulin. 

[0021] In a preferred embodiment, the proportion of 
bisected oligosaccharides in the Fc region of said polypep 
tides is greater than 50%, more preferably, greater than 70%. 
In another embodiment, the proportion of bisected hybrid 
oligosaccharides or galactosylated complex oligosaccha 
rides or mixtures thereof in the Fc region is greater than the 
proportion of bisected complex oligosaccharides in the Fc 
region of said polypeptide. 

[0022] In a preferred aspect of the claimed method, the 
polypeptide is an anti-CD20 antibody and the anti-CD20 
antibodies produced by said host cell have a glycosylation 
pro?le, as analyZed by MALDI/TOF-MS, that is substan 
tially equivalent to that shoWn in FIG. 2E. 

[0023] In another preferred aspect of the claimed method, 
the polypeptide is the chG250 monoclonal antibody and the 
chG250 antibodies produced by said host cell have a gly 
cosylaton pro?le, as analyZed by MALDI/TOF-MS, that is 
substantially equivalent to that shoWn in FIG. 7D. 

[0024] In a further aspect, the claimed invention is 
directed to an antibody having increased antibody dependent 
cellular cytotoxicity (ADCC) produced by any of the meth 
ods described above. In preferred embodiments, the anti 
body is selected from the group consisting of an anti-CD20 
antibody, chCE7, ch-G250, a humaniZed anti-HER2 mono 
clonal antibody, ING-l, 3622W94, SF-25, A33, and R24. 
Alternatively, the polypeptide can be an antibody fragment 
that includes a region equivalent to the Fc region of an 
immunoglobulin, having increased Fc-mediated cellular 
cytotoxicity produced by any of the methods described 
above. 

[0025] In a further aspect, the claimed invention is 
directed to a fusion protein that includes a region equivalent 
to the Fe region of an immunoglobulin and having increased 
Fc-mediated cellular cytotoxicity produced by any of the 
methods described above. 

[0026] In a further aspect, the claimed invention is 
directed to a pharmaceutical composition comprising the 
antibody, antibody fragment, or fusion protein of the inven 
tion and a pharmaceutically acceptable carrier. 

[0027] In a further aspect, the claimed invention is 
directed to a method for the treatment of cancer comprising 
administering a therapeutically effective amount of said 
pharmaceutical composition to a patient in need thereof. 

[0028] In a further aspect, the invention is directed to an 
improved method for treating an autoimmune disease pro 
duced in Whole or in part by pathogenic autoantibodies 
based on B-cell depletion comprising administering a thera 
peutically effective amount of immunologically active anti 
body to a human subject in need thereof, the improvement 
comprising administering a therapeutically effective amount 
of an antibody having increased ADCC prepared as 
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described above. In a preferred embodiment, the antibody is 
an anti-CD20 antibody. Examples of autoimmune diseases 
or disorders include, but are not limited to, immune-medi 
ated thrombocytopenias, such as acute idiopathic thromb 
ocytopenic purpurea and chronic idiopathic thrombocy 
topenic purpurea, dermatomyositis, Sydenham’s chorea, 
lupus nephritis, rheumatic fever, polyglandular syndromes, 
Henoch-Schonlein purpura, post-streptococcal nephritis, 
erythema nodosum, Takayasu’s arteritis, Addison’s disease, 
erythema multiform, polyarteritis nodosa, ankylosing 
spondylitis, Goodpasture’s syndrome, thromboangitis ubit 
erans, primary biliary cirrhosis, Hashimoto’s thyroiditis, 
thyrotoxicosis, chronic active hepatitis, polymyositis/derm 
natomyositis, polychondritis, pamphigus vulgaris, Wegen 
er’s granulomatosis, membranous nephropathy, amyo 
trophic lateral sclerosis, tabes dorsalis, polymyaglia, 
pernicious anemia, rapidly progressive glomerulonephritis 
and ?brosing alveolitis, in?ammatory responses such as 
in?ammatory skin diseases including psoriasis and derma 
titis (e.g. atopic dermatitis); systemic scleroderma and scle 
rosis; responses associated With in?ammatory boWel disease 
(such as Crohn’s disease and ulcerative colitis); respiratory 
distress syndrome (including adult respiratory distress syn 
drome; ARDS); dermatitis; meningitis; encephalitis; uveitis; 
colitis; glomerulonephritis; allergic conditions such as 
ecZema and asthma and other conditions involving in?ltra 
tion of T cells and chronic in?ammatory responses; athero 
sclerosis; leukocyte adhesion de?ciency; rheumatoidarthri 
tis; systemic lupus erythematosus (SLE); diabetes mellitus 
(e.g. Type 1 diabetes mellitus or insulin dependent diabetes 
mellitus); multiple sclerosis; Reynaud’s syndrome; autoim 
mune thyroiditis; allergic encephalomyelitis; Sjorgen’s syn 
drome; juvenile onset diabetes; and immune responses asso 
ciated With acute and delayed hypersensitivity mediated by 
cytokines and T-lymphocytes typically found in tuberculo 
sis, sarcoidosis, polymyositis, granulomatosis and vasculi 
tis; pernicious amenia (Addison’s disease); diseases involv 
ing leukocyte diapedesis; central nervous system (CNS) 
in?ammatory disorder, multiple organ injury syndrome; 
hemolytic anemia (including, but not limited to cryoglobin 
emia or Coombs positive anemia); myastheniagravis; anti 
gen-antibody complex mediated diseases; anti-glomerular 
basement membrane disease; antiphospholipid syndrome; 
allergic neuritis; Graves’ disease; Lambert-Eaton myas 
thenic syndrome; pemphigoid bullous; pemphigus; autoim 
mune polyendocrinopathies; Reiter’s disease; stiff-man syn 
drome; Behcet disease; giant cell arteritis; immune complex 
nephritis; IgA nephropathy; IgM polyneuropathies; immune 
thrombocytopenic purpura (ITP) or autoimmune thromb 
ocytopenia etc. In this aspect of the invention, the antibodies 
of the invention are used to deplete the blood of normal 
B-cells for an extended period. 

BRIEF DESCRIPTION OF THE FIGURES 

[0029] FIG. 1. Indirect immuno?uorescence assay shoW 
ing the reactivity of the antibody preparation C2B8-25t to 
CD20 positive SB cells. Negative controls, including the 
HSB CD20 negative cell line and cells treated only With the 
secondary FITC-conjugated anti-human Fc polyclonal anti 
body are not shoWn. 

[0030] FIG. 2A-2E. MALDI/TOF-MS spectra of the oli 
gosaccharides derived from MabtheraTM (FIG. 2A), C2B8 
nt (FIG. 2B), C2B8-2000t (FIG. 2C), C2B8-50t (FIG. 2D), 
and C2B8-25t (FIG. 2E) antibody samples. Oligosaccha 
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rides appear as [M+Na+] and [M+K+] ions. Oligosaccharide 
appearing in the ?rst tWo spectra Were derived from cell 
cultures that do not express GnTIII, Whereas oligosaccha 
rides in C, D, and E Were derived from a single cell line 
expressing GnTIII at different levels (i.e. tetracycline con 
centrations). FIG. 3A and 3B. Illustration of a typical 
human IgG Fc-associated oligosaccharide structure (A) and 
partial N-linked glycosylation pathWay FIG. 3A) The 
core of the oligosaccharide is composed of three mannose 
(M) and tWo N-acetylglucosamine (Gn) monosaccharide 
residues attached to Asn297. Galactose (G), fucose (F), and 
bisecting N-acetylglucosamine (Gn, boxed) can be present 
or absent. Terminal N-acetylneuraminic acid may be also 
present but it is not included in the ?gure. (FIG. 3B) Partial 
N-linked glycosylation pathWay leading to the formation of 
the major oligosaccharide classes (dotted frames). Bisecting 
N-acetylglucosamine is denoted as Gnb. Subscript numbers 
indicate hoW many monosaccharide residues are present in 
each oligosaccharide. Each structure appears together With 
its sodium-associated [M+Na+] mass. The mass of those 
structures that contain fucose are also included. 

[0031] FIG. 4A and 4B. ADCC activities of Rituximab 
glycosylation variants. The percentage of cytotoxicity Was 
measured via lysis of 51Cr labeled CD20-positive SB cells 
by human lymphocytes (E:T ratio of 100:1) mediated by 
different mAb concentrations. (FIG. 4A) Activity of C2B8 
samples derived from a single cell line but produced at 
increasing GnTIII expression levels (i.e., decreasing tetra 
cycline concentrations). The samples are C2B8-2000t, 
C2B8-50t, C2B8-25t, and C2B8-nt (control mAb derived 
from a clone that does not express GnTIII (FIG. 4B) ADCC 
activity of C2B8-50t and C2B8-25t compared to 
MabtheraTM. 

[0032] FIG. 5. Western blot analysis of the seven GnTIII 
expressing clones and the Wild type. 30 pg of each sample 
Were loaded on a 8.75% SDS gel, transferred to a PVDF 
membrane and probed With the anti-c-myc monoclonal 
antibody (9E10). WT refers to Wt-chG250-SP2/0 cells. 

[0033] FIG. 6. SDS polyacrylamide gel electrophoresis of 
resolved puri?ed antibody samples. 

[0034] FIG. 7A-7D. MALDI/TOF-MS spectra of neutral 
oligosaccharide mixtures from chG250 mAb samples pro 
duced by clones expressing different GnTIII levels and 
Wt-chG250-SP2/0 cells: WT (FIG. 7A), 2E1 (FIG. 7B), 3D3 
(FIG. 7C), 4E6 (FIG. 7D). 
[0035] FIG. 8A-8D. MALDI/TOF-MS spectra of neutral 
oligosaccharide mixtures from chG250 mAb samples pro 
duced by clones expressing different GnTIII levels: 4E8, 
(FIG. 8A); 5G2, (FIG. 8B); 4G3, (FIG. 8C); 5H12, (FIG. 
8D). 
[0036] FIG. 9. In vitro ADCC assay of antibody samples 
derived from control Wt-chG250-SP2/-cells and GnTIII 
transected clones 3D3 and 5H12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] Terms are used herein as generally used in the art, 
unless otherWise de?ned as folloWs: 

[0038] As used herein, the term antibody is intended to 
include Whole antibody molecules, antibody fragments, or 
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fusion proteins that include a region equivalent to the Fc 
region of an immunoglobulin. 

[0039] As used herein, the term region equivalent to the Fc 
region of an immunoglobulin is intended to include naturally 
occurring allelic variants of the Fc region of an immuno 
globulin as Well as variants having alterations Which pro 
duce substitutions, additions, or deletions but Which do not 
decrease substantially the ability of the immunoglobulin to 
mediate antibody dependent cellular cytotoxicity. For 
example, one or more amino acids can be deleted from the 
N-terminus or C-terminus of the Fc region of an immuno 
globulin Without substantial loss of biological function. 
Such variants can be selected according to general rules 
knoWn in the art so as to have minimal effect on activity. 
(See, e.g., BoWie, J. U. et al., Science 247:1306-10 (1990). 

[0040] As used herein, the term glycoprotein-modifying 
glycosyl transferase refers to [3(1,4)-N-acetylglucosaminyl 
transferase III (GnTIII). 

[0041] 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. Glyco 
sylation engineering includes metabolic engineering of the 
glycosylation machinery of a cell, including genetic manipu 
lations of the oligosaccharide synthesis pathWays to achieve 
altered glycosylation of glycoproteins expressed in cells. 
Furthermore, glycosylation engineering includes the effects 
of mutations and cell environment on glycosylation. 

[0042] As used herein, the term host cell covers any kind 
of cellular system Which can be engineered to generate 
modi?ed glycoforms of proteins, protein fragments, or pep 
tides of interest, including antibodies and antibody frag 
ments. Typically, the host cells have been manipulated to 
express optimiZed levels of GnT III. Host cells include 
cultured cells, e.g., mammalian cultured cells, such as CHO 
cells, BHK cells, NSO cells, SP2/0 cells, YO myeloma cells, 
P3X63 mouse myeloma cells, PER cells, PER. C6 cells or 
hybridoma cells, yeast cells, and insect cells, to name only 
a feW, but also cells comprised Within a transgenic animal or 
cultured tissue. 

[0043] As used herein, the term Fc-mediated cellular cyto 
toxicity includes antibody-dependent cellular cytotoxicity 
and cellular cytotoxicity mediated by a soluble Fc-fusion 
protein containing a human Fc-region. It is an immune 
mechanism leading to the lysis of“antibody-targeted cells” 
by “human immune effector cells”, Wherein: 

[0044] The “human immune effector cells” are a 
population of leukocytes that display Fc receptors on 
their surface through Which they bind to the Fc 
region of antibodies or of Fc-fusion proteins and 
perform effector functions. Such a population may 
include, but is not limited to, peripheral blood mono 
nuclear cells (PBMC) and/or natural killer (NK) 
cells. 

[0045] The “antibody-targeted cells” are cells bound 
by the antibodies or Fc-fusion proteins. The antibod 
ies or Fc fusion-proteins bind to target cells via the 
protein part N-terminal to the Fc region. 

[0046] As used herein, the term increased Fc-mediated 
cellular cytotoxicity is de?ned as either an increase in the 
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number of “antibody-targeted cells” that are lysed in a given 
time, at a given concentration of antibody, or of Fc-fusion 
protein, in the medium surrounding the target cells, by the 
mechanism of Fc-mediated cellular cytotoxicity de?ned 
above, and/or a reduction in the concentration of antibody, 
or of Fc-fusion protein, in the medium surrounding the target 
cells, required to achieve the lysis of a given number of 
“antibody-targeted cells”, in a given time, by the mechanism 
of Fc -mediated cellular cytotoxicity. The increase in Fc 
mediated cellular cytotoxicity is relative to the cellular 
cytotoxicity mediated by the same antibody, or Fc-fusion 
protein, produced by the same type of host cells, using the 
same standard production, puri?cation, formulation and 
storage methods, which are known to those skilled in the art, 
but that has not been produced by host cells engineered to 
express the glycosyltransferase GnTIII by the methods 
described herein. 

[0047] By antibody having increased antibody dependent 
cellular cytotoxicity (ADCC) is meant an antibody having 
increased ADCC as determined by any suitable method 
known to those of ordinary skill in the art. One accepted in 
vitro ADCC assay is as follows: 

[0048] 1) the assay uses target cells that are known to 
express the target antigen recogniZed by the antigen 
binding region of the antibody; 

[0049] 2) the assay uses human peripheral blood 
mononuclear cells (PBMCs), isolated from blood of 
a randomly chosen healthy donor, as effector cells; 

[0050] 3) the assay is carried out according to fol 
lowing protocol: 

[0051] i) the PBMCs are isolated using standard 
density centriftigation procedures and are sus 
pended at 5><106 cells/ml in RPMI cell culture 
medium; 

[0052] ii) the target cells are grown by standard 
tissue culture methods, harvested from the expo 
nential growth phase with a viability higher than 
90%, washed in RPMI cell culture medium, 
labelled with 100 micro-Curies of 51Cr, washed 
twice with cell culture medium, and resuspended 
in cell culture medium at a density of 105 cells/ml; 

[0053] iii) 100 microliters of the ?nal target cell 
suspension above are transferred to each well of a 
96-well microtiter plate; 

[0054] iv) the antibody is serially-diluted from 
4000 ng/ml to 0.04 ng/ml in cell culture medium 
and 50 microliters of the resulting antibody solu 
tions are added to the target cells in the 96-well 
microtiter plate, testing in triplicate various anti 
body concentrations covering the whole concen 
tration range above; 

[0055] v) for the maximum release(MR) controls, 
3 additional wells in the plate containing the 
labelled target cells, receive 50 microliters of a 2% 
(V/V) aqueous solution of non-ionic detergent 
(Nonidet, Sigma, St. Louis), instead of the anti 
body solution (point iv above); 

[0056] vi) for the spontaneous release (SR) con 
trols, 3 additional wells in the plate containing the 
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labelled target cells, receive 50 microliters of 
RPMI cell culture medium instead of the antibody 
solution (point iv above); 

[0057] vii) the 96-well microtiter plate is then 
centrifuged at 50><g for 1 minute and incubated for 
1 hour at 4° C.; 

[0058] viii) 50 microliters of the PBMC suspen 
sion (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 atmo 
sphere at 37° C. for 4 hours; 

[0059] ix) the cell-free supernatant from each well 
is harvested and the experimentally released 
radioactivity (ER) is quanti?ed using a gamma 
counter; 

[0060] x) the percentage of speci?c lysis is calcu 
lated for each antibody concentration according to 
the formula (ER-MR)/(MR-SR)><100, where ER is 
the average radioactivity quanti?ed (see point ix 
above) for that antibody concentration, MR is the 
average radioactivity quanti?ed (see point ix 
above) for the MR controls (see point v above), 
and SR is the average radioactivity quanti?ed (see 
point ix above) for the SR controls (see point vi 
above); 

[0061] 4) “increased ADCC” is de?ned as either an 
increase in the maximum percentage of speci?c lysis 
observed within the antibody concentration range 
tested above, and/or a reduction in the concentration 
of antibody required to achieve one half of the 
maximum percentage of speci?c lysis observed 
within the antibody concentration range tested 
above. The increase in ADCC is relative to the 
ADCC, measured with the above assay, mediated by 
the same antibody, produced by the same type of host 
cells, using the same standard production, puri?ca 
tion, formulation and storage methods, which are 
known to those skilled in the art, but that has not 
been produced by host cells engineered to overex 
press the glycosyltransferase GnTIII. 

[0062] As used herein, the term anti-CD20 antibody is 
intended to mean an antibody which speci?cally recogniZes 
a cell surface non-glycosylated phosphoprotein of 35,000 
Daltons, typically designated as the human B lymphocyte 
restricted differentiation antigen Bp35, commonly referred 
to as CD20. 

[0063] Identi?cation and Generation of Nucleic Acids 
Encoding A Protein for which Modi?cation of the Glyco 
sylation Pattern is Desired 

[0064] The present invention provides methods for the 
generation and use of host cell systems for the production of 
glycoforms of antibodies or antibody fragments or fusion 
proteins which include antibody fragments with increased 
antibody-dependent cellular cytotoxicity. Identi?cation of 
target epitopes and generation of antibodies having potential 
therapeutic value, for which modi?cation of the glycosyla 
tion pattern is desired, and isolation of their respective 
coding nucleic acid sequence is within the scope of the 
invention. 
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[0065] Various procedures known in the art may be used 
for the production of antibodies to target epitopes of interest. 
Such antibodies include but are not limited to polyclonal, 
monoclonal, chimeric, single chain, Fab fragments and 
fragments produced by an Fab expression library. Such 
antibodies may be useful, e.g., as diagnostic or therapeutic 
agents. As therapeutic agents, neutraliZing antibodies, i.e., 
those Which compete for binding With a ligand, substrate or 
adapter molecule, are of especially preferred interest. 

[0066] 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. Various adjuvants may be used to increase the immu 
nological 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, pluronic polyols, polyan 
ions, peptides, saponin, oil emulsions, keyhole limpet 
hemocyanin, dinitrophenol, and potentially useful human 
adjuvants such as BCG (bacille Calmette-Guerin) and 
Corynebacterium parvum. 

[0067] Monoclonal antibodies to the target of interest may 
be prepared using any technique Which provides for the 
production of antibody molecules by continuous cell lines in 
culture. These include, but are not limited to, the hybridoma 
technique originally described by Kohler and Milstein, 
Nature 256:495-97 (1975), the human B-cell hybridoma 
technique (Kosbor et al., Immunology Today 4:72 (1983); 
Cote et al., Proc. Natl. Acad. Sci. USA. 80:2026-30 (1983 
) and the EBV-hybridoma technique (Cole et al., Mono 
clonal Antibodies and Cancer Therapy 77-96 (Alan R. Liss, 
Inc., 1985)). In addition, techniques developed for the 
production of “chimeric antibodies” (Morrison et al., Proc. 
Natl. Acad. Sci. USA. 81:6851-55 (1984); Neuberger et al., 
Nature 312:604-08 (1984); Takeda et al., Nature 314:452-54 
(1985) by splicing the genes from a mouse antibody mol 
ecule of appropriate antigen speci?city together With genes 
from a human antibody molecule of appropriate biological 
activity can be used. Alternatively, techniques described for 
the production of single chain antibodies (US. Pat. No. 
4,946,778) can be adapted to produce single chain antibod 
ies having a desired speci?city. 

[0068] Antibody fragments Which contain speci?c binding 
sites of the target protein of interest may be generated by 
knoWn techniques. 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 disul?de 
bridges of the F(ab‘)2 fragments. Alternatively, Fab expres 
sion libraries may be constructed (Huse et al., Science 
246:1275-81 (1989) to alloW rapid and easy identi?cation of 
monoclonal Fab fragments With the desired speci?city to the 
target protein of interest. 

[0069] Once an antibody or antibody fragment has been 
identi?ed for Which modi?cation in the glycosylation pattern 
are desired, the coding nucleic acid sequence is identi?ed 
and isolated using techniques Well knoWn in the art. 

[0070] a. Generation of Cell Lines for the Production of 
Proteins With Altered Glycosylation Pattern 

[0071] The present invention provides host cell expression 
systems for the generation of proteins having modi?ed 
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glycosylation patterns. In particular, the present invention 
provides host cell systems for the generation of glycoforms 
of proteins having an improved therapeutic value. Therefore, 
the invention provides host cell expression systems selected 
or engineered to increase the expression of a glycoprotein 
modifying glycosyltransferase, namely [3(1,4)-N-acetylglu 
cosaminyltransferase III (GnTIID). Speci?cally, such host 
cell expression systems may be engineered to comprise a 
recombinant nucleic acid molecule encoding GnTIII, opera 
tively linked to a constitutive or regulated promoter system. 
Alternatively, host cell expression systems may be 
employed that naturally produce, are induced to produce, 
and/or are selected to produce GnTIII. 

[0072] In one speci?c embodiment, the present invention 
provides a host cell that has been engineered to express at 
least one nucleic acid encoding GnTIII. In one aspect, the 
host cell is transformed or transfected With a nucleic acid 
molecule comprising at least one gene encoding GnTIII. In 
an alternate aspect, the host cell has been engineered and/or 
selected in such Way that endogenous GnTIII is activated. 
For example, the host cell may be selected to carry a 
mutation triggering expression of endogenous GnTIII. In 
one speci?c embodiment, the host cell is a CHO lec 10 
mutant. Alternatively, the host cell may be engineered such 
that endogenous GnTIII is activated. In again another alter 
native, the host cell is engineered such that endogenous 
GnTIII has been activated by insertion of a constitutive 
promoter element, a transposon, or a retroviral element into 
the host cell chromosome. 

[0073] 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, BHK 
cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63 
mouse myeloma cells, PER cells, PER.C6 cells or hybri 
doma cells, yeast cells, or insect cells are used as the 
background cell line to generate the engineered host cells of 
the invention. 

[0074] The invention is contemplated to encompass any 
engineered host cells expressing GnTIII as de?ned herein. 

[0075] One or several nucleic acids encoding GnTIII may 
be expressed under the control of a constitutive promoter or, 
alternately, a regulated expression system. Suitable regu 
lated expression systems include, but are not limited to, a 
tetracycline-regulated expression system, an ecdysone-in 
ducible expression system, a lac-sWitch expression system, 
a glucocorticoid-inducible expression system, a tempera 
ture-inducible promoter system, and a metallothionein 
metal-inducible expression system. If several different 
nucleic acids encoding GnTIII are comprised Within the host 
cell system, some of them may be expressed under the 
control of a constitutive promoter, While others are 
expressed under the control of a regulated promoter. The 
maximal expression level is considered to be the highest 
possible level of stable GnTIII expression that does not have 
a signi?cant 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 a GnTIII speci?c 
antibody, Northern blot analysis using a GnTIII speci?c 
nucleic acid probe, or measurement of enZymatic activity. 
Alternatively, a lectin may be employed Which binds to 
biosynthetic products of the GnTIII, for example, E4-PHA 
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lectin. In a further alternative, the nucleic acid may be 
operatively linked to a reporter gene; the expression levels 
of the GnTIII are determined by measuring a signal corre 
lated With the expression level of the reporter gene. The 
reporter gene may transcribed together With the nucleic 
acid(s) encoding said GnTIII as a single mRNA molecule; 
their respective coding sequences may be linked either by an 
internal ribosome entry site (IRES) or by a cap-independent 
translation enhancer (CITE). The reporter gene may be 
translated together With at least one nucleic acid encoding 
said GnTIII such that a single polypeptide chain is formed. 
The nucleic acid encoding the GnTIII may be operatively 
linked to the reporter gene under the control of a single 
promoter, such that the nucleic acid encoding the GnTIII and 
the reporter gene are transcribed into an RNA molecule 
Which is alternatively spliced into tWo separate messenger 
RNA (mRNA) molecules; one of the resulting mRNAs is 
translated into said reporter protein, and the other is trans 
lated into said GnTIII. 

[0076] If several different nucleic acids encoding GnTIII 
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 mRNA molecule, their respective 
coding sequences may be linked either by an internal 
ribosome entry site (IRES) or by a cap-independent trans 
lation enhancer (CITE). They may be transcribed from a 
single promoter into an RNA molecule Which is alternatively 
spliced into several separate messenger RNA (mRNA) mol 
ecules, Which then are each translated into their respective 
encoded GnTIII. 

[0077] In other embodiments, the present invention pro 
vides host cell expression systems for the generation of 
therapeutic antibodies, having an increased antibody-depen 
dent cellular cytotoxicity, and cells Which display the IgG Fc 
region on the surface to promote Fc-mediated cytotoxicity. 
Generally, the host cell expression systems have been engi 
neered and/or selected to express nucleic acids encoding the 
antibody for Which the production of altered glycoforms is 
desired, along With at least one nucleic acid encoding 
GnTIII. In one embodiment, the host cell system is trans 
fected With at least one gene encoding GnTIII. Typically, the 
transfected cells are selected to identify and isolate clones 
that stably express the GnTIII. In another embodiment, the 
host cell has been selected for expression of endogenous 
GnTIII. For example, cells may be selected carrying muta 
tions Which trigger expression of otherWise silent GnTIII. 
For example, CHO cells are knoWn to carry a silent GnT III 
gene that is active in certain mutants, e.g., in the mutant 
Lec10. Furthermore, methods knoWn in the art may be used 
to activate silent GnTIII, including the insertion of a regu 
lated or constitutive promoter, the use of transposons, ret 
roviral elements, etc. Also the use of gene knockout tech 
nologies or the use of riboZyme methods may be used to 
tailor the host cell’s GnTIII expression level, and is therefore 
Within the scope of the invention. 

[0078] Any type of cultured cell line can be used as 
background to engineer the host cell lines of the present 
invention. In a preferred embodiment, CHO cells, BHK 
cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63 
mouse myeloma cells, PER cells, PER.C6 cells or hybri 
doma cells, yeast cell, or insect cells may be used. Typically, 
such cell lines are engineered to further comprise at least one 
transfected nucleic acid encoding a Whole antibody mol 
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ecule, an antibody fragment, or a fusion protein that includes 
a region equivalent to the Fc region of an immunoglobulin. 
In an alternative embodiment, a hybridoma cell line express 
ing a particular antibody of interest is used as background 
cell line to generate the engineered host cells of the inven 
tion. 

[0079] Typically, at least one nucleic acid in the host cell 
system encodes GnT III. 

[0080] One or several nucleic acids encoding GnTIII 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 tetra 
cycline-regulated expression system, an ecdysone-inducible 
expression system, a lac-sWitch expression system, a glu 
cocorticoid-inducible expression system, a temperature-in 
ducible promoter system, and a metallothionein metal-in 
ducible expression system. If several different nucleic acids 
encoding GnTIII are comprised Within the host cell system, 
some of them may be expressed under the control of a 
constitutive promoter, While others are expressed under the 
control of a regulated promoter. The maximal expression 
level is considered to be the highest possible level of stable 
GnTIII expression that does not have a signi?cant 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 a GnTIII speci?c antibody, Northern blot 
analysis using a GnTIII speci?c nucleic acid probe, or 
measurement of GnTIII enzymatic activity. Alternatively, a 
lectin may be employed Which binds to biosynthetic prod 
ucts of GnTIII, for example, E4-PHA lectin. In a further 
alternative, the nucleic acid may be operatively linked to a 
reporter gene; the expression levels of the glycoprotein 
modifying glycosyl transferase are determined by measuring 
a signal correlated With the expression level of the reporter 
gene. The reporter gene may transcribed together With the 
nucleic acid(s) encoding said glycoprotein-modifying gly 
cosyl transferase as a single mRNA molecule; their respec 
tive coding sequences may be linked either by an internal 
ribosome entry site (IRES) or by a cap-independent trans 
lation enhancer (CITE). The reporter gene may be translated 
together With at least one nucleic acid encoding GnTIII such 
that a single polypeptide chain is formed. The nucleic acid 
encoding the GnTIII may be operatively linked to the 
reporter gene under the control of a single promoter, such 
that the nucleic acid encoding the GnTIII and the reporter 
gene are transcribed into an RNA molecule Which is alter 
natively spliced into tWo separate messenger RNA (mRNA) 
molecules; one of the resulting mRNAs is translated into 
said reporter protein, and the other is translated into said 
GnTIII. 

[0081] If several different nucleic acids encoding a GnTIII 
are expressed, they may be arranged in such Way that they 
are transcribed as one or as several mRNAmolecules. If they 

are transcribed as single mRNA molecule, their respective 
coding sequences may be linked either by an internal 
ribosome entry site (IRES) or by a cap-independent trans 
lation enhancer (CITE). They may be transcribed from a 
single promoter into an RNA molecule Which is alternatively 
spliced into several separate messenger RNA (mRNA) mol 
ecules, Which then are each translated into their respective 
encoded GnTIII. 



US 2003/0175884 A1 

[0082] 
[0083] Methods Which are Well known to those skilled in 
the art can be used to construct expression vectors contain 
ing the coding sequence of the protein of interest and the 
coding sequence of the GnTIII and appropriate transcrip 
tional/translational control signals. These methods include 
in vitro recombinant DNA techniques, synthetic techniques 
and in vivo recombination/genetic recombination. See, for 
example, the techniques described in Maniatis et al., 
Molecular Cloning A Laboratory Manual, Cold Spring Har 
bor Laboratory, NY. (1989) and Ausubel et al., Current 
Protocols in Molecular Biology, Greene Publishing Associ 
ates and Wiley Interscience, NY (1989). 

i. Expression Systems 

[0084] Avariety of host-expression vector systems maybe 
utiliZed to express the coding sequence of the protein of 
interest and the coding sequence of the GnTIII. Preferably, 
mammalian cells are used as host cell systems transfected 
With recombinant plasmid DNA or cosmid DNA expression 
vectors containing the coding sequence of the protein of 
interest and the coding sequence of the GnTIII. Most pref 
erably, CHO cells, ByIK cells, NSO cells, SP2/0 cells, YO 
myeloma cells, P3X63 mouse myeloma cells, PER cells, 
PER. C6 cells or hybridoma cells, yeast cells, or insect cells 
are used as host cell system. In alternate embodiments, other 
eukaryotic host cell systems may be contemplated, includ 
ing, yeast cells transformed With recombinant yeast expres 
sion vectors containing the coding sequence of the protein of 
interest and the coding sequence of the GnTIII; insect cell 
systems infected With recombinant virus expression vectors 
(e.g., baculovirus) containing the coding sequence of the 
protein of interest and the coding sequence of the GnTIII; 
plant cell systems infected With recombinant virus expres 
sion vectors (e.g., cauli?ower mosaic virus, CaMV; tobacco 
mosaic virus, TMV) or transformed With recombinant plas 
mid expression vectors (e.g., Ti plasmid) containing the 
coding sequence of the protein of interest and the coding 
sequence of the GnTIII; or animal cell systems infected With 
recombinant virus expression vectors (e. g., adenovirus, vac 
cinia virus) including cell lines engineered to contain mul 
tiple copies of the DNA encoding the protein of interest and 
the coding sequence of the GnTIII either stably ampli?ed 
(CHO/dhfr) or unstably ampli?ed in double-minute chro 
mosomes (e.g., murine cell lines). 

[0085] For the methods of this invention, stable expression 
is generally preferred to transient expression because it 
typically achieves more reproducible results and also is 
more amenable to large scale production. 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, transcription 
terminators, polyadenylation sites, etc.), and a selectable 
marker. FolloWing the introduction of foreign DNA, engi 
neered cells may be alloWed to groW for 1-2 days in an 
enriched media, and then are sWitched to a selective media. 
The selectable marker in the recombinant plasmid confers 
resistance to the selection and alloWs selection of cells 
Which have stably integrated the plasmid into their chromo 
somes and groW to form foci Which in turn can be cloned and 
expanded into cell lines. 

[0086] A number of selection systems may be used, 
including, but not limited to, the herpes simplex virus 
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thymidine kinase (Wigler et al., Cell 11:223 (1977)), hypox 
anthine-guaninephosphoribosyltransferase (SZybalska & 
SZybalski, Proc. Natl. Acad. Sci. USA 482026 (1962)), and 
adenine phosphoribosyltransferase (LoWy et al., Cell 22:817 
(1980)) genes, Which can be employed in tk', hgprt' or aprt' 
cells, respectively Also, antimetabolite resistance can be 
used as the basis of selection for dhfr, Which confers 
resistance to methotrexate (Wigler et al., Natl. Acad. Sci. 
USA 7713567 (1989); O’Hare et al., Proc. Natl. Acad. Sci. 
USA 78:1527 (1981)); gpt, Which confers resistance to 
mycophenolic acid (Mulligan & Berg, Proc. Natl. Acad. Sci. 
USA 782072 (1981)); neo, Which confers resistance to the 
aminoglycoside G-418 (Colberre-Garapin et al.,] Mol. Biol. 
150:1 (1981)); and hygro, Which confers resistance to hygro 
mycin (Santerre et al., Gene 30:147 (1984) genes. Recently, 
additional selectable genes have been described, namely 
trpB, Which alloWs cells to utiliZe indole in place of tryp 
tophan; hisD, Which alloWs cells to utiliZe histinol in place 
of histidine (Hartman & Mulligan, Proc. Natl. Acad. Sci. 
USA 8518047 (1988)); the glutamine synthase system; and 
ODC (ornithine decarboxylase) Which confers resistance to 
the ornithine decarboxylase inhibitor, 2-(di?uoromethyl) 
DL- ornithine, DFMO (McConlogue, in: Current Commu 
nications in Molecular Biology, Cold Spring Harbor Labo 
ratory ed. (1987)). 
[0087] ii. Identi?cation of Transfectants or Transformants 
that Express the Protein having a Modi?ed Glycosylation 
Pattern 

[0088] The host cells Which contain the coding sequence 
and Which express the biologically active gene products may 
be identi?ed by at least four general approaches; (a) DNA 
DNA or DNA-RNA hybridization; (b) the presence or 
absence of “marker” gene functions; (c) assessing the level 
of transcription as measured by the expression of the respec 
tive mRNA transcripts in the host cell; and (d) detection of 
the gene product as measured by immunoassay or by its 
biological activity. 
[0089] In the ?rst approach, the presence of the coding 
sequence of the protein of interest and the coding sequence 
of the GnTIII inserted in the expression vector can be 
detected by DNA-DNA or DNA-RNA hybridiZation using 
probes comprising nucleotide sequences that are homolo 
gous to the respective coding sequences, respectively, or 
portions or derivatives thereof 

[0090] In the second approach, the recombinant expres 
sion vector/host system can be identi?ed and selected based 
upon the presence or absence of certain “marker” gene 
functions (e.g., thymidine kinase activity, resistance to anti 
biotics, resistance to methotrexate, transformation pheno 
type, occlusion body formation in baculovirus, etc.). For 
example, if the coding sequence of the protein of interest and 
the coding sequence of the GnTIII are inserted Within a 
marker gene sequence of the vector, recombinants contain 
ing the respective coding sequences can be identi?ed by the 
absence of the marker gene function. Alternatively, a marker 
gene can be placed in tandem With the coding sequences 
under the control of the same or different promoter used to 
control the expression of the coding sequences. Expression 
of the marker in response to induction or selection indicates 
expression of the coding sequence of the protein of interest 
and the coding sequence of the GnTIII. 

[0091] In the third approach, transcriptional activity for 
the coding region of the protein of interest and the coding 


















