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EB66 cell line, a duck embryonic stem
cell-derived substrate for the industrial
production of therapeutic monoclonal antibodies
with enhanced ADCC activity
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Monoclonal antibodies (mAbs) represent the fastest growing class of therapeutic proteins. The increasing demand for
mAb manufacturing and the associated high production costs call for the pharmaceutical industry to improve its current
production processes or develop more efficient alternative production platforms. The experimental control of IgG
fucosylation to enhance antibody dependent cell cytotoxicity (ADCC) activity constitutes one of the promising strategies
to improve the efficacy of monoclonal antibodies and to potentially reduce the therapeutic cost. We report here that the
EB66 cell line derived from duck embryonic stem cells can be efficiently genetically engineered to produce mAbs at yields
beyond a 1 g/L, as suspension cells grown in serum-free culture media. EB66 cells display additional attractive growth
characteristics such as a very short population doubling time of 12-14 h, a capacity to reach very high cell density (>30
million cells/mL) and a unique metabolic profile resulting in low ammonium and lactate accumulation and low glutamine
consumption, even at high cell densities. Furthermore, mAbs produced on EB66 cells display a naturally reduced fucose
content resulting in strongly enhanced ADCC activity. The EB66 cells have therefore the potential to evolve as a novel

cellular platform for the production of high potency therapeutic antibodies.

Introduction

Monoclonal antibodies (mAbs) constitute a highly successful
class of therapeutic proteins, with applications in various fields
such as inflammatory diseases, oncology or infectious diseases.
Currently, 24 therapeutic mAbs are marketed in the US and
more than 200 mAbs are in clinical development, with this
number predicted to increase rapidly. Mammalian cell culture, in
particular the Chinese hamster ovary (CHO) cell line, emerged
as the expression host of choice for the industrial production of
therapeutic glycoproteins because of their capacity for proper
protein folding, assembly and post-translational modification.!
However, a rapid increase in the number of approved mAbs
may cause issues of limited production capacity, high produc-
tion charges and prohibitive therapeutic costs.? As a consequence,
access of the general population to such innovative therapies may
be delayed. Increasing bioreactors capacity would not reduce
sufficiently the cost of production, mainly due to downstream
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processing becoming a bottleneck. Thus, permanent efforts
have been dedicated to further improvements of the production
yields achieved by current mammalian systems.? Besides such
developments, alternative production systems have been recently
explored that could produce proteins with enhanced therapeutic
indexes and hence with the potential for lower production costs.*

Antibodies are glycoproteins composed of two heavy and two
light chains with a high specificity against defined antigen.> The
Fc portion of immunoglobulin G (IgG) possesses one conserved
glycosylation site at Asn-297 in each of the CH2 domains, where
complex biantennary type oligosaccharides are attached.® These
carbohydrate moieties are essential to the therapeutic efficacy
by providing the antibodies with the ability to activate comple-
ment and to bind to Fcy receptors (FcyRs) of effector cells.” In
cancer treatment, the antibody ADCC function is thought to play
a critical role in clinical efficacy in humans.®® Lack of fucose on
human IgGl1 oligosaccharide was demonstrated to improve the
binding to Fcy receptor Illa (FeyRIIIa) present on effector cells,
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Figure 1. DNA transfection of duck EB66 cells. An expression vector encoding the red fluorescent protein (DsRed) was transfected into EB66 cells at
increasing amounts. (A) 48 h post transfection, viable cells were counted and viability was assessed by a trypan blue exclusion. (B) Efficiency of DNA
transfection was determined by flow cytometry analysis of the cells expressing DSRed. High fluorescent cells were gated to specifically determine the
percentage of EB66 cells expressing dsRed at high levels. NT: non-transfected cells.

e.g., natural killer (NK) cells, and thereby enhance ADCC."*
The control of IgG fucosylation is thus one of the promising
approaches currently under active investigation to improve the
potency of therapeutic antibodies and possibly reduce costs.
Production of non-fucosylated therapeutic antibodies has been
mostly achieved through glycoengineering strategies in CHO
cells," but some species naturally have the capability to produce
glycoproteins with low fucose. Raju et al."? reported that chicken
IgGl contain complex glycans with naturally reduced fucose
content compared to other species. This peculiarity of avian gly-
cosylation was confirmed by the production of a human IgGl in
eggs of transgenic chicken.”® Such transgenic IgGs were found
to harbor N-glycans with low fucose content and exhibit an
enhanced ADCC.” Therefore, a continuous avian cell line that
displays “industrial friendly” characteristics, i.e., genetic stability,
proliferation in stirred-tank bioreactors to high cell densities as
suspension cells, growth in serum-free media, short population
doubling time, and is amenable to genetic engineering to produce
IgG could be a valuable alternative for the production of thera-
peutic mAb with an enhanced biological activity.

Over the past ten years, we established and developed a pro-
prietary avian embryonic stem (ES) cell based platform, which
involved the isolation of chicken or duck embryonic stem cells
and derivation thereof of stable cell lines without genetic, viral
or chemical modifications." The duck EB66 cell line was thus
derived following a multi step process permitting the selection of
stable cell lines that maintain some of the unique biological prop-
erties of ES cells, such as the expression of ES cells specific mark-
ers, e.g., telomerase, SSEA-1, EMA-1, the ability to indefinitely
self-renew in vitro and a long-term genetic stability.”® Moreover,
EBG6 cells have the capacity to proliferate in stirred-tank biore-
actors to high cell densities as suspension cells in serum-free or
chemically defined culture media. These cells have been demon-
strated to be highly susceptible to a very broad range of human
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and animal viral vaccines and are considered as an alternative for
the cost-effective manufacturing of vaccines currently produced
in chicken eggs or in primary chicken embryonic fibroblasts.'®
Such attractive cell growth properties, coupled with their avian
origin and their ability to be efficiently genetically engineered,
could also make such cells an attractive platform for the produc-
tion of mAbs with reduced fucose content and enhanced ADCC
activity.

In this report, we demonstrate that EB66 cells can indeed be
efficiently genetically engineered and that stable mAbs expressing
clones can be isolated, expanded and grown in stirred-tank bio-
reactors for the production of mAbs at yields beyond 1 g/L. We
furthermore show that mAbs purified from EB66 cells display
a glycosylation profile similar to the one of mAbs produced on
CHO cells, although with a strongly reduced fucose content that
significantly enhanced ADCC activity.

Results

DNA transfection of EBG6 cells. EB66 cells have the attractive
capability of growing as adherent or suspension cells and can be
transfected under both states by various common transfection
procedures, e.g., lipofection, polyfection, electroporation, nucleo-
fection. Nucleofection was found to be the most efficient system
to transfer a plasmid expression vector into EB66 cells (data not
shown) and was selected for further optimization. Optimization
of nucleofection efficacy was performed by assessing various
factors, e.g., nucleofection programs according to the manufac-
turer, cell concentration, total cell number, DNA concentration.
Using an expression vector for the dsRED reporter gene, good
cell viability was conserved at 48 h post DNA nucleofection,
although the overall cell density is reduced when compared to
non-transfected cells (Fig. 1A). Furthermore, DNA was not toxic
to the cells since stable viability and cell density were found in
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Figure 2. Cell culture growth characteristics and monoclonal antibody production. A stable EB66 clone producing a monoclonal antibody target-
ing an undisclosed antigen “X” was selected for analysis of its growth properties in 100 mL Erlenmeyer flasks. The population doubling time (PDT)
was determined by routine culture of the EB66 producer clone during 30 d (A) and the cell density and antibody production yield was assessed in a
fedbatch experiment in which glucose and glutamine concentrations were maintained by addition of concentrated media formulation at 10 g/L and
2 mM, respectively (B). A metabolic analysis (C) was performed by daily analysis of cell culture supernatant samples for the concentration of glucose
(dark circles), glutamine (open squares), lactate (dark squares), ammonium (dark triangles) and glutamate (open circles).

the absence of DNA or presence of increasing concentration of
transfected DNA from 10-30 pg. Interestingly, increasing the
concentration of transfected DNA correlated with an increase in
both the percentage of transfected cells from 60 to 80%), and the
frequency of cells transiently expressing elevated levels of dsSRED
from 10-40% (Fig. 1B). This observation was confirmed by
establishing stable EB66 clones expressing a mAb, where an
increase in transfected DNA concentration also correlated with
an increase in the frequency of stable cell clones expressing higher
levels of antibody (data not shown).

Production of monoclonal antibodies in stably transfected
EB66 cells. A series of stable EB66 cell lines producing a chi-
meric IgGl anti-cancer mAb targeting an undisclosed antigen,
referred to here as anti-X mAb, was generated by nucleofection
and selection for resistance to Geneticin. A stable EB66 clone
selected among the best antibody producers was further stud-
ied for its antibody production yield and glycosylation profile.
The routine culture of this clone in Erlenmeyer confirmed some
of the unique attractive biological properties observed with the
parental EBG6 cell line, such as a very short population doubling
time of 12 h (Fig. 2A), the ability to reach very high cell densi-
ties (above 30 millions cells/mL) (Fig. 2B) and an unexpected
negligible accumulation of ammonium and lactate and a very
low consumption of glutamine (Fig. 2C). The latter data sug-
gest that duck EB66 cells hold a cellular metabolism potentially
advantageous for industrial upscaling, and different from that
of mammalian cells. In addition, amplification of the selected
EBG66 producer clone in Erlenmeyer flasks using a standard fed-
batch culture strategy led to the production of 1.28 g/L of IgGl
after 8 d in culture with a maximal cell density of approximately
36 million cells/mL at day 4 (Fig. 2B). Production yields of
0.9 g/L were also obtained using the same clone in a 2L stirred-
tank bioreactor under basic non-optimized fedbatch conditions
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(data not shown). The progressive cell death from day 4 to day
8 in culture, concomitant to the accumulation of the mAbs in
the cell culture supernatant, did not result in any significant
degradation of the secreted antibody, as assessed by size exclu-
sion high performance liquid chromatography (HPLC) of crude
cell supernatant and by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), western blot and size exclu-
sion HPLC analysis of the protein-A purified mAbs (data not
shown). In addition, analysis of the protein A-purified mAbs by
size exclusion HPLC also showed no or minimal aggregation of
the purified protein, with more than 98% of the mAbs identified
as monomers (data not shown).

Glycosylation profile of monoclonal antibodies produced
on EBGG6 cells. In order to determine the glycosylation profile
of mAbs produced by EB66 cells, the anti-X mAb was purified,
treated by N-glycosidase, permethylated and analyzed by matrix
assisted laser desorption/ionization time-of-flight mass spec-
trometry (MALDI-TOE-MS). In parallel, the coding sequences
of the heavy and light chains of a chimeric anti-CD20 IgGl
antibody were synthesized to be the same as that of rituximab,
cloned in the expression vector and expressed in stably trans-
fected EB66 clones. The anti-CD20 antibody was purified,
similarly analyzed by MALDI-TOF-MS, and compared to the
commercial chimeric anti-CD20 rituximab antibody produced
on CHO cells.

As expected, commercial rituximab was characterized by
the predominant presence of fucosylated biantennary GOF,
GI1F and G2F glycoforms that together represented 95% of the
total glycans while the non-fucosylated GO, G1 and G2 glyco-
forms account for only 1.1% together (Fig. 3A). Exposure of the
EBG66-produced mAbs to fucosidase provided indirect evidence
that duck EBG66 cells, similar to mammalian cells, add fucose
in an alpha 1-6 linkage (data not shown). The high mannose
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Figure 3. Comparative N-linked oligosaccharide analysis of CHO- and EB66-produced antibodies. The N-glycan analysis was performed by time-of-
flight mass spectrometry (MALDI-TOF-MS) on the commercial anti-CD20 rituximab antibody produced on CHO cells, as well as on an EB66-produced
anti-CD20 antibody with the same sequence than rituximab. A second EB66-produced antibody targeting an undisclosed target “X” was also included
in the study. Results are presented for each group of oligosaccharide as the percentage of total glycans. GO, G1 and G2 are non-fucosylated
nongalactosylated, non-fucosylated monogalatosylated, non-fucosylated digalactosylated oligosaccharides, respectively. GOF, G1F and G2F are
fucosylated nongalactosylated, fucosylated monogalatosylated, fucosylated digalactosylated oligosaccharides, respectively. “Others” represent the

hybrid glycans and tri-antennary glycans, with or without fucose.

glycoforms account for 1% of the total glycans (Fig. 3A). In con-
trast, both the anti-CD20 and the anti-X antibodies produced on
EBG6 cells display strongly reduced fucose content. Both IgGs
are characterized by the predominant presence of non-fucosy-
lated biantenary oligosaccharides that accounts for 60% of the
total oligocaccharides (Fig. 3A), while the fucosylated oligosac-
charides represent only 40% of the total population (Fig. 3A).
High mannose structures account for around 3% of the total
oligosaccharides on antibodies produced in EB66 cells (Fig. 3A).
No significant differences in the percentage of Neuraminic-N-
acetyl sialic acid were detected between the CHO- and EB66-
derived antibodies, with a presence accounting for 2% of the
total oligosaccharides (data not shown). Interestingly, analysis of
the individual fucosylated and non-fucosylated GO, G1 and G2
glycoforms for the two EB66-produced mAbs reveals a grossly
similar pattern of relative distribution between the fucosylated
and non-fucosylated individual glycoforms (Fig. 3B). The anti-X
mAb harbors a higher proportion of G1 and GIF while the EB66
anti-CD20 mAbs harbors a higher proportion of GO and GOF,
similar to the anti-CD20 rituximab, which also displays a higher
proportion of GO and GOF glycoforms (Fig. 3B). Whether such
distributions of individual glycoforms are clone-specific or anti-
body specific remain to be further investigated.

Importantly, this peculiar glycosylation profile of EB66-
derived IgGs is stable for a given EB66 producer clone as dem-
onstrated by the analysis of the anti-X antibody produced and
purified at successive cell culture generation 1, 43 and 105
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(Fig. 4A) or using different culture fedbatch strategies leading
to different antibody production yields (Fig. 4B). In all cases,
non-fucosylated glycoforms account for around 60% of total gly-
cans, irrespective of the generation number or fedbatch strategy
selected. Furthermore, the relative distribution of the individual
fucosylated and non-fucosylated GO, G1 and G2 glycoforms was
also found to be stable in culture (Fig. 4C and D).

EB66-produced monoclonal antibodies display an enhanced
activation of natural killer cells. Activation of NK cells by the
chimeric anti-X antibody produced on EB66 or CHO cells was
assessed by flow cytometry analysis of the percentage of NK cells
expressing INFy (Fig. 5A and B) or the CD107 marker (Fig. 5C
and D), when incubated with tumor cells expressing the target
antigen “X” and effector cells from two healthy human donors.
NK cells were cultured either without Interleukin 2 (IL-2) or
with 5 or 100 units of IL-2. In all culture conditions, IgG1 from
EBG6 clone displayed higher NK activation compared with the
same IgGl1 produced in CHO cells (Fig. 5).

EB66-produced monoclonal antibodies display an enhanced
ADCC activity. A comparative study was performed in parallel
on two independent mAbs produced on EB66 and CHO cells
to assess the influence of the cell production substrate and
glycosylation profile of the producer mAbs on ADCC activity.
The selected antibodies were the anti-CD20 IgGl (Fig. 6A)
and anti-Z IgG1 mAb (Fig. 6B) directed against an undisclosed
cancer target that was different from the one recognized by anti-X
mAb previously discussed.
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Figure 4. Stability of the glycosylation profile of EB66-produced monoclonal antibodies. An individual EB66 clone producing the anti-X antibody was
selected for its production yields and expanded under fixed culture conditions for 105 generations. Monoclonal antibody batches were purified with
EB66 cultures arrested at generation 1,43 and 105 and were analyzed for their N-linked oligosaccharides composition (A and C). In parallel, an analysis
of glycosylation was performed on purified antibody batches prepared from the same EB66 producer clone grown under three fedbatch conditions
differing in the feeding strategies and leading to different production yields (B and D).

The anti-hCD20 antibodies were tested using the human
Raji cell line as target cells and human peripheral blood mono-
nuclear cells (PBMC) from either a donor homozygous for
FeyRIITa-158V (VV) or a donor homozygous for FcyRIIla-
158F (FF) (Fig. 6A). This genetic polymorphism at position
158 of the FcyRIIIa receptor was reported to modulate the effi-
ciency of binding of human IgGl to the receptor, and hence the
ADCC activity, with the FcyRIIIa-158V (VV) genotype result-
ing in a higher affinity to the antibody Fc moiety and a stron-
ger ADCC activity.® The FcyRIIla receptor polymorphism
was also reported to influence the clinical therapeutic activ-
ity of the commercial CHO-produced anti-CD20 rituximab
antibody.””?° Irrespective of the FcyRIIIa receptor genotype of
the effector cells, a significantly stronger specific lysis of target
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Raji cells was obtained with the EB66-produced anti-CD20
IgG (Fig. 6A), confirming a previous report by Niwa et al.?! At
a concentration of 1 pg/mL of IgG, maximum specific target
lysis was increased 2.5-fold (donor VV) and 4-fold (donor FF)
with EB66-produced IgG compared to the CHO-produced
commercial rituximab. Furthermore, the concentration of anti-
bodies required to achieve a similar specific target cells lysis
was 40-fold (donor VV) and 100-fold (donor FF) lower for
EBG66-produced IgG compared to the CHO-produced ritux-
imab (Fig. 6A).

The enhanced ADCC activity of EB66-produced antibod-
ies was further confirmed using a second antibody, anti-Z mAb
(Fig. 6B). Antibody batches purified from four independent ran-
domly selected EB66 producer clones were tested for their ADCC
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Figure 5. Comparative analysis of the activation of Natural Killer cells by CHO- and EB66-produced antibodies. Efficiency of activation of NK cells
purified from two independent healthy human donors was assessed in parallel for the monoclonal antibody targeting the undisclosed target “X” and
produced either on CHO or on EB66 cells. Induction of expression of INFy (A and B) and of the membrane antigen CD107a (C and D) was determined by
flow cytometry with NK cells cultured without Interleukin 2 (IL-2) or with 5 or 100 units of IL-2.

activity towards a human tumor cell line expressing the target
antigen, using non-genotyped human PBMCs as effector cells.
As expected, all four antibody batches displayed an enhanced
ADCC activity when compared to the same antibody produced
from CHO cells (Fig. 6B), confirming and extending previous
results obtained with the anti-CD20 antibody.

Influence of the percentage of non-fucosylated IgGs glyco-
forms on the ADCC activity. Analysis of a large series of inde-
pendent stable EB66 clones producing different IgGs has revealed
that the glycosylation profile, and especially the lower fucose
content, is a well-conserved characteristic of EB66-produced
antibodies. However, a variation was observed between the indi-
vidual EB66 producer clones in the percentage of the total non-
fucosylated glycoforms, which can range from 40-80% of the
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total glycans. While this glycosylation profile was found to be
stable within each clone, as illustrated in Figure 4, the question
was raised on the influence of this variable fucose content on the
ADCC activity of the antibodies produced by the selected stable
EBG66 producer clones.

In order to more specifically assess the correlation between
the ADCC activity and the percentage of fucose in the tested
antibodies, anti-X mAb was produced and purified from three
individual EBG66 clones previously identified and specifically
selected for their ability to produce IgGs with increasing pro-
portions of total non-fucosylated glycoforms (Fig. 7). Analysis
of the ADCC activity of these three batches of anti-X antibody,
which comprise 29, 48 and 82% of total non-fucosylated oli-
gosaccharides, respectively, shows that a percentage of only
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oligosaccharides. In contrast, a proportion of 29% of

non-fucosylated oligosaccharides leads to much weaker
ADCC activity (Fig. 7).

In vivo clearance of EB66-produced monoclonal
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antibodies in mice. Glycosylation plays a major role

in controlling the in vivo half-life of antibodies. Given
the lower fucose content of EB66-produced antibodies
compared to CHO-produced antibodies, a comparative
assessment of the in vivo halflife of CHO-and EBG66-

produced antibodies was performed in mice. Although
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this animal model is poorly relevant to humans in fully
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predicting the pharmacokinetics of glycoproteins, it can
was used as a preliminary model to evaluate the in vivo
clearance of the CHO- versus the EB66-produced IgGs.
The EB66-produced anti-X mAb and the commer-
cial CHO-produced rituximab were injected via the
retro orbital sinus route into BALB/c mice at doses of 10
. T T Y ) mg/kg and 20 mg/kg and blood samples were collected
107 10 10 10° 10° 102 regularly and monitored by ELISA for the concentra-
[lgG1] ug/mL tion of the human IgGs. The kinetics of clearance was
similar for CHO- and EB66-produced IgGs (Fig. 8),
with approximately 50-60% of the administrated IgGs
Figure 7. Inﬂuer.\ce of the pe.rcentage of.fucosylatior.m on t“h?, ADCC activity. The cleared during the a—phase, and the remainder elimi-
monoclonal antibody targeting the undisclosed antigen “X” was produced and nated within the B—phase. An in vivo halflife (tl/Z) of

purified from three individual EB66 clones specifically selected for the produc- .
tion of IgGs with increasing proportions of total non-fucosylated glycoforms approximately 10 d for 10 mg/kg and 12 d for 20 mg/

of 29, 48 and 82%, respectively. The three batches of purified antibodies were kg was determined for both CHO- and EBGG—produced
tested for their ADCC activity as indicated in Materials & Methods, using effector IgGs.

cells from a single human donor. The mean values of specific target cell lysis
+S.D. of triplicates are shown.

ADCC (% of specific cell lysis)

Discussion

49% of non-fucosylated oligosaccharides is sufficient to pro- The high production and treatment costs associated with the
vide a maximum ADCC activity, similar to the ADCC activity  use of therapeutic mAbs is a strong incentive to the development
observed with the IgG batch containing 82% of non-fucosylated  of antibodies with higher potencies, in particular antibodies

www.landesbioscience.com mAbs 411



>

100

-
o
1

= |gG-X (EB66)
O Rituximab (CHO)

% of injected dose

vy)

0 5 10 15 20 25
Days after injection

100
[0}
172
[e]
o)
el
g 4ol
Q2
£
=
(]
L = IgG-X (EB66)
o Rituximab (CHO)
1 T T T T 1
5 10 15 20 25

Days after injection

of the elimination B-phase.

Figure 8. In vivo clearance of EB66-produced monoclonal antibodies in mice. BALB/c mice were injected via the retro orbital sinus route with the com-
mercial CHO-produced anti-CD20 rituximab antibody and its counterpart anti-CD20 antibody produced on EB66 cells at 10 mg/kg (A) or

20 mg/kg (B). The antibody concentrations in plasma were monitored using a human IgG-specific ELISA. The serum concentration 5 min after injection
is considered as 100%. Data are the mean + S.D. of four animals per group. The serum half-life of the administrated IgG1 was calculated from the slope

with enhanced ADCC activities.”"”*' Since ADCC activity is
predominantly controlled by the presence of core fucose in the
N-linked oligosaccharides at position Asn-297 of the Fc frag-
ment, glycoengineering is considered by many as a promising
approach to improve the specific biological activity of therapeu-
tic mAbs. Most strategies currently under development are thus
focused on genetic engineering of the hamster CHO cell line
to reduce or eliminate the cell line ability to synthesize fucose.
For instance, overexpression of ((1,4)-N-acetyl-glucosamin-
yltransferase III (GnTIII) in CHO cells, a glycosyltransferase
catalyzing the addition of the bisecting GlcNac residue to the
N-linked oligosaccharide, and thus restraining fucosylation,
was showed to confer to the cell line the ability to produce anti-
bodies with enhanced ADCC activity.?*?4 An alternative strat-
egy is the experimental knockdown in CHO cells of two key
genes involved in oligosaccharide fucose modification, al,6-
fucosyltransferase (FUT8) and GDP-mannose 4,6-dehydratase
(GMD).»% Several preclinical and clinical trials using non-
fucosylated antibodies generated with such engineered CHO
cell lines are currently underway.

Beside CHO cells, alternative production systems such as
yeast, Lemna minor algae or Psyscomitrilla patens moss have
also been recently considered for glycoengineering with the
aim to produce non-fucosylated antibodies with enhanced
ADCC activity.®*** While these systems may offer attractive
potential advantages such as cost-effectiveness compared with
mammalian cell cultures and a reduced risk of the presence
of animal adventitious agents, they also present some natural
drawbacks such as the presence of non-human oligosaccharides
that may elicit in humans an immune response and alter the
pharmacokinetics of the antibodies. Humanization of such yeast
or plant production hosts by glycoengineering, i.e., elimination
of endogenous genes responsible for undesired glycosylations
and introduction of human genes controlling the preferred
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glycosylations, is therefore warranted and is currently actively
pursued by several investigators.?%

Some cells naturally produce proteins with lower fucose
content. The critical role of the FUT-8 gene in fucosylation
and the correlation between low FUT-8 expression and higher
ADCC activity of the produced antibodies was thus initially
reported for the rat hybridoma Y2B/0 cell line.® Such cells
transfected to stably produce an IgGl were shown to naturally
express low levels of FUT-8 mRNA leading to the production
of antibodies with a low fucose content and increased ADCC
activity, while overexpression of FUT-8 in Y2B/0 cells led to an
increase of fucosylated oligosaccharides and a decrease in ADCC
activity.” Although such cells have been considered as a potential
production host for antibodies with enhanced ADCC, their poor
growth performances, sanitary characterization and traceability
hindered their industrial development.

The duck EB66 cell line has been generated and developed as
an alternative production system to chicken eggs for the industrial
manufacture of human and veterinary vaccines.'*' EB66 cells
were derived from duck embryonic stem cells with no genertic,
viral or chemical modifications to gain benefits from some of the
unique biological properties of ES cells, in particular the strong
expression of telomerase controlling the longer-term genetic sta-
bility of the cells. In addition, such cells were adapted to grow
in suspension in serum-free or chemically defined culture media
and were shown to efficiently propagate both at small scale and in
stirred-tank bioreactors up to a 250L scale.'*'® A master cell bank
(MCB) and a post-production cell bank (PPCB) were produced
in compliance with the Good Manufacturing Practices (GMP)
and were fully and extensively characterized for their sanitary
status according to international guidelines. A Biological Master
File compiling all traceability and characterization data was filed
with the US Food and Drug Administration in 2008. While this
duck EB66 cell line was originally developed for the production

Volume 2 Issue 4



of viral vaccines, the fact that avian species have been described
to naturally produce proteins with low fucose content prompted
this investigation on the use of the duck EB66 cells for the pro-
duction of antibodies with reduced fucose content and enhanced
ADCC activity.!*?

We report here that EBGG cells can be efficiently DNA
transfected and that stable antibody producer clones can be iso-
lated using standard selection procedures. In addition, we dem-
onstrate that the producer clones are characterized by a very short
population doubling time of less than 15 h and that these cells
can reach very high cell densities (above 30 million cells/mL)
in standard Erlenmeyers or stirred-tank bioreactors cultures.
Intriguingly, EB66 cells were also found to accumulate only
very limited ammonium and lactate and consume little gluta-
mine, even when grown at very high cell densities. Although the
metabolism profile of duck EB66 cells remains poorly character-
ized and must be better defined, such results may imply a poten-
tially advantageous behavior during culture upscaling compared
to mammalian cells known to rapidly accumulate toxic metabo-
lites. Finally, with limited optimization in the production pro-
cess, mAb production yields higher than 1 gram per liter were
obtained, with a very short cell culture kinetic of 8 d and a peak
of cell viability at 4 d. Such high cell densities (up to 50 million
cells/mL) and very short culture kinetic suggest that a lengthen-
ing of the cell culture viability by a few days should further sig-
nificantly improve the production yield. This is currently under
investigation through an optimization of the cell culture feeding
strategy. Altogether, these results suggest that duck EB66 cells
harbor a combination of unique properties very attractive for the
industrial manufacture of antibodies: short doubling-time, high
cell density, low accumulation of toxic metabolites and high pro-
duction yield.

A detailed characterization of the glycosylation profile was
performed on three independent mAb candidates produced on
EBGG cells. This analysis confirmed that EB66-produced anti-
bodies display a low fucose content, with non-fucosylated gly-
coforms accounting for over 50% of the total oligosaccharides,
while CHO-produced antibodies comprise a proportion of less
than 5% of non-fucosylated oligosaccharides. Importantly,
no abnormal oligosaccharides were detected and the percent
age of sialic acids and high mannose glycans were low and very
similar to those obtained with CHO-produced antibodies.
No conclusion could be drawn on the presence or absence of
N-glycolylneuraminic sialic acids (NGNA) and alpha-Gal xeno-
geneic antigens on the EB66-produced antibodies. Of interest,
these oligosaccharides are known to be immunogenic in humans,
but have been reported to be absent in avian species.'* Absence
of such glycans could provide the EB66 cell line with an addi-
tional advantages for the production of antibodies with lower
risks of immunogenicity. This assumption remains to be more
thoroughly assessed in a future study. The glycosylation profiles
of different antibody batches purified from independent EB66
producer clones were also found to be relatively constant, with all
batches displaying low fucose content; however, the percentage
of non-fucosylated oligosaccharides did vary among the batches
from different individual EB66 producer clones, accounting
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from 30-80% of the total glycoforms depending of the EB66
clone tested. This glycosylation profile was shown to be stable,
with no major influence of the cell line passage level or fed-
batch process on the percentage of non-fucosylated glycoforms,
although the study was performed on one EB66 producer clone
only and must be extended to a larger number of independent
individual clones to draw a more definitive conclusion. Finally,
a comparative study in BALB/c mice confirmed that the in vivo
clearance of EB66-produced antibodies is similar to the clearance
of CHO-produced antibodies. Although of limited relevance to
predict the pharmacokinetic of EB66-produced antibodies in
humans, such data indicate that no major differences affecting
the antibody clearance are observed when compared to CHO-
produced antibodies.

As expected, the low fucose content of EB66-produced anti-
bodies was correlated with an enhanced activation of human
NK cells, as measured by the expression of the Interferon-y and
CD107 genes and with a strongly increased ADCC activity for
all tested antibodies, irrespective of the genotype of the FcyRIIla
gene in the effector cells.?! In contrast to EB66-produced anti-
bodies, and as previously described,” ' the CHO-produced anti-
bodies were more biologically active with effector cells with the
FeyRIMa-158V (VV) genotype, but in all cases were much less
active than their EB66-produced counterparts. By selecting indi-
vidual EB66 clones producing the same antibody with increasing
amounts of non-fucosylated oligosaccharides, it was furthermore
possible to establish that antibodies with a proportion of non-
fucosylated oligosaccharides of 48% were as biologically active
as antibodies with 82% of non-fucosylated oligosaccharides.
In contrast, a ratio of 29% of non-fucosylated oligosaccharides
was insufficient to enhance the ADCC activity of the antibody
to optimal levels. While the reason for these variations in the
percentage of antibody fucosylation among individual EB66
producer clones is unclear and must be further assessed, the
observation that reducing fucosylation beyond 50% may not be
required to achieve maximal is consistent with previous reports
using mAbs produced on glycoengineered CHO cells or on rat
Y2B/0 cells.”3% These results furthermore support predictions
from earlier structural models that only one of the two Fc-fucose
residues needs to be absent for increased binding affinity towards
FeyRIIIa.®

In summary, the unique biological properties of the duck
EBG6 cell line, together with their extensive sanitary characteriza-
tion according to current international guidelines, provide these
cells with the potential to evolve as a standard cellular platform
for the industrial production of therapeutic mAbs with increased
ADCC activity, and beyond, for the production of therapeutic
proteins.

Materials and Methods

Cell culture. Suspension EB66 cells are maintained in routine cell
culture at 37°C in the EX-CELL EBx-GRO-I medium (SAFC-
Biosciences, St. Louis, USA) supplemented with 2.5 mM of
L-glutamine. For small scale experiments in Erlenmeyers, cells are
maintained in agitation at 7.5% CO, in a humidified atmosphere.
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For larger scale experiments (2 L stirred-tank bioreactors), cell
culture are performed in a fed-batch process at 37°C, pH 7.5
with an oxygen partial pressure at 50%, a control of glucose at
10 g/L and Glutamine at 2 mM.

Expression vectors. EB66-specific expression vectors were
developed that comprise a single mptll resistance cassette to
allow plasmid amplification in Escherichia coli and clone selec-
tion after transfection in EB66 cells. The nptIl gene encodes the
neomycin phosphotransferase protein and provides a resistance to
Kanamycin in prokaryotic cells and to Neomycin in eukaryotic
cells. Genes encoding a red fluorescent protein (DsRed gene from
pDsRed2-nuc, Clonetech USA) or human antibody light chain
and human antibody heavy chain were cloned in tandem under
the control of regulatory sequences specifically selected for good
expression in duck EBG66 cells.

DNA transfection. A red fluorescent protein expression vector
was transiently transfected by nucleofection (Amaxa, Germany)
in suspension EB66 cells in Ultra-Low Attachment six-well
plates. DsRED expression was measured by flow cytometry
48 h after transfection. A control of nucleofection was per-
formed under similar experimental conditions, but without
added DNA. Establishment of stable antibody producer clones
was achieved by transfection of the IgGl expression vectors in
adherent EBG6 cells grown in serum free medium imMEDI-
Ate ADVANTAGE™ Ex66522 (SAFC-Biosciences, St. Louis,
MO, USA) supplemented with 2.5 mM of L-glutamine. After
Geneticin selection, resistant clones were isolated and grown as
suspension cells in culture medium supplemented with 0.15 mg/
mL of Geneticin in Ultra-Low Attachment 96-well plates. IgGl
expression was monitored by an anti-human Fast ELISA® detec-
tion kit (RD Biotech, France). The best producing clones were
amplified successively in 24-well plates, six-well plates, 100 mL
Erlenmeyer and 2L stirred-tank bioreactors.

Purification of monoclonal antibodies. Recombinant anti-
bodies were purified from EB66 culture supernatant using stan-
dard procedures based on Protein A-affinity chromatography
using MabSelect™ (Amersham Biosciences) and were stored in
100 mM glycine HCI/100 mM tris-HCI (pH 8). Antibody integ-
rity was analyzed using a SE-HPLC Superdex™ 200 (Amersham
Biosciences).

Analysis of N-linked oligosaccharides in purified mono-
clonal antibodies. Glycosylation profiling was carried out by
Proteodynamics (Clermont-Ferrand, France). N-linked oli-
gosaccharides were released by digestion of antibodies with
N-glycosidase F (Roche, Switzerland). The released carbohy-
drates were permethylated and analyzed using a matrix assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOE-MS) with positive ion mode.

Activation of natural killer cells. NK cells were isolated from
two healthy donors and cultured without Interleukin 2 (IL-2)
or with 5 or 100 units of IL-2. Tumor cell lines selected for the
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expression of the undisclosed target “X” were amplified and incu-
bated with anti-X mAb and NK cells. Detection of INFy was
measured by intracellular staining with an anti-INFy antibody
coupled with phycoerythrin (PE). Degranulation of NK cells was
assessed with a PCy5-conjugated CD107a mAb (BD Bioscience).
Cells were analyzed by flow cytometry (Beckman Coulter).

Antibody-dependent cell cytotoxicity assays. Cytotoxic activ-
ity was assessed using a standard *'Cr-release assay.”> The ADCC
activity of purified anti-human CD20 antibodies was measured
using human Raji cells as targets and PBMC from two human
donors as effector cells, a donor homozygous for FcyRIIIa-158V
(VV) and a donor homozygous for FcyRIIIa-158F (FF). Target
cells were labeled with 100 wCi *'Cr for 1 h at 37°C, washed four
times with culture medium (RPMI supplemented with fetal calf
serum), and then plated at the Effector:Target cell (E:T) ratio
of 30:1 in a 96-well flat plate. The anti-Her2/neu mAb trastu-
zumab (Roche, Switzerland) was used as a negative control. For
ADCC assays, the indicated mAb was incubated with target cells
for 20 min before addition of effector cells. After 4-h incuba-
tion at 37°C, 25 pl of supernatant were removed from each well
and added on a LumaPlate™ (PerkinElmer). The *'Cr activity
was counted in a scintillation counter. Each test was performed
in triplicate. The results are expressed as the percentage of
lysis, which is calculated according to the following equation:
(experimental release - spontaneous release)/(maximal release -
spontaneous release) x 100. Experimental release represents the
mean count per minute (cpm) for the target cells in the presence
of effector cells, spontancous release represents the mean cpm
for target cells incubated without effector cells, and maximal
release represents the mean cpm for target cells incubated with
1% Triton X-100. For anti-cancer antibody molecules anti-X or
anti-Z, specific tcumor cells were used as target cells.

Pharmacokinetic study in BALB/c mice. Evaluation of IgG
half-life in mice was carried out by the Mouse Clinical Institute
(Illkirch, France). Antibodies were administered via the retro
orbital sinus route at a dose of 10 mg/kg and 20 mg/kg to female
BALB/c mice aged 7 wks. Blood samples were collected from
four animals per treatment group per time point at 5 min, 6 h,
24 h, 7 days, 14 ¢ and 21 c after administration. The samples
were collected by tail clip into tubes containing potassium EDTA
as anticoagulant and processed to plasma. Plasmas were stored at
-80°C until anti-human Fast ELISA® analysis.
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