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Afucosylated antibodies potentiate natural killer (NK) cell-mediated antibody-dependent cellular cytotoxicity (ADCC)
by enhancing signaling pathways and cellular processes, which in turn, increases cytotoxic potential. Importantly, a
better understanding of these processes and properties will aid in exploiting them to help design therapeutic
antibodies and strategies that may be of the greatest benefit to patients.

Antibody-dependent cellular cytotoxic-
ity (ADCC) has been implicated as one of
the mechanisms by which therapeutic
antibodies mediate their antitumor
effects.1 This process is facilitated by
FcgRIIIa expressed on NK cells or macro-
phages, and the Fc portion of the tumor-
bound antibody.2 Upon engagement
between FcgRIIIa and the antibody, a
series of biochemical signaling events are
initiated that lead to the secretion of lytic
molecules toward the target cell.3

The importance of promoting ADCC
in tumor eradication has been docu-
mented in numerous studies. In preclini-
cal studies, mice deficient for the FcgR
chain are less responsive to therapeutic
antibody treatment relative to wild-type
mice.2 Further, mice treated with an
“effectorless” form of antibody that does
not interact with the Fc receptor exhibit
lower antitumor activity compared to
mice treated with the unmodified form.2

In some clinical studies, though not in
all, patients with the high affinity allele
of FcgRIIIa enjoy a better response to
therapeutic antibodies.4 The basis for
such clinical inconsistencies is not yet
known, but efforts to increase ADCC
through modification of the Fc portion
of the antibody have proceeded nonethe-
less. Toward this end, removing the

fucose moiety on the oligosaccharide
chain of asparagine 297 yields an increase
in the affinity between FcgRIIIa and the
antibody, and an overall increase in
ADCC.5 These observations prompted
the development of obinutuzumab, an
afucosylated variant of rituximab (an
anti-CD20 antibody).6 Obinutuzumab
has been recently approved by health
authorities because of its improved effi-
cacy, relative to rituximab, in chronic
lymphocytic leukemia patients.7

FcgRIIIa is also expressed on macro-
phages and can facilitate ADCC,2 as
well as antibody-dependent phagocytosis
(ADP) to drive therapeutic antibody-
mediated tumor clearance in vivo.8 Afu-
cosylated antibodies can enhance these
processes for target cell clearance;9 how-
ever, the mechanisms accounting for
such enhancement remain unknown.
Because macrophages use signaling path-
ways similar to those responsible for
ADCC in NK cells,9 understanding
mechanisms operating in NK cells may
lend insight into the mechanisms behind
the enhancement in antibody-mediated
macrophage antitumor activities.

Our studies focused on understanding
the effect of increased affinity between
afucosylated antibodies and FcgRIIIa on
the molecular and cellular mechanisms, as

well as cytotoxic characteristics, in NK
cells (Fig. 1). We used two different sets
of antibodies (afucosylated trastuzumab/
trastuzumab, and obinutuzumab/rituxi-
mab) to learn that afucosylated antibodies
increase early FcgRIIIa signaling, as well
as signaling through the Vav1, MAPK,
and PI3K pathways (Fig. 1).10 Consistent
with those observations, afucosylated tras-
tuzumab and obinutuzumab enhanced
actin rearrangement and degranulation10

(Fig. 1), 2 cellular processes essential for
cytotoxicity.

As a functional readout of these altera-
tions in molecular and cellular mecha-
nisms, we developed a microscope-based
cytotoxicity assay that permits the measure-
ment of cytotoxicity while observing the
interaction between NK and target cells.
Our experiments disclosed that afucosy-
lated antibodies increase the cytotoxic
potential of individual NK cells by increas-
ing the rate at which they lyse targets
(Fig. 1).10 In addition, afucosylated anti-
bodies enhance the cytotoxic potential of
the entire NK cell population by increasing
the number of cells that can perform multi-
ple killing events (Fig. 1).10 Thus, afucosy-
lated antibodies increase NK cell-mediated
ADCC by potentiating signaling pathways
to promote cellular processes required for
cytotoxicity, which increases the cytotoxic
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potential of individual NK cells and the
whole NK cell population (Fig. 1).

In light of the increasing focus in the
pharmaceutical industry on the use of
combined therapeutics, a better under-
standing of these mechanisms may aid in
the design of approaches to ensure that
afucosylated antibodies remain effective in
combination with other therapeutics. Spe-
cifically, in the context of the development
and use of small molecule inhibitors of
components of the MAPK, PI3K, and
other pathways important for cancer
growth and survival, concerns may arise
that these molecules may inadvertently
inhibit signaling in immune cells and thus
diminish or even disable ADCC. In
instances where signaling is diminished by

a molecule that is co-administered with a
therapeutic antibody, it obviously will
be advantageous to ensure that the thera-
peutic antibody is itself maximally capable
of driving FcgRIIIa-dependent signaling;
hence the advantage presented by afucosy-
lated therapeutic antibodies.

Another advantage of afucosylated
antibodies is the observation that lower
concentrations of these molecules, rela-
tive to the fucosylated versions, are
required to generate the biochemical
events required for adequate cytotoxic-
ity. Our studies show that approximately
2 to 20 times more trastuzumab is
required to exhibit the same phospho-
tyrosine signature as afucosylated trastu-
zumab,10 implying that the efficacious

dose of an afucosylated antibody
may be less than the efficacious
dose of its fucosylated equiva-
lent, with the attendant potential
for greater safety. This wide
range of donor-dependent
response, along with our obser-
vation that the number of NK
cells capable of performing serial
killing varies between different
target cell lines,10 indicates that
unknown factors on NK or tar-
get cells can modulate FcgRIIIa-
mediated stimulation. Molecules
and mechanisms that may be
operative in this context include
variation in the expression levels
of activating receptors like
NKG2D, which, when engaged
after the NK cell is bound to the
target cell through the antibody-
Fc receptor, leads to enhanced
signaling in a mode akin to a
functional co-receptor. Similarly,
variation in the expression level
of the target antigen, activating/
inhibitory ligands, and/or adhe-

sion molecules on different tumor types
may also influence cytotoxic properties.

These and future studies will serve
to advance the understanding of poten-
tiating therapeutic antibodies, as a
mono-therapeutic or in combination
with other therapeutics, in a way to
exploit their signaling mechanisms and
cytotoxic properties to help design and
guide strategies that may be of the
greatest benefit to patients.
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Figure 1. The increase in affinity between FcgRIIIa and afucosylated antibodies (versus fucosylated antibod-
ies) results in changes to signaling pathways, cellular mechanisms, and cytotoxic properties to enhance
ADCC. Removing the fucose moiety on the oligosaccharide chain of asparagine 297 on the antibody leads to
an increase in affinity between FcgRIIIa and the antibody, which ultimately results in increased ADCC. Our
studies show this affinity change promotes signaling, inclusive of increases in overall protein tyrosine phos-
phorylation, proximal FcgRIIIa signaling components, and the Vav-1, MAPK, and PI3K signaling pathways.
This enhancement of signaling increases the number of cells activated, actin rearrangement, and degranula-
tion, which in turn promote cytotoxic properties. These changes include an increase in the cytotoxic rate of
individual NK cells and the percentage of NK cells that can kill multiple targets. Together, these enhance-
ments to signaling, cellular cytotoxic mechanisms, and cytotoxic properties afforded by the increase in affin-
ity between FcgRIIIa and afucosylated antibodies serve to promote ADCC.
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