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Introduction

Monoclonal antibodies (mAbs) such as rituximab (Rituxan®), 
trastuzumab (Herceptin®) or bevacizumab (Avastin®) have dem-
onstrated their potential for anti-cancer therapy.1-4 Deficits of 
mAb therapy, however, are (1) the decreased effector function of 
therapeutic antibodies found in serum5 and (2) infusion related 
toxicities.6,7

The reduction of antibody-related effector functions seems 
to be associated with the high levels of endogenous IgG pres-
ent in human serum. Several investigators have shown that the 
presence of high amounts of endogenous serum IgG impairs the 
effector function of therapeutic antibodies such as the antibody-
dependent cell-mediated cytotoxicity (ADCC). The competition 
for binding to Fcγ receptors, in particular FcγRIIIα expressed 
on natural killer (NK) cells, is believed to be the main reason.5 
Regarding infusion related toxicities, recent studies have shown 
that application of a chimeric anti-CD20 mAb can result in mod-
erate to severe first-dose side effects, notably in patients with high 
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numbers of circulating tumor cells. These side effects were found 
to correlate with activation of the complement system measured 
in serum of patients.6

A clear correlation between therapeutic activity of human-
ized anti-CD20 mAb and the polymorphism in the FcγRIIIα 
gene has been demonstrated, with a significantly superior treat-
ment benefit observed for patients carrying the homozygous 
high affinity type FcγRIIIα 158V/V compared with low affinity 
type FcγRIIIα 158F/F carriers.8 Furthermore, effector cells of 
approximately 60% of the normal human population were found 
to express the low affinity FcγRIIIα on NK cells.8,9 Modification 
of the glycosylation moieties attached to the Fc part of the anti-
body, i.e., the reduction of the core-fucose content was shown 
to enhance the binding affinity to FcγRIIIα.10-14 In general, the 
effect of defucosylation on effector functions such as ADCC 
has extensively been demonstrated.15,16 Moreover, there are 
other sugar residues that affect effector functions of therapeu-
tic antibodies such as terminal galactosylation, which correlates 
with enhanced CDC, and bisecting GlcNAc structures, which 
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expressed MB314 showed a homogeneous N-glycosylation pat-
tern with quantitative removal of plant-specific xylose and fucose 
residues and characterized by the absence of core alpha1,6-fucose, 
and terminal galactosylation (G0). The parental mAb MB 311 
displayed a N-glycan pattern typical for IgG molecules expressed 
in mammalian host cells with pronounced α1,6-fucosylation 
and substantial amounts of terminal galactose residues.29 Stably 
expressed MB314 assembled correctly, showed the identical 
molecular weight of the heavy and light chains and revealed a 
homogenous glyco-optimized N-linked oligosaccharide pattern 
of the GnGn type without core fucosylation.

Binding to Lewis Y and FcγRIII. Binding of MB314 and 
MB311 to Lewis Y carbohydrate antigen presenting SKBR-3 cells 
was tested by FACS analysis. The logarithmized geo mean values 
of the obtained mean fluorescence intensities were set in relation 
of the antibody concentration. The data were fitted using a 4-PL 
algorithm with GraphPad Prism 2.0. There is no difference visible 
between MB311 and MB314, indicating that the moss-produced 
antibody retains its full Lewis Y binding capacity (Fig. 1A). Next, 
binding to FcγRIII (CDC16) expressed on purified human NK 
cells was tested to confirm that the de-fucosylated MB314 anti-
body showed increased binding. Peripheral blood mononuclear 
cell (PBMCs) were prepared from the blood of healthy donors 
using Ficoll separation and NK cells were subsequently purified 
applying Miltenyi’s ‘negative purification’ approach. Binding to 
all three CD16 genetic variants V/V (homozygote, high affin-
ity) V/F (‘heterozygote’) and F/F (homozygote, low affinity) was 
evaluated. The data demonstrate significantly increased binding 
of the de-fucosylated MB314 for all variants. In contrast, MB311 
showed only low binding to NK cells from V/F donors and mar-
ginal binding to F/F low affinity donors (Fig. 1B–D). These 
results clearly demonstrate that de-fucosylated MB314 can bind 
to all naturally occurring FcγRIII variants expressed by human 
NK cells.

Effector functions: CDC and ADCC. CDC reactivity was 
tested using the Lewis Y positive target cell lines SKBR-3 and 
OVCAR-3 (Fig. 2A and B). An approximate 5-fold lower CDC 
activity was found for the glyco-modified MB314 compared with 
the parental mAb MB311.

For ADCC measurements, Lewis Y positive tumor cells were 
used as target cells with PBMC from healthy donors as effector 
cells. Several parameters relevant for tumor therapy, such as dif-
ferent kinds of target cells and different effector to target ratios 
(E:T) were tested. First, MB314 and MB311 were tested against 
the Lewis Y positive tumor cell line SKBR-3. In contrast to the 
similar binding activity of the two mAbs determined by FACS 
(compare Fig. 1A), a significant, 30–40 fold higher cytotoxic-
ity was found for the glyco-modified MB314 compared with 
the parental MB311 (Fig. 2C and D). The increased ADCC 
activity of the glyco-modified mAb was evident at all E:T ratios 
tested, whereas the absolute amounts of killed cells showed a 
clear dependency on the E:T ratio (data not shown). Testing the 
ADCC activity against additional Lewis Y positive tumor cell 
lines such as OVCAR-3 (Fig. 2D) or KATOIII cells (data not 
shown) also resulted in significantly higher cytotoxicity mediated 
by MB314 compared to the parental MB311. The fold increase in 

correlate with enhanced ADCC.17-19 In contrast, the effect of 
modified N-glycan structures on other effector functions, e.g., 
antibody-dependent cytokine release, that are an important part 
of the overall effector function profile of antibodies,20-25 has not 
been analyzed to date in detail.

In the study presented here, a unique plant expression host, 
based on a gene-engineered fucosyl-transferase and xylosyl-
transferase deficient moss line, facilitated the completely animal 
component-free recombinant expression of therapeutic mAbs 
with tailor made N-linked glycosylation devoid of core fucose. 
Using this expression technology, increased ADCC activity of 
a transiently produced therapeutic antibody was shown previ-
ously in reference 26, and was found to be independent of the 
FcγRIIIα genotype of the effector cells.27 To characterize the 
effector function profile of such a glyco-engineered mAb in more 
detail, we generated a stably transformed moss line transgenic 
for the MB314 antibody. The resulting highly homogenous and 
defucosylated MB314 antibody was compared with its counter-
part, the humanized, core-fucosylated parental mAb MB311 
stably expressed by conventional mammalian cells. Both mAbs 
had the same binding specificity to the target structure, i.e., the 
tumor-associated Lewis Y carbohydrate that is broadly expressed 
on tumors of epithelial origin.28-32 In correlation with a complete 
lack of terminal galactose residues, CDC activity was decreased 
for the glyco-modified antibody compared with its parental coun-
terpart. Most importantly, in parallel to the increased ADCC 
activity induced by MB314, a temporary release of stimulatory 
cytokines, including, interferon (IFN)γ, tumor necrosis factor 
(TNF)α, monocyte chemotactic protein (MCP)-1 and interleu-
kin (IL)-6 was observed. Moreover, TNF release was found to 
be associated with CD14+ cells indicating that beside NK cells 
mediating most of the ADCC activity, additional cells such as 
monocytes/macrophages33 may be involved in the enhanced 
cytotoxic activity of glyco-modified mAbs.

The data presented demonstrate that the effector function 
profile of therapeutic antibodies can be significantly changed by 
glyco-engineering, resulting in enhanced ADCC activity and the 
release of immune stimulatory cytokines.

Results

Expression and analytical characterization of MB314. The 
humanized Lewis Y-specific mAb MB 314 (IgG1/κ) was pro-
duced as described in Materials and Methods by greenova-
tion’s Bryo-Master expression system using a double-knockout 
Physcomitrella patens moss cell line, resulting in an antibody lack-
ing core fucose and xylose residues on the N-glycans. For trans-
fection of moss protoplasts, genetic constructs containing open 
reading frames for light and heavy chains of mAb MB311 were 
used.27 The yield was 25 mg MB314/364 g fresh weight.

Identity, integrity, molecular weight and purity of the puri-
fied glyco-modified MB314 were analyzed and compared with 
clinical grade MB311 material (produced in mammalian cells). 
Size exclusion chromatography of MB311 and MB314 showed 
for both mAbs a single peak (purity > 95%) with a retention 
time indicative for human IgG1 (data not shown). The stably 
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Antibody dependent cytokine release. To gain more insight 
into the differences observed in ADCC potency, an antibody 
dependent cytokine release (ADCR) assay was performed by 
using Multiplex measurement of a panel of cytokines (IL-1β, 
IL-2, IFNγ, IFNα2a, TNFα, MCP-1, IL-6, IL-8, IL-12 and 
IL-13). These cytokines are known to be associated with cellu-
lar effector-target or effector-effector interactions during cellular 
interactions. The release of TNFα after 3 h incubation of PBMC 
(effector cells) with Lewis Y positive tumor cells (target cells) 
and various concentrations of MB314 or MB311 is shown in 
Figure 4A. For both mAbs a significant dose-dependent release 
of TNFα during ADCC was found. When comparing the dose 
dependency for the two mAbs in ADCR, the glyco-modified 
MB314 induced comparable cytokine levels at a 10-fold lower 
mAb concentration compared with the parental mAb MB311. 
This correlates well with the differences observed in ADCC 
activity (Fig. 2C and D). Competition experiments with excess 
of multi-specific IgG (2 mg/ml) showed a significant decrease in 

ADCC observed with MB314 roughly correlated with the Lewis 
Y expression of the target cell lines as tested by FACS binding 
experiments (data not shown). These results are in accordance 
with increased binding of the glyco-modified MB314 to human 
FcγRIII (CD16) expressed on freshly isolated human NK cells 
(Fig. 1B and C), confirming that increased binding to FcγRIII 
results in higher ADCC.

ADCC competition by excess IgG. The inhibitory effect of 
the presence of excess of multi-specific immunoglobulin on the 
ADCC activity was tested. In this experiment, an E:T ratio of 
30:1 was used and MB314 or MB311 were applied at a similar 
concentration of 400 ng/ml, respectively, to SKBR-3 cells. An 
excess of multi-specific IgG in the assay (addition of unspecific 
IgGs at a concentration of 2 mg/ml) resulted in a significant 
decrease in ADCC activity for both mAbs. However, the remain-
ing ADCC activity of MB314 was significantly higher than that 
of MB 311, equal to at least that of MB311 without addition of 
unspecific IgG (Fig. 3).

Figure 1. Binding activity MB314 and MB311. (A) Binding of MB311 and MB314 to the Lewis-Y positive tumor cell line SKBR-3 was determined by flow 
cytometry. Geometric Mean fluorescence intensity (MFI) was plotted vs. the logarithm of the antibody concentration and fitted using a sigmoidal four 
parameter fit using GraphPad Prism 4 software for calculation of EC50 values. Mean and SD of triplicates are shown. Binding of 100 μg/ml MB311 (dark 
gray line) or MB314 (black line) to purified human NK-cells expressing the FcγRIII variant V/F (B), to the FcγRIII variant F/F (C) and the FcγRIII variant V/V 
(D). Results obtained with medium only are shown as light gray lines.
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used as target cells and effector cells, respectively, and incubated 
together with different concentrations of MB311 or MB314. 
Following 5 h incubation, the intracellular levels TNFα and 
IFNγ in the effector cells or target cells were measured by FACS 
analysis. As shown in Figure 5 significant amounts of TNFα 
staining CD14+ positive cells were detected, whereas no signifi-
cant TNFα expression was found for any other cell population, 
including CD3+ and CD56+ cells, indicating that the vast major-
ity of TNFα is released from mononuclear cells, such as macro-
phages. In contrast, intracellular staining for IFNγ was absent 
in CD14+ cells, but seemed to be associated with CD56+ cells, 
although no clear cut data regarding the cell subset responsible 
for its release could be obtained, probably due to the generally 

cytokine release mediated by the two mAbs (Fig. 4B). Similar 
results were found for MCP-1 (Fig. 4C and D), IL-6 (Fig. 5E 
and F) and IL-8 (data not shown). Most importantly, whereas no 
IFNγ was measured after incubation with MB311 (even at the 
highest concentrations), significant levels of IFNγ were measured 
after incubation with MB314 (Fig. 4G and H). No measurable 
levels of IL-1β, IL-2, IL-12, IL-13 and IFNα2a were detectable 
for either of the two mAbs under investigation (data not shown).

Cellular source of detected cytokines. To determine the 
source of the released cytokines, i.e., which effector or target cells 
are responsible for the cytokine release, a FACS based assay was 
set up for intracellular staining of selected cytokines of interest. 
The Lewis Y positive tumor cell line (SKBR-3) and PBMCs were 

Figure 2. MB314 and MB311 mediated effector functions. (A and B) CDC reactivity against two Lewis Y positive tumor cell lines was tested using a FACS 
based approach. Tumor cells were incubated with different concentrations of antibodies in the presence of human complement for 1 h. As comple-
ment source frozen human serum was used. Cytotoxicity against SKBR-3 cells (A) or OVCAR-3 cells (B) was quantified by FACSTM analysis using a live/
dead cell stain. Gated 7-AAD+ population (dead cells) as percentage of the whole population are plotted vs. the logarithm of the antibody concentra-
tion and fitted using a sigmoidal four parameter fit using GraphPad Prism 4 software. Mean and SD of triplicates are shown. (C and D) ADCC activity 
against two Lewis Y positive tumor cell lines was tested in a 51Cr release cell lysis assay. 51Cr labeled target cells (T) were incubated with effector cells 
(PBMCs from a healthy volunteer donor, E) at indicated E:T ratios for 16 h. Supernatants were counted for released 51Cr using a γ-counter. Specific lysis 
(%) was plotted against the logarithm of the antibody concentration (ng/ml) and fitted using a sigmoidal four parameter fit using GraphPad Prism 4 
software.
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In the present study, a unique expression system based on a 
fucosyl- and xylosyl-transferase deficient, (Δxyl-t/Δfuc-t) double 
knockout Physcomitrella patens moss line was used to produce 
MB314, an α1,6-fucose free, humanized mAb with additional 
quantitative removal of plant-specific N-glycan alpha1,3-fucose 
and β1,2-xylose residues. MB314 stably expressed in Physcomitrella 
patens was demonstrated to assemble correctly, with intact heavy 
and light chains and showed a homogeneous N-linked oligo-sac-
charide pattern of a typical GnGn (G

0
) type, with no detectable 

core fucosylation (and plant-specific xylosylation).27 The tar-
get specificity of the glyco-engineered MB314 was not affected 
compared with its parental mAb MB311 as confirmed by FACS. 
Binding data to CD16 expressed on the surface of NK cells iso-
lated from healthy human donors proved the higher affinity of 
MB314. Most importantly, the ADCC effector function of the 
fucose-deficient MB314 was increased up to 40-fold (based on 
EC

50
 values) compared with MB311 (demonstrated here for dif-

ferent Lewis Y positive tumor cell lines). Most relevant from a 
clinical application perspective was the confirmation that the 
inhibitory effect of an excess of multi-specific immunoglobulin, 
simulating the situation in the serum of the patients, was largely 
compensated by the significantly higher ADCC activity of the 
glyco-engineered mAb. In contrast, ADCC activity mediated by 
the parental MB311 was almost completely abolished by addition 
of excess of unspecific IgG. These data indicate that a significantly 
higher ADCC activity of glyco-optimized therapeutic mAbs can 
be expected in a clinical setting whereas the ADCC activity of 
unmodified therapeutic mAb is largely abolished by the presence 
of high amounts of multi-specific endogenous IgG.5,26

A second critical finding of the present study, equal in interest 
to the increased ADCC activity induced by the glyco-modified 
mAb, was the significant increase in the dose-dependent tempo-
rary release of stimulatory cytokines. In particular, cytokines such 
as TNFα, IL-6, IFNγ or chemokines such as MCP-1, which have 
been described during antibody-dependent cytokine release,22-25 
were found to be significantly enhanced for the glyco-modified 

low amounts of IFNγ released (compare also Fig. 4G). In 
summary, the ADCR data provide evidence for a significant 
release of immunostimulatory cytokines during ADCC using 
both mAb glyco-types. In particular this holds true for those 
cytokines that are known to be associated with effector func-
tions such as TNFα, IL-6 or cellular chemo-attraction such 
as MCP-1, which are, however, induced at lower concentra-
tions of the glyco-modified MB 314. Interestingly, IFNγ, a 
cytokine involved in activation of effector cells such as macro-
phages and NK cells,34 as well as regulation of MHC expres-
sion on target cells, was found only with the glyco-modified 
MB 314, and was absent for the parental MB311.

Discussion

A plant-based expression system employing a gene-engi-
neered xylosyl- and fucosyl-transferase deficient moss cell 
line was used to produce a therapeutic mAb with tailor-made 
N-linked glycosylation. This glyco-engineered mAb, desig-
nated MB314, was compared with its parental mAb MB311, 
which was expressed in mammalian SP2.0 cells. MB311 binds 
to the tumor-associated carbohydrate antigen Lewis Y, which is 
expressed on 70–90% of epithelial cancers such as lung cancer, 
colon cancer, breast, ovarian cancer, cervical cancer, stomach 
and pancreas adenocarcinoma, but with only limited expression 
on normal tissues.28 High levels of Lewis Y expression correlate 
with poor survival in patients with lung carcinoma29 and breast 
cancer.30-32

For the parental mAb MB311, a dual mode of action leading 
to (1) signal transduction inhibition of Lewis Y glycosylated erbB 
receptors resulting in direct blocking of tumor cell growth36,37 
and (2) destruction of Lewis Y expressing tumor cells by activa-
tion of Fc-mediated effector functions such as ADCC and CDC 
has previously been demonstrated.35 MB311 has successfully 
completed an open-label dose escalation Phase I clinical trial in 
patients with Lewis Y positive epithelial cancers and has demon-
strated good safety characteristics, a favorable pharmacokinetic 
profile and significant ex vivo cytolytic activity.35

Modification of the glycosylation moieties attached to the 
Fc-part of mAbs has recently become a promising approach to 
optimize effector functions.11-15,38 In particular, core fucosylated 
oligosaccharides showed weaker binding to the FcγRIIIa recep-
tor (CD16) expressed on effector cells and resulted in a decreased 
lytic potential. Accordingly, the expression of recombinant mAbs 
in glyco-optimized mammalian expression hosts with a reduced 
or complete lack of core fucosylation activity, have shown to gen-
erate mAbs with enhanced lytic potential, especially considering 
ADCC.16-20 However, a stable expression of a homogeneous glyco-
sylation pattern has been a difficult challenge for most expression 
systems in use. Beside genetically-engineered mammalian expres-
sion systems, plant-based expression systems have also been used 
to modify glycosylation of mAbs.18,33 A murine Lewis Y-specific 
mAb, BR55-2, was expressed in transgenic tobacco plants with 
low alkaloid content. Because core fucosylation of that mAb was 
not affected in the transgenic tobacco plants, ADCC activity was 
comparable to the parental mAb BR55-2.39

Figure 3. Competition of the ADCC reaction with excess human IgG. 51Cr 
labeled SKBR-3 cells (T) were incubated with effector cells (E) at an E:T ratio 
of 30:1 for 16 h. Specific lysis (%) induced by 400 ng/ml of MB 314 or MB 311, 
respectively, in the presence or absence of excess of human IgG is shown. 
Horizontal line indicates lysis of target cells by effector cells without anti-
body. Mean and SD of triplicates are shown.
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antibody. ADCR was dependent on the 
presence of both, target cells and effec-
tor cells. TNFα release was found to be 
associated with CD14+ cells, indicating 
that, besides the FcγRIIIα-carrying NK 
cells, other cells such as monocytes/mac-
rophages are also involved in mediation 
of cytotoxic activity. This result is consis-
tent with previous reports on unmodified 
mAb.22-25 The enhanced cytokine release 
found with the glyco-modified MB314 
can be expected to lead also to enhanced 
chemo-attractance of inflammatory cells 
(IL-8, MCP-1), increased antigen expres-
sion on target cells (IFNγ) or increased 
effector functions of the effector cells 
(TNFα, IFNγ, IL-6). These effects are 
likely to result in higher therapeutic effi-
cacy, but could theoretically also enhance 
the potential for toxic side effects.40-42 
However, the moderate amounts measured 
in this study for most of the cytokines, 
together with the noteworthy finding that 
the cytokines were not systemically detect-
able in the presence of excess of human 
IgG, indicate that the stimulatory effects 
of the cytokines should manifest only in 
the vicinity of the releasing cells, i.e., in 
an autocrine/paracrine manner,43 with 
the potential for side effects decreasing in 
serum with distance.

Finally, CDC reactivity against Lewis 
Y positive target cells was tested. In con-
trast to the significantly enhanced ADCC 
activity, a 4–5-fold lower CDC activity 
was found for the glyco-modified MB314. 
In contrast to the binding of the Fc-part of 
the mAb to effector cell expressed FcγRIII 
receptors, which is strongly enhanced by 
removal of the core fucosylation, the influ-
ence of absence/presence of core fucosyl-
ation on CDC activity has not been 
described. Regarding MB314, another 
effect of the utilized moss based expres-
sion system may play a role: in contrast to 
the parental MB311 expressed in mamma-
lian cells that shows a substantial degree 
of terminal galactosylation, the glyco-
engineered MB314 shows a very homoge-
neous ‘GnGn’ pattern with no N-terminal 
galactose. N-terminal galactose has been 
described to be associated with activation 
of complement system.44,45 Therefore, the 
lack of N-terminal galactose in the glyco-
engineered MB314 might explain the 
lower CDC activity. However, although 

Figure 4. ADCR induced by MB314 or MB311. ADCR was measured in parallel to the antibody-
dependent cell lysis assay. SKBR-3 target cells and effector cells (PBMCs from a healthy volunteer 
donor) at an E:T ratio of 25:1 were incubated with different concentrations of MB311 or MB314, 
respectively, for 3 h. Supernatants were analyzed for release of cytokines using xMAP multiplex 
technology. Release of TNFα (A), MCP-1 (C), IL-6 (E) and IFNγ (G) are shown. Mean and SD of trip-
licates are shown. Competition assay: Target and effector cells were incubated with the highest 
concentrations of MB314 or MB311 (400 ng/ml and 4 mg/ml, respectively) in the absence or pres-
ence of excess of human IgG (B,D,F and H).
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Figure 5. Intracellular Expression of tumor necrosis factor (TNF) by CD14+ cells, but not by CD3+ or CD56+ cells. SKBR-3 target cells and effector cells 
(PBMCs from a healthy volunteer donor) at an E:T ratio of 25:1 were incubated with 74 ng/ml of MB314 (A) or MB311 (B) or without antibody (C) for 5 
h. Cells were harvested, stained with FITC-mouse anti-CD14 antibody or mouse anti-CD56 antibody and anti-mIgG Dylight 488, or Cy5-mouse anti-
CD3 antibody, fixed, permeabilized and subsequently stained with PE-mouse anti human TNFα antibody. Staining was measured by FACS analysis. 
The data reflect gating on PBMC effector cells (red) (and excluding target cells, green) based on forward and side scattered light signals (left part). 
Intracellular staining of TNFα gated on CD14+ or CD56+ (middle part) and CD3+ cells are shown (right part). As positive control, PBMC effector cells were 
incubated with 1 μg/ml LPS (D). Effector cells (red) positive for intracellular TNF are encircled.
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profiles of purified expression products were analyzed by high-
performance size exclusion chromatography, SDS-PAGE, west-
ern Blot and matrix-assisted laser desorption/ionization-time 
of flight (MALDI-TOF) analysis exactly as described in refer-
ence 27. The endotoxin concentration was determined using the 
Endosafe®-PTS cartridge system (PTS cartridge 0.05, Charles 
River Laboratories) according to the manufacturer’s instructions. 
For both, the mammalian cell produced clinical grade mate-
rial MB311 (stock concentration: 10 mg/ml) and for the plant 
expressed MB314 (stock concentration: 3 mg/ml) the endotoxin 
values were below 0.5 EU/ml, i.e., < 0.05 EU/mg and < 0.2 EU/
mg, respectively. At the highest Ab concentrations used in the 
present study (i.e., 10 μg/ml) endotoxin levels were therefore 
below 0.0005 EU/ml and 0.002 EU/ml, respectively.

Antibody binding to Lewis Y positive tumor cell lines. 
Binding of mAbs MB 311 and MB 314 to Lewis Y positive tumor 
cell lines was determined by FACS analysis. The mAbs were 
incubated at different concentrations with the cells for 30 min. 
on ice, washed and incubated with a FITC labeled anti-human 
IgG (Chemicon). After washing, the cells were incubated with 
7-AAD (diluted 1:200) for 20 min on ice. The mean fluorescence 
intensity (MFI) was measured using a FACSCalibur instrument 
(Becton Dickinson). Geometric MFI were plotted against the 
logarithm of the mAb concentration (ng/ml) and fitted using 
a four parameter logistic fit using GraphPad Prism 4 software. 
EC

50
 values were calculated and used for quantification.

Antibody binding to freshly isolated human NK cells. NK 
cells were isolated from freshly donated whole blood. In a first 
step PBMCs were isolated via density gradient centrifugation 
with LymphoprepTM (Axis-Shield). In a second step, NK cells 
were isolated by negative depletion with MACS technology 
(NK cell isolation kit and MACS separation columns, Miltenyi 
Biotec). The purified NK were stained with CD16 and CD56 
antibodies and analyzed by FACS technology as quality control. 
The purity was determined as > 80%. For the binding experi-
ment, 1 × 105 NK cells were incubated with 10 μg/ml of MB311 
or MB314 for 30 min on ice. Detection was done with PE 
labeled secondary antibody anti-human IgG goat F(ab’)

2
 frag-

ment (H + L) (Beckton Coulter) and following FACS analysis 
(FACSCalibur).

Determination of complement dependent cytotoxicity 
activity. CDC activity was determined by FACS as described 
previously in reference 46. Two Lewis Y positive cell lines, 
the breast cancer cell line SKBR-3 and the ovarian cancer cell 
line OVCAR-3, were incubated with various concentrations of 
MB311 or MB314 in the presence of human complement for 1 
h. As complement source, frozen human serum was used. For 
maximum lysis control, 50 μl Triton X-100 were added to the 
cells. Specific lysis (%) was calculated using the formula: specific 
lysis (%) = 100% × (sample lysis - spontaneous lysis)/(Max lysis 
- spontaneous lysis). After 1 h incubation with serial dilutions of 
MB311 or MB314 cytotoxicity was quantified by FACS analysis 
using a live/dead cell stain. Geometric MFI were plotted against 
the logarithm of the mAb concentration (ng/ml) and fitted using 
a four parameter logistic fit using GraphPad Prism 4 software. 
EC

50
 values were calculated and used for quantification.

no terminal galactose is present on the glyco-modified MB314, 
moderate CDC activity remains. This might very well be a ben-
eficial situation balancing the negative side effects and positive 
effector function. Noteworthy, complement activation seems not 
only to be part of the anti-tumor activity mediated by therapeutic 
mAbs, but has also been shown to be associated with infusion 
related toxicities. Recent reports have shown that application of 
therapeutic mAb can lead to severe infusion reactions in mon-
keys and human that were found to correlate with activation of 
the complement system.6,7 Application of a chimeric anti-CD20 
mAb resulted in moderate to severe first-dose side effects, nota-
bly in patients with high numbers of circulating tumor cells.6 
Therefore, therapeutic mAbs with strongly enhanced ADCC 
activity combined with moderately reduced complement acti-
vation may have a broader therapeutic window regarding anti-
tumor activity and toxic side effects.21

The data presented demonstrate that the effector function 
profile of therapeutic mAbs can be significantly changed by 
glyco-engineering. The therapeutic window between different 
effector functions, i.e., ADCC, cytokine release and CDC, could 
be fine-tuned by adjusting the glycosylation of the particular 
therapeutic mAb.

Materials and Methods

Tumor cell lines. Tumor cell lines Ovcar-3, SKBR-3 and Kato-
III were purchased from American Type Culture Collection. The 
Lewis Y antigen density was determined by FACS analysis using 
the humanized, Lewis Y specific mAb MB311.

Generation of a stably transfected Δxyl-t/Δfuc-t double 
knockout moss line and production of humanized lewis Y 
specific mAb MB314. The humanized Lewis Y specific mAb 
MB314 (IgG1/κ) was stably produced by greenovation’s Bryo-
Master expression system using a double-knockout Physcomitrella 
patens moss cell line.27 Clones identified as positive by PCR for 
both heavy and light chain and by the presence of IgG in culture 
supernatant (48-well format) were propagated by further culti-
vation in liquid medium. Plant material was harvested from a 
photo bioreactor run and homogenized in ice cold TBSH buf-
fer (20 mM Tris, 500 mM NaCl, pH 7.4–7.5) using high pres-
sure homogenization (at 600 bar; Niro Soavi, Model Panda NS 
1001L) and sedimented by centrifugation for 20 min, at 4°C at 
9,000 rpm. The resulting supernatant was filtered through 1 μm 
glass fiber filter (Pall) and 0.45 μm HV Durapore (Millipore) and 
purified twice using Protein A chromatography. Finally, MB314 
was dialyzed against PBS using Slide-A-Lyzer® Dialysis Cassettes 
(Pierce). The yield was 25 mg MB314/364 g fresh weight.

Clinical grade material of the humanized Lewis Y-specific 
mAb MB311 was produced in SP 2.0 cells using a FCS contain-
ing hollow fiber production process and a classical down-stream 
process including a Protein A capture step.35

Analytical characterization of MB314 and MB311. 
Concentration of MB311 and MB314 was determined by mea-
suring the absorbance at 280 nm using an Ultraspec 3000 Pro 
Photometer (Amersham). Integrity, molecular weight, poten-
tial degradation products and the N-linked oligosaccharide 
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Suspension Array system 100 (Bio-Rad) as described previously 
in reference 48.

Intracellular staining of cytokine release. Analogously to 
the ADCR assay, an FACS based assay for intracellular staining 
of released cytokines was used. The Lewis Y positive tumor cell 
line (SKBR-3) and PBMCs were used as target cells and effector 
cells (E:T = 10:1), respectively, and incubated together with dif-
ferent concentrations of MB 311 or MB 314 for 5 h. Brefeldin 
A (5 mg/ml in DMSO, 1:500) at a final concentration of 10 
μg/ml was added to block the release of the cytokine from the 
Golgi apparatus. Cells were harvested, washed with PBS con-
taining 2% FCS and stained with a FITC-labeled mouse anti-
human CD14 mAb (BD PharMingen) or a mouse anti-human 
CD56 mAb as primary antibody (Immunotech) and Dylight 
488-labeled anti-mIgG as secondary antibody, or a Cy5-labeled 
mouse anti-human CD3 mAb (BD PharMingen), fixed with 
2% PFA (for 20 min), permeabilized with 0.1% saponin, and 
subsequently stained with PE-labeled mouse anti-human TNFα 
antibody or PE-labeled mouse anti-human IFNγ antibody (BD 
PharMingen). Intracellular cytokine staining was measured with 
a FACSCalibur. Gating on PBMC effector cells (and excluding 
target cells) was based on forward and side scattered light sig-
nals. As positive control, PBMC effector cells were incubated 20 
h with 1 μg/ml LPS.
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Determination of antibody dependent cellular cytotoxicity 
activity. ADCC activity was determined as previously described 
in reference 47. ADCC was tested in triplicates in a 51Cr release 
assay using various Lewis Y positive cancer cell lines as target 
cells (SK-BR-3, Kato-III and Ovcar 3). Target cells were labeled 
by incubation for one hour with 100 μCi of Na

2
51Cr

2
O

7
 solution 

in PBS, washed and plated at a density of 25 x 103 cells per well 
into 96-well microplates. Effector cells (PBMCs from a healthy 
volunteer donor) were added to the target cells at indicated 
effector:target ratios (E:T) together with serial dilutions (100 
pg-10 μg/ml) of MB311 or MB314. After incubation at 37°C 
for 16 h in a CO

2
-incubator, cell supernatants were collected and 

released 51Cr (Cs) was counted using a Cobra 5005 γ-counter 
(Canberra-Packard, Australia). Values for spontaneous release 
(Sr) and maximum release (Mr) were measured after incubation 
of representative samples with medium alone or with medium 
supplemented with detergent (25% SDS added 10 min before 
harvesting of cells), respectively. Cytotoxicity was calculated by 
the formula: specific cell lysis (%) = 100% × (Cs - Sr)/(Mr -Sr). 
The percentage cytotoxicity was plotted against the logarithm of 
the antibody concentration (ng/ml) and fitted using a sigmoidal 
four parameter fit using GraphPad Prism 4 software. EC

50
 values 

were calculated and used for quantification.
Determination of antibody dependent cytokine release. An 

ADCR assay was set up with Lewis Y positive tumor cell lines 
(SKBR-3 or OVCAR-3) as target cells and PBMC as effector 
cells together with different concentrations of MB311 or MB314, 
using xMAP multiplex technology. Following a 3 h incubation, 
ADCR, i.e., the levels of IL-1β, IL-2, IFNγ, IFNα2a, TNFα, 
MCP-1, IL-6, IL-8, IL-12 and IL-13 in the supernatant was mea-
sured using Upstate (Millipore) multiplexing kits and a Bio-Plex 
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