


with B16F10 tumor cells and studied the effect of antibody
treatment. The TA99 antibody, specific for the gp75 tumor
antigen, induced a profound protective effect in wild-type mice,
which was abrogated in FcR g-chain�/� mice (Fig. 1). These
results confirmed an earlier report, exemplifying the importance
of activating FcgR in antibody-mediated antitumor effects (6).
We then did experiments in FcgRI and FcgRIII knockout mice.
FcgRI represents the sole FcgR class capable of binding
monomeric IgG with high affinity (2) and can potently initiate
various immune cell functions, including antibody dependent
cell-mediated cytotoxicity; antigen uptake; and induction of
antigen presentation (12). FcgRI�/� mice exhibit various defects,
such as an impaired phagocytosis of IgG2a-immune complexes,
impaired ADCC, and antigen presentation (12). FcgRIII plays a
role in anaphylactic and inflammatory responses (13). Antibody
TA99 induced a profound antitumor effect in FcgRIII knockout
mice (Fig. 1). Expression of FcgRI proved essential for mAb

TA99-mediated effects, as antibody treatment in FcgRI�/� mice
induced no therapeutic effect (Fig. 1). These data indicated
FcgRI to be instrumental for the TA99-induced effects.
Choice of antibody isotype can influence binding to Fcg

receptors. Mouse IgG2a antibodies can bind FcgRI and FcgRIII,
albeit with far higher affinity to FcgRI (12). However, in the case
of the absence of FcgRI, the TA99 antibody should still be able
to bind to FcgRIII, thus not explaining the dramatic effect on
antitumor response in FcgRI�/� mice. If an antibody of another
subclass would be employed (e.g., IgG1), different results might
be expected, although this antibody would still be able to bind
to FcgRI. Very recently, a new class of murine FcgR, FcgRIV, has
been characterized as an IgG2a and IgG2b receptor (3). Because
the effect of TA99 antibody was observed to be absent in
FcgRI�/� mice, FcgRIV may play only a minor role, if any, in
TA99 antibody-induced effects.
We next evaluated the influence of MPL on TA99-induced

antitumor effects. MPL is a TLR-4 agonist, which has similar
adjuvant properties as LPS, without inducing toxicity (9). With
suboptimal amounts of TA99 or MPL used as monotherapies,
mice developed metastases (Fig. 2). Combination of TA99

Figure 1. FcgRI is essential for antitumor effects induced by TA99 antibody.
Wild-type, FcR g-chain�/�, FcgRI�/�, or FcgRIII�/� mice were challenged i.v.
with 1.5 � 105 B16F10 tumor cells and injected i.p. with 200 Ag mAb TA99 or
PBS (control) on days 0, 2, 4, 7, 9, and 11. After 21 days, mice were sacrificed,
lungs were excised, and tumor loads were scored as detailed in Materials and
Methods. A, lungs of FcgRI�/� and FcgRIII�/� mice treated with PBS or mAb
TA99; black nodules represent metastases. B, tumor load scores in wild-type,
FcR g-chain�/�, FcgRI�/�, and FcgRIII�/� mice. Tumor loads in PBS-treated
mice were set at 100%. Columns, average; bars, SE. Representative for two
experiments, each with six mice per group.

Figure 2. Effect of MPL on therapeutic efficacy of TA99 antibody. Wild-type
mice were challenged i.v. with tumor cells and treated with PBS, a suboptimal
dose of mAb TA99 (10 Ag), a suboptimal dose of MPL (0.5 Ag), or with TA99 plus
MPL. After 21 days, mice were sacrificed, lungs were excised, and tumor loads
scored as detailed in Materials and Methods. A, lungs of wild-type mice; black
nodules represent metastases. B, tumor loads scored in wild-type mice.
Representative for two experiments, each with six mice per group.
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antibody and MPL, however, consistently led to lower numbers
of metastases (Fig. 2). The FcgR dependency of TA99 effects in
the presence of MPL was analyzed in FcR g-chain�/� mice.
These animals were challenged with tumor cells and injected
with antibody or MPL alone or in combination. The protective
effect of the combination was abrogated in FcR g-chain�/� mice
(Fig. 3A ). We evaluated the contribution of FcgRI by
challenging FcgRI�/� mice with B16F10 tumor cells followed

by treatment with antibody, MPL, or antibody plus MPL. FcgRI
was, again, found essential for induction of a therapeutic effect
with the combination therapy (Fig. 3B).
MPL is known to activate macrophages and dendritic cells, and

adjuvant studies in vivo documented MPL to induce antigen-
specific CTL and to skew T-helper balance toward a Th1 phenotype
(11, 15). MPL improve the capacity of B cells and macrophages to
prime T and B cells and induce the maturation of splenic dendritic
cells in situ . Furthermore, MPL triggers cytokine production, which
can have an effect on the development of both humoral and
cellular immune responses (16), indicating MPL to be a suitable
candidate adjuvant for antibody therapy.
The effector cells, which can be involved in antibody-mediated

antitumor effects, are natural killer (NK) cells, polymorphonuclear
(PMN), monocytes, and macrophages. Earlier studies examining
effector cells in the B16 model during antibody treatment
excluded a role for NK cells, B and T cells (17). In these studies,
microscopic analyses of lung tissues documented abundant
infiltration of macrophages (5), supporting a role for macrophages
during antibody therapy. Murine FcgRI is expressed on mono-
cytes, macrophages, and dendritic cells but not on PMN (12). As
we observed FcgRI to be central for antibody-mediated antitumor
effects, we hypothesize FcgRI-expressing monocytes/macrophages
to be of importance for the TA99-induced antitumor effects and
not NK cells or PMN. We are currently performing studies (e.g.,
monocytes/macrophage depletion with use of clodronate lip-
osomes) to further address the role of the effector cells involved
in this model.
The importance of human Fcg receptors for tumor therapy has

been documented, where FcgR polymorphisms were shown to affect
the outcome of antibody treatments in cancer patients (18–20). A
better understanding of the role of individual FcgR in antibody
therapies is important to further optimize antibody therapeutic
approaches in man.
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Figure 3. FcgRI is essential for combination therapy. FcR g-chain�/� (A ) or
FcgRI�/� mice (B ) were challenged i.v. with tumor cells and treated with PBS,
a suboptimal dose of mAb TA99 (10 Ag), a suboptimal dose of MPL (0.5 Ag),
or with TA99 combined with MPL. After 21 days, mice were sacrificed, lungs
were excised, and tumor loads scored. Representative for two experiments,
each with six mice per group.
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