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Abstract Antibodies directed against tumor-associated
antigens are emerging as effective treatments for a number
of cancers, although the mechanism(s) of action for some
are unclear and still under investigation. We have previ-
ously examined a chimeric IgE antibody (MOv18 IgE),
against the ovarian tumor-specific antigen, folate binding
protein (FBP), and showed that it can direct human PBMC
to kill ovarian cancer cells. We have developed a three-
color flow cytometric assay to investigate the mechanism
by which IgE receptors on U937 monocytes target and kill
ovarian tumor cells. U937 monocytes express three IgE
receptors, the high-affinity receptor, FceRI, the low-affinity
receptor, CD23, and galectin-3, and mediate tumor cell
killing in vitro by two mechanisms, cytotoxicity, and
phagocytosis. Our results suggest that CD23 mediates

Electronic supplementary material The online version of this
article (doi:10.1007/s00262-007-0371-7) contains supplementary
material, which is available to authorized users.

S. N. Karagiannis (0<) - M. G. Bracher - R. L. Beavil -
A.J. Beavil - J. Hunt - N. McCloskey - B. J. Sutton -

H. J. Gould

Randall Division of Cell and Molecular Biophysics,
King’s College London, Room 3.8, New Hunt’s House,
Guy’s Campus, St Thomas’s Street, London SE1 1UL, UK
e-mail: sophia.karagiannis@kcl.ac.uk

R. G. Thompson - N. East - F. Burke - F. R. Balkwill
Centre for Translational Oncology,

Institute of Cancer and the CR-UK Clinical Centre,

Barts and The London, Queen Mary’s School of Medicine
and Dentistry, 3rd Floor, John Vane Science Centre,
Charterhouse Square, London ECIM 6BQ, UK

D. Dombrowicz

Institut National de la Santé et de la Recherche Médicale,
Institut Fédératif de Recherche 17, Institut Pasteur de Lille,
Unité 547, 59019 Lille, France

phagocytosis, which is enhanced by upregulation of CD23
on U937 cells with IL-4, whereas FceRI mediates cyto-
toxicity. We show that effector : tumor cell bridging is
associated with both activities. Galectin-3 does not appear
to be involved in tumor cell killing. U937 cells and IgE
exerted ovarian tumor cell killing in vivo in our xenograft
model in nude mice. Harnessing IgE receptors to target
tumor cells suggests the potential of tumor-specific IgE
antibodies to activate effector cells in immunotherapy of
ovarian cancer.
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Abbreviations
ADCC  Antibody-dependent cell-mediated cytotoxicity

ADCP Antibody-dependent cell-mediated phagocytosis

FBP Folate binding protein

sFceRloe  Soluble FceRI «-chain

CM Complete medium

PI Propidium iodide

CFSE Carboxy-fluorescein diacetate, succinimidyl
ester

NIP 4-Hydroxy-3-nitro-phenacetyl

Introduction

Therapeutic antibodies are designed to target antigens
associated with tumor cells with high specificity, resulting
in malignant cell death and relative sparing of normal cells
[1, 2]. Antibodies can attack tumor cells by a number of
mechanisms, such as growth inhibition, cell differentiation,
necrosis or apoptosis of tumor cells [1, 2]. Alternatively,
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interaction of tumor cell-bound antibody can engage Fc
receptors on effector cells such as monocytes, macro-
phages, NK cells or neutrophils to target, and kill tumor
cells by antibody-dependent cellular cytotoxicity (ADCC)
or antibody-dependent cellular phagocytosis (ADCP) [2-5].

Antibodies of the IgE class are transported from the
circulation into tissues, where IgE receptors on IgE effector
cells are in place to mount a successful immune response
against cancer cells [6, 7]. The potential advantage of IgE
over IgG1 was clearly shown in our work on the chimeric
MOv18 IgG; and MOv18 IgE antibodies against folate
binding protein (FBP) [8, 9], an over-expressed antigen in
80% of ovarian cancers [10-12]. Combined with human
PBMC, both MOv18 IgG; and MOv18 IgE were effective
in killing ovarian tumor cells in vitro, but MOv18 IgE was
superior to MOv18 IgG; in restricting tumor growth and in
prolonging the survival of mice in our xenograft models of
ovarian carcinoma in SCID and nude mice [8, 9]. Immu-
nohistochemical studies of tumor sections showed the
infiltration of human monocytes, associated with tumor
necrosis and increased survival [9]. The present work
illuminates the mechanisms by which monocytes mediate
MOv18 IgE-dependent tumor cell lysis and the clearance
of dead cells.

Human monocytes express the three known IgE recep-
tors, the low-affinity receptor, CD23 (K, = 108 M*l) [7,
13-15], the high-affinity receptor FceRI oy, complex
(K, = 10" M), [16, 17] and galectin-3 [18-20]. CD23, a
type II integral membrane protein, exists in two forms,
CD23a, and CD23b [21]. CD23a is expressed only in
antigen-activated B cells and mediates IgE antibody-
dependent antigen presentation [21]. The expression of
CD23b, differing from CD23a by only 6/7 amino acids at
the N-terminus [22], is induced by IL-4 on a variety of
cells, including monocytes [23, 24]. Engagement of CD23b
by IgE-antigen complexes promotes monocyte/macrophage
activation, induce nitric oxide synthase and generate pro-
inflammatory cytokines [23-25]. CD23b also mediates IgE
antibody-dependent phagocytosis (ADCP) of hapten-
coated red cells [22]. The ability of CD23 to mediate IgE
antibody-dependent cell mediated tumor cell killing has not
been examined previously.

The closest IgG receptor homologue to FceRI is FcyRII,
which acts in IgG antibody-dependent T-cell-, NK cell-,
and possibly macrophage-mediated tumor cell cytotoxicity
[5, 26, 27]. FceRI is expressed in human and mouse mast
cells and basophils, and in human monocytes, eosinohils,
platelets, dendritic cells, and Langerhans cells [7]. The
ability of FceRI to mediate IgE antibody-dependent cell-
mediated tumor cell killing has not been examined before.

Another IgE receptor, known as the beta-galactoside-
binding lectin galectin-3, previously named epsilon-bind-
ing protein (e-BP), IgE-binding protein, or Mac-2, could
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also be involved in IgE antibody-dependent tumor cell
killing. Galectin-3 binds specifically to oligosaccharide
structures with a terminal galactose through a lectin-car-
bohydrate interaction. It binds to IgE as well as to FceRI to
potentiate immune cell activation [20, 28].

In the present work we have studied MOv18 IgE-
dependent ovarian tumor cell killing by monocytes. We
have used cells of the U937 human myelomonocytic cell
line [29] as effectors and cells of the IGROV1 or HUA
human ovarian tumor cell lines [30, 31] as the targets. We
have employed our new three-color flow cytometric assay
to differentiate between cytotoxic and phagocytic modes of
tumor cell killing [32], and specific inhibitors of each
receptor to determine their individual contributions to tu-
mor cell killing by cytotoxicity and phagocytosis. The re-
sults of these assays have been confirmed by quantitative
immunofluorescence microscopy. To establish the ability
of the monocytes to prevent the growth of tumor cells
in vivo we have used our xenograft model of ovarian
carcinoma in nude mouse [9].

Materials and methods
Antibodies and reagents

Chimeric mAbs MOv18 IgE against FBP and 4-hydroxy-3-
nitro-phenacetyl (NIP) IgE specific for the hapten NIP and
soluble FceRI alpha (sFceRIx) were prepared as before [8,
33, 34]. We used goat anti-human IgE-FITC (VECTOR
Laboratories Ltd., Peterborough, UK), anti-galectin-3
(clone B2C10) [20] and anti-CD89-PE (clone A59) mAbs
(BD Biosciences, Oxford, UK). We used anti-CD23 mAbs
MHM6 (Dako, Glostrup, Denmark), IDEC-152 Fab (Dr.
J. Hopp, Biogen Idec, San Diego, CA, USA), which blocks
IgE binding to CD23 [35, 36], anti-FceRI mAb 22E7 [37]
(Hoffmann-La Roche Inc., Totowa, NJ, USA) and mAb
15.1 Fab, which blocks IgE binding to FceRI [38] (Upstate
Biotechnology Inc., Lake Placid, NY, USA). We also used
an IgG isotype-matched control, goat anti-mouse-FITC
Abs (Dako) and human recombinant IL-4 (rIL-4) (1
U = 34.5 pg) (R&D Systems Inc., Wiesbaden, Germany).
Propidium iodide (PI), Carboxy-fluorescein diacetate,
succinimidyl ester (CFSE), and tissue culture reagents were
from Invitrogen, Paisley, UK. Intracellular antigens were
studied with IntraStain Fix/Perm kit (Dako).

Cell culture and treatments

The human ovarian carcinoma cell line IGROV1 [30] and
the myelomonocytic cell lines wild type U937 and FceRI
ay,-transfected U937 [29, 39] were grown in complete
medium (CM), RPMI 1640 medium with 10% FCS, at 37°C
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in 5% CO,. For in vitro studies, IGROV1 cells were labeled
with 10~ mM CFSE for 10 min at 37°C 24 h prior to assays.
For in vitro assays on the IGROV1 cells and in vivo assays
on the HUA xenograft model, U937 cells were stimulated
with 320 U/ml (10 ng/ml) human rIL-4 for 4 days.

Flow cytometric evaluation of receptor expression
and IgE binding to U937 cells

To detect receptor expression, U937 cells were incubated
with mAbs or isotype-matched controls, followed by anti-
mouse-FITC. In blocking experiments, monocytic cells
were incubated with 25 pg/ml IDEC-152 Fab or 62 png/ml
15.1 Fab for 30 min at 37°C and then given 5 pg/ml MOv18
IgE or no Ab for 30 min at 4°C. After two washes in FACS
buffer (PBS, 5% normal goat serum) cells were incubated
with anti-IgE-FITC (10 pg/ml) for 30 min at 4°C.

To block IgE binding to receptors, 62 pg/ml sFceRIo
was combined with 5 pg/ml IgE in CM, or with CM alone,
for 30 min at 37°C, followed by addition of U937 cells and
incubation with anti-IgE-FITC. For quantitative assess-
ments of FceRI and CD23 cell surface receptors, 2 X 10°
U937 cells/sample were stained with mouse mAbs by
indirect immunofluorescence using the QIFIKIT® (Dako).
U937 cells, setup beads and calibration beads were given
goat anti-mouse IgG-FITC, followed by two washes in
FACS buffer and analysis by flow cytometry using the
CellQuestTM software on a dual laser FACSCalibur™ flow
cytometer (BD Biosciences). The numbers of receptors per
cell were calculated against fluorescent calibrating bead
standards using linear regression.

Flow cytometric ADCC/ADCP assay
Treatment of cells

A novel three-color flow cytometric assay was developed
to simultaneously study tumor cell cytotoxicity (ADCC)
and phagocytosis (ADCP) of IGROV1 cells by U937 cells
[32]. IGROV1 cells were stained with CFSE 24 h prior to
assays, and the following day, 1.3 x 10° CFSE-labeled
IGROV1 cells were washed, mixed with 1.3 X 10° un-
stained effector cells (E: T ratio=1:1) and 5 pg/ml
MOv18, NIP IgE or no Ab, followed by incubation for
2.5 h at 37°C. In blocking experiments, 25 pg/ml IDEC-
152 Fab or 25 mM lactose were added to U937 cells for
30 min at 37°C prior to assays. In others, 62 pg/ml sFceRIx
was combined with IgEs or CM alone, for 30 min at 37°C,
followed by addition of cells. To block FceRI, we added
62 pg/ml 15.1 mAb Fab to U937 cells for 30 min at 37°C,
followed by addition of IGROV1 cells, 0.8 pg/ml MOv18,
NIP IgE or no Ab, and incubation for 2.5 h at 37°C. All

conditions were tested in triplicate. Cells were then washed
in FACS buffer, incubated with anti-CD89-PE mAb to
label monocytes for 25 min at 4°C, washed and treated
with 0.25 pg/ml PI for 15 min at 4°C to identify dead cells.
Following a further wash, cells were mixed thoroughly to
interrupt cell—cell contact and 20,000 cellular events were
acquired by flow cytometry using a dual laser FACSCali-
bur flow cytometer (BD Biosciences). Acquisition and
measurement of single cell events were monitored by
Forward Scatter versus Side Scatter dot plots and compared
to control single- and mixed- population samples.

Three-color flow cytometric assay setup

CFSE-labeled IGROV1 cells were detected in FL1 (530/
30 nm band pass filter), PE-labeled effectors in FL2 (582/
42 nm band pass filter) and PI* dead cells in FL3 (670 nm
LP band pass filter) channels. Appropriate controls were set
for compensation adjustments between fluorochromes
(Fig. 1a). Two dot plots were generated to calculate ADCC
and ADCP (Fig. 1b) and three Regions were identified: (a)
R1: total CFSE" tumor cells regardless of PE or PI sta-
tus = total tumor cells/sample. A reduction in R1 numbers
depicted ADCC of tumor cells killed, fragmented, and thus
undetectable; (b) R2: CFSE*/PE* events = tumor cells
phagocytosed by PE* effectors, regardless of their PI sta-
tus. Each event represented a CFSE" tumor target (or
proportion of) inside a PE-positive effector cell; (c) R3:
CFSE*/PI" = intact tumor cells killed, but not fragmented
or phagocytosed, with reduced membrane integrity suffi-
cient for PI staining. Deviations between samples in total
R1 numbers were accounted for by “R1 spontaneous loss
(SL) control” = the average R1 of three control samples of
effector and target cells without mAbs.
Calculations of cell death by ADCC or ADCP:

ADCC = {[(R1 SL Control — R1) +R3]/R1 SL Control}
x 100,
ADCP = (R2/R1 SL Control) x 100.

Immunofluorescence imaging of cells

U937 cells were incubated on Lab-Tec II glass chamber
slides (SLS Ltd., Manchester, UK) with CFSE-labeled
IGROV1 at an original E : T ratio of 1:1, and given Abs to
assess contact between cells and ADCP [32]. All treat-
ments, blocking and incubations were performed as above.
Cells were then given anti-CD89-PE mAb for 30 min at
4°C, washed, fixed in 1% paraformaldehyde-FACS buffer
and mounted with fluorescence preserver (Dako). Slides
were observed under an Axioscop 20 upright Carl Zeiss
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Fig. 1 Flow cytometric assessment of receptor expression and
MOv18 IgE binding to wild type U937 cells. a IgE receptor
expression in untreated (fop) and IL-4 stimulated (bottom) U937 cells.
Cells express CD23 (left) and FceRI (right) [mAbs, anti-mouse 1gG
(Fab),—FITC, solid lines; 1gG, isotype control Ab, anti-mouse IgG

microscope using a Zeiss A-Plan 40x/0.65 Ph2 lens, an
AxioCam camera (Carl Zeiss Ltd., Hertfordshire, UK)
and AxioVision Version 3.0.2 imaging system (Imaging
Associates Ltd., Oxfordshire, UK). For quantitative
assessments of tumor : effector cell interactions, counts
were performed per microscopical field of view on the Carl
Zeiss microscope at 40x, and a total of ten fields were
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(Fab),—FITC, dashed lines]. b MOv18 IgE binding to untreated (top)
and IL-4 stimulated (bottom) U937 cells (left panels), was reduced by
IDEC-152 anti-CD23 mAb Fab (middle panels) and also by 15.1 anti-
FceRI (right panels) (MOv18 IgE, anti-IgE-FITC, solid lines; anti-
IgE-FITC, dashed lines)

counted per sample condition. In each field, the numbers of
U937 cells in contact with tumor cells were counted. In
IL-4-stimulated U937 cells, effector cells in contact with
tumor cells that contained green-fluorescent material, were
deemed to be engaged in phagocytosis and were counted.
These values were divided by the total number of IGROV1
tumor cells in the same microscopic field. For each
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condition, effector and target cell interactions were ex-
pressed as % mean *= SD of ten microscopic fields.

MOvV18 IgE and U937 monocytic cells
in the HUA xenograft in nude mice

The human ovarian carcinoma xenograft HUA was estab-
lished in 8-12-week old specific pathogen-free female nu/
nu mice and implanted i.p. as described before [9, 31].
Following tumor challenge, each mouse received an i.p.
injection of either PBS or 4 x 10° wild type U937 mono-
cytes with or without 100 pg MOv18 IgE in a total volume
of 0.2 ml. Effector cells and MOv18 IgE antibody were
mixed immediately prior to injections. In a separate
experiment, mice were given the same treatments, only IL-
4-stimulated U937 cells were used. All mice received one
further dose of treatments after 14 days and assessed for
the duration of survival. All animal work was carried out
according to the guidelines specified by the UK Home
Office Animals Scientific Procedures Act 1986.

Data handling and statistical analysis

Flow cytometry experiments of receptor binding and
blocking were repeated at least three times. In vitro ADCC/
ADCP assays were performed in triplicate and data are
shown as mean ADCC + SD and ADCP =+ SD of a number
(n) of independent experiments (see Supplementary Data).
Results of the in vivo HUA xenograft mouse survival
experiments were expressed as mean survival + SD.
Statistical analyses of in vitro ADCC/ADCP assays
microscopical observations of tumor : monocytic cell
interactions and mouse survival were performed by means
of the unpaired two-tailed Student’s z-test.

Results

IgE receptor expression and IgE binding
on U937 monocytes

The expression of CD23 and FceRI on U937 cells before
and after stimulation by IL-4, was examined by flow
cytometry (Fig. la). Before stimulation CD23 was ex-
pressed on 56% of the cells and FceRI on 99% of the cells.
After IL-4 stimulation CD23 was expressed on 91% of the
cell and FceRI on 98% of the cells. We also measured the
average number of receptor molecules/cell before and after
IL-4 stimulation (Table 1). There was a tenfold increase in
CD23, from 2,335 to 23,121 molecules/cell upon IL-4
stimulation. The expression of FceRI was unchanged,
23,798 molecules/cell before and 24,001 molecules/cell
after, IL-4 stimulation. Thus, IL-4 stimulation increased

both the proportion of cells expressing CD23 and the
number of CD23 molecules/cell, whereas the FceRI
expression was unaffected by this treatment.

MOv18 IgE binding to the cells was detected by flow
cytometry on 42% of the unstimulated and 94% of the IL-4
stimulated cells (Fig. 1b, left). The observed increase could
be due to the higher expression of CD23, noted above. To
determine which receptors bound this IgE under both
conditions, we used specific IgE blocking anti-receptor
Fabs, IDEC-152 [35, 36] for CD23 and 15-1 [38] for FceRI.
MOv18 IgE binding to unstimulated cells, pre-incubated
with the anti-CD23 Fab, reduced IgE binding to 14% of the
cells (a 60% reduction; Fig. 1b middle). MOv18 IgE
binding to the unstimulated cells, pre-incubated with the
anti-FceRI Fab, reduced IgE binding to 22% of the cells (a
50% reduction; Fig. 1b, right). MOv18 IgE binding to IL-
4-stimulated cells, pre-incubated, with the anti-CD23 Fab,
reduced IgE binding to 11% of the cells (an 80% reduc-
tion). MOv18 IgE binding to IL-4-stimulated cells, pre-
incubated with the anti-FceRI Fab reduced IgE binding to
62% of the cells (a 30% reduction). On a mole for mole
basis, CD23 appears to bind IgE more avidly than FceRI
under both conditions (Fig. 1b).

Application of a novel three-color cytometric assay
to distinguish between ADCC and ADCP

We have developed a new three-color flow cytometric as-
say to distinguish between IgE ADCC and ADCP of
ovarian tumor cells in vitro [32]. The human ovarian car-
cinoma cell line, IGROV1 [30], known to express a high
level of FBP [8, 9, 40], was used as the tumor target. The
human myelomonocytic cell line U937 was employed to
provide the effector cells [29]. The green-fluorescent dye,
CFSE, was used to stain live IGROV1 cells prior to incu-
bation with U937 monocytes. After the incubation, U937
cells were stained with anti-CD89-PE and dead cells with
PI. Gates were set up to quantify the three fractions, live
and killed IGROV1 cells, and live unstained and CD89-
stained U937 effector cells (Fig. 2a). Application of the
gates in a typical three-color cytometic assay is shown
in Fig. 2b. Region 1 (R1, green square) represents total

Table 1 Quantification of numbers of IgE receptors on U937 cells

Number of molecules per U937 cell
(mean = SD) (n = 6)

CD23 FceRI
Untreated U937 2,335 + 933 23,798 + 18,999
IL-4-treated U937 23,121 £ 4,309 24,001 = 5,885
FceRI-transfected U937 cells 116 = 107 48,150 = 8,313
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CFSE" tumor cells, Region 2 (R2, orange square) consists
of CFSE*/PE" tumor cells killed by phagocytosis (ADCP),
and Region 3 (R3, red square) is CFSE*/PI* tumor cells
killed by cytotoxicity (ADCC) (Fig. 2b). The calculations
used to quantify ADCC and ADCP are described in
Materials and methods.

IL-4 stimulation of U937 cells increases MOv18 IgE
ADCP of ovarian tumor cells

The three-color flow cytometric assay was used to inves-
tigate the receptors responsible for MOv18 IgE-dependent
ADCC and ADCP of U937 cells (Fig. 3). Two color flow
cytometric dot plots show that untreated U937 cells, mixed
with MOv18 IgE and IGROV1 tumor cells, mediated low
levels of tumor cell ADCP, ~10%, between 1 and 2.5 h
in culture (Fig. 3a). Stimulation of U937 cells with IL-4
resulted in markedly increased levels of MOv18 IgE-
dependent tumor cell ADCP, up to 42% within 2.5 h
(Fig. 3a, left). MOv18 IgE ADCC of IGROV1 cells was
26.4% with unstimulated U937 cells and 22.3% with IL-4-
stimulated U937 cells within 2.5 h. Thus ADCP, but not

@ Springer

10!

CFSE (Tumor targets)

ADCC, increased upon upregulation of CD23 on the U937
cells (Fig. 3a, right).

Antigen specificity of the ovarian tumor cell killing was
demonstrated with anti-NIP IgE and no Ab controls.
Untreated U937 cells increased ADCC to 18.0% after 1 h

Fig. 3 CD23-mediated ADCP by wild type U937 cells and IgE. a
Two-color flow cytometric dot plots detected ADCP of IGROV1 cells
by U937 cells and MOv18 IgE after 1 and 2.5 h in culture. Left
panels: CFSE-labeled IGROV1 (x axis, lower right) and U937 cells
labeled with CD89-PE mAb (y axis, upper left). IGROVI1 cells
phagocytosed by U937 cells (CFSE*/PE*, upper right). Right panels:
CFSE-labeled dead IGROV1 cells, labeled with Propidium lodide
(PI) (y axis, upper left) (CFSE*/PI*, upper right). b Quantitation of
MOvV18 IgE-mediated IGROV1 tumor cell killing by ADCC and
ADCP after 1 and 2.5 h using unstimulated (top panel) and 1L-4-
treated (bottom panel) U937 cells. Cytotoxicity: black bars;
phagocytosis: gray bars. Results are mean = SD of six independent
experiments. ¢ ADCC and ADCP of IGROVI tumor cells by
unstimulated (top left) and IL-4 sitmulated (bottom left) U937 cells
and after incubation of U937 cells with IDEC-152 Fab (fop and bottom
right panels) blocked tumor cell ADCP. Results are mean + SD of six
independent experiments. Significance of values compared to samples
given MOv18 IgE by the Student’s r-test: P > 0.05, *P < 0.05,
**P < 0.005, **#*P < 0.0005
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and 27.2% after 2.5 h with MOv18 IgE, compared to <10%
with NIP IgE and the no Ab controls (Fig. 3b, top;
Supplementary Data). MOv18 IgE-mediated ADCP by
unstimulated cells was lower and similar to controls. IL-4-
stimulated U937 cells with MOv18 IgE mediated increased
ADCC to 15.2% after 1 h and 22.0% after 2.5 h, compared
to <15.0% with the controls (Fig. 3b, bottom). MOv18 IgE-
mediated ADCP increased to 30.5% after 1 h and 36.6%
after 2.5 h, compared to <15% with the controls. Thus,
MOv18 IgE-dependent ovarian tumor cell killing was
shown to be antigen specific, while confirming the previous
results showing that IL-4 upregulation of CD23 on U937
cells increases ADCP (P < 0.005) but not ADCC (P > 0.05).
The results shown in Fig. 3 suggest that ADCP, but not
ADCC, is mediated by CD23.

Effect of blocking IgE binding to CD23

To further test this conclusion we used the IDEC-152 Fab
to inhibit IgE binding to CD23 on U937 cells (Fig. 3c).
Untreated U937 cells and MOv18 IgE resulted in 35.9%
ADCC and 17.0% ADCP of the tumor cells in 2.5 h,
compared to <15% for the controls (Fig. 3c, top). After
pre-incubation of the U937 cells with the IDEC-152 Fab,
ADCC with MOv18 IgE, was essentially unchanged at
38.0%, compared to <10% for the controls (P > 0.05). In
contrast, ADCP was significantly reduced to almost control
levels (P < 0.005).

After IL-4 treatment of U937 cells (Fig. 3c, bottom),
MOv18 IgE ADCC was decreased to 21.2% and ADCP
was increased to 40.8%, compared to <10% for the con-
trols. In cells given IDEC-152 Fab, MOv18 IgE ADCC was
increased to 30.5% (P > 0.05), close to the original level
in untreated U937 cells, at the same time as MOvI&
IgE ADCP was reduced to control levels of <10%
(P < 0.0005). The effects of selective inhibition of IgE
binding to CD23 on both unstimulated and IL-4-stimulated
U937 on ADCP proves that CD23 is responsible for ADCP
but not ADCC. In addition, these results suggest that
ADCC and ADCP are competitive processes.

Effect of blocking IgE binding to FceRI

The IgE blocking anti-FceRI mAb 15.1 partly reduced
binding of MOv18 IgE antibodies to unstimulated and IL-
4-stimulated U937 cells (Fig. 2b), but did not block tumor
cell killing under standard conditions of our ADCC/ADCP
assays. We therefore tested the possibility that a 15.1 Fab
may be able to block tumor cell killing at suboptimal
concentrations of MOv18 IgE. We performed ADCC/
ADCP experiments using IL-4-stimulated U937 cells
with MOv18 IgE and NIP IgE antibodies at sixfold lower
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concentrations than previously found to give optimal tumor
cell killing (Fig. 4a).

Under these conditions, IL-4-stimulated U937 cells
killed IGROV1 tumor cells by both ADCC (17.1%) and
ADCP (21.6%), compared to <15% for the controls
(Fig. 4a; Supplementary Data). Blocking of IgE binding to
FceRI with the 15.1 Fab alone reduced MOv18 IgE ADCC
to 13% but also increased MOv18 Igé ADCP to 27%
(P < 0.05). In the same assay, blocking IgE binding to
CD23 with IDEC-152 mAb Fab decreased ADCP to 12%
(P < 0.0005) and increased ADCC to 24.1% (P < 0.005).
Using both IDEC-152 and 15.1 Fabs together to block IgE
binding to both receptors, resulted in reduction of MOv18
IgE ADCC to 13.2% (P < 0.05) and ADCP to 9.3%
(P < 0.0005), similar to the control values. These experi-
ments suggest that FceRI mediates IgE ADCC, but the
effects of the anti-FceRI on ADCC were not as dramatic as
those of the anti-CD23 on ADCP.

To further test the role of FceRI in ADCC we used a
soluble fragment of the wa-chain of FceRI, sFceRlo, to
compete with IgE binding to this receptor (and also to
CD23 since the receptor binding sites lie in the same region
of IgE) [41, 42]. A 100-fold excess of sFceRIo over IgE
was added to MOv18 IgE prior to incubation with the U937
cells. This completely inhibited IgE binding to the U937
cells (Fig. 4b).

Untreated U937 cells killed tumor cells by ADCC,
23.7% with MOv18 IgE, whereas ADCP was similar to the
controls (Fig. 4c, top; Supplementary Data). Treatment
with sFceRIo reduced both MOv18 IgE ADCC and ADCP
to background levels, compared to controls. Thus, sFceRIx
completely inhibited MOvI18 IgE-mediated ADCC
(P < 0.0005), as well as ADCP. In IL-4-stimulated U937
cells (Fig. 4c, bottom), MOv18 Ig ADCC and ADCP
were 19.4 and 33.9%, respectively, compared to <15%
with the controls. Following incubation of the U937 cells
with sFceRIo, MOv18 IgE ADCC, and ADCP were low,
although ADCC was higher than the controls (Fig. 4c).
Thus, in IL-4-stimulated cells, sFceRIo completely inhib-
ited both MOv18 IgE-mediated ADCC and MOv18 IgE-
mediated ADCP (P < 0.0005).

We further used U937 cells transfected with vectors for
expression of the «- and 7y-chains normally found in of
FceRI on monocytes [29]. We could detect FceRI on 93%
and of the ay,-transfected cells, but CD23 expression was
undetectable (<5%) by flow cytometry (Fig. 5a). In terms
of molecule numbers, the wild-type U937 cells expressed
an average of 48,150 molecules of FceRl/cell and 116
molecules of CD23/cell (Table 1).

MOv18 IgE binding was detected on 62% of the
ayp-transfected cells (Fig. 5b, left). After pre-incubation
of MOv18 IgE with sFceRIw, binding of IgE to the cells
was reduced to <5% (Fig. 5b, middle). Pre-incubation of
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Fig. 4 Potential role for FceRI
in IgE-mediated tumor cell
killing in wild-type U937 cells.
a Tumor cell killing by IL-4-
stimulated U937 and MOv18
IgE used at suboptimal
concentration (fop left) and
ADCC blocked by 15.1 anti-
FceRI mADb Fab (top right),
ADCP blocked by IDEC-152
anti-CD23 mAb Fab (bottom
left) and both ADCC and ADCP
reduced by simultaneous
incubation of U937 cells with
both mAb Fabs (bottom right).
b Flow cytometric evaluation on
the effect of sFceRIx on IgE
binding to IL-4-stimulated
U937 cells. MOv18 IgE bound
to IL-4-stimulated U937 cells
(left) and sFceRla prevented
binding of IgE to U937 cells
(right)y (MOV18 IgE, anti-IgE-
FITC, solid lines; anti-IgE-FITC
alone, dashed lines). ¢ Tumor
cell killing by unstimulated
U937 (top left) and ADCC
blocked by sFceRla (top right).
MOvV18 IgE-mediated ADCC
and ADCP in IL-4-stimulated
U937 (bottom left) were reduced
by sFceRla (bottom right).
Cytotoxicity: black bars;
phagocytosis: gray bars. Results
are mean = SD of six
independent experiments.
Significance of values compared
to samples given MOV18 IgE by
the Student’s r-test: P > 0.05,
*P < 0.05, **P < 0.005,

%P < 0.0005
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Fig. 5 FceRI oayp,-transfected U937 cells: receptor expression,
MOv18 IgE binding and ADCC/ADCP assays. a IgE receptor
expression in FceRI ayp,-transfected U937 cells: cells do not express
CD23 (left) but express the sFceRI ap, complex (right) [mAbs, anti-
mouse IgG (Fab),—FITC, solid lines; 1gG, isotype control Ab, anti-
mouse IgG mAb (Fab),—FITC, dashed lines]. b MOv18 IgE binding
to FceRI ay,-transfected U937 cells (left) was blocked by sFceRIo
(middle) but not affected by IDEC-152 anti-CD23 mAb Fab (right)

the U937 cells with the anti-CD23 (IDEC-152) Fab had
no effect on IgE binding, at 66% of the cells (Fig. 5b
right), similar to 62% for the positive control (Fig. Sb
left).

The absence of CD23 on the FceRI ay,-transfected U937
cells allows an unambiguous distinction between the roles
of CD23 versus other IgE receptors (FceRI or galectin-3) in
mediating ADCC and ADCP of the tumor cells. In the
three-color cytometric assays without sFceRIox, MOv18 IgE
ADCC was 24% (Fig. 5c, left), while in assays with
sFceRIoe MOv18 IgE ADCC was significantly reduced to
14.5% (P < 0.005, Fig. 5c; Supplementary Data). Pre-
incubation of the oy,-transfected U937 cells with the
IDEC-152 Fab had no effect on tumor cell killing (Fig. Sc,
right versus left) in accordance with the lack of CD23
expression. These results are consistent with a role for
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(MOVvV18 IgE, anti-IgE-FITC, solid lines; anti-IgE-FITC alone, dashed
lines). ¢ ADCC and ADCP by FceRI ay,-transtected U937 cells:
MOv18 IgE-mediated tumor cell killing (left) was blocked by sFceRIo
(middle) but was unaffected by IDEC-152 CD23mAb Fab (right).
Cytotoxicity: black bars; phagocytosis: gray bars. Results are
mean *= SD of four independent experiments. Significance of values
compared to samples given MOv18 IgE by the Student’s r-test:
"SP > 0.05, *P < 0.05, ¥*P < 0.005, ***P < 0.0005

FceRI in ADCC, but do not exclude a possible role for
galectin-3, since sFceRIx might also affect its activity.

Galectin-3 on U937 monocytes does not mediate
MOv18 IgE killing of ovarian tumor cells

Galectin-3 was not detected on the surface of U937 cells,
but was expressed intracellularly (Fig. 6a). Lactose inhibits
binding of galectin-3 to protein ligands and blocks cell
activation [18]. We therefore tested whether blocking
galectin-3 binding to MOv18 IgE by lactose could affect
tumor cell killing (Fig. 6b). Unstimulated wild type U937
cells killed 20.6% of the tumor cells by ADCC, compared
to <10% for the controls (Fig. 6b; Supplementary Data).
As before, MOv18 IgE ADCP for the unstimulated U937
cells was low compared to controls (P < 0.05). Following
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Fig. 6 Potential role for a
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U937 cells. a Flow cytometric
histograms show lack of surface
galectin-3 expression (left) and
intracellular galectin-3 (right) in
permeabilised U937 cells [anti-
galectin-3 mAb B2C10, anti-
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treatment with of the U937 cells with 25 mM lactose,
MOv18 IgE ADCC was 20.8%, while MOv18 IgE ADCP
remained low, compared to controls (Fig. 6b). These re-
sults show that galectin-3 is not involved in tumor cell
killing. Exclusion of galectin-3 from a role in tumor cell
killing supports the conclusion that ADCP is mediated by
CD23 and ADCC by FceRI

Visualization of MOv18 IgE bridging IGROV1
and U937 cells

To examine the cell interactions in MOv18 IgE tumor cell
killing, we labeled IGROV1 tumor cells with the CFSE
fluorescent dye, incubated them with U937 cellsatanE : T
ratio of 1:1, combined with IgE antibodies, for 2.5 h on
glass chamber slides, and stained the U937 cells with anti-
CDS89-PE. The cells were then observed by fluorescence
microscopy (Fig. 7). To quantify the microscopic obser-
vations, the frequency of effector and target cell contact
under different conditions was measured (Table 2). 1G-
ROVI1 tumor cells are adherent while U937 cells are not,
and thus any monocytic cells not in contact with tumor
cells were removed after the 2.5 h incubations during
washing steps. Thus, the majority of monocytic cells ob-
served are normally those that have maintained contact
with the adherent IGROV1 tumor cells.

Incubation with MOv18 IgE led to 25% contact between
IGROV1 and untreated U937 cells, compared to 10% with
NIP IgE (Fig. 7a; Table 2). Pre-incubation of the U937
cells with the IgE blocking IDEC-152 anti-CD23 Fab
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reduced, but did not abolish E : T cell contact. In contrast,
pre-incubation of IgE with sFceRIx reduced contact to
control levels.

U937 cells, pre-stimulated by IL-4, showed enhanced
contact, with 51% of tumor cells, and phagocytosis
measured at 44%, clearly visible in the merged image of
the green tumor cells inside the red U937 cells, producing
the bright yellow color (Fig. 7b; arrows); this is not seen
with NIP IgE. Addition of the anti-CD23 antibody Fab
substantially reduced E : T cell contact to 26% and
eliminated phagocytosis (8%), shown by the absence of
the yellow color inside the U937 cells (Fig. 7b). When
IgE binding to its receptors was blocked by sFceRlo,
contact between U937 and IGROV1 (16%) and phago-
cytosis (7.5%) were greatly reduced (Fig. 7b). These
images strongly support the suggested role of CD23 in
MOv18 IgE ADCP and are consistent with the role of
FceRI in MOv18 IgE ADCC.

To further examine the role of FceRI in IgE-dependent
tumor cell killing, we examined the interactions of FceRI
ay,-transfected U937 cells with IGROV1 tumor cells
(Fig. 7¢). Incubation with MOv18 IgE led to 24% contact
between ay,-transfected cells and IGROV1 cells (arrow),
not seen with NIP IgE (7.2%). Pre-incubation of the U937
cells with the anti-CD23 antibody Fab did not reduce
contact between cells, consistent with their lack of CD23
expression (Fig. 5a). However, pre-inucbation of the IgE
with sFceRIo abolished this contact (12%). These obser-
vations reveal that CD23 is not needed to mediate the
contact between U937 cells and the tumor cells.
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Fig. 7 Superimposed bright-
field and fluorescent images of
IGROV1-U937 interactions.
CFSE-stained IGROV1 tumor
cells (green) and CD89-PE-
labeled U937 cells (red) after
2.5 h in culture. a Untreated
wild type U937 cells (red) given
MOV18 IgE (right) were in
contact with IGROV1 cells
(green, white arrow) but not
when incubated with NIP IgE
(right). Treatment with IDEC-
152 Fab reduced E : T contact.
E : T was further reduced when
MOv18 IgE was given sFceRlIa.
b IL-4-stimulated wild type
U937 cells (red) showed
enhanced contact with IGROV1
(green) when given MOv18 IgE
and extensive phagocytosis of
IGROV1 (green CFSE inside
U937, yellow-orange, white
arrows). Reduced E : T contact
was observed with NIP IgE.
IDEC-152 Fab reduced
phagocytosis (lack of green
fluorescence inside U937, red).
E : T contact and phagocytosis
of IGROV1 were reduced with
sFceRIa. ¢ FceRI ory,-
transfected U937 cells
incubated with MOv18 IgE
(red) were in contact with
IGROV1 cells (green, white
arrow), but not with NIP IgE.
IDEC-152 mAb Fab prior to
assays did not affect E : T cell
contact, which was reduced with
sFceRIa. Original magnification
x40. Scale bars 20 pm
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Table 2 Microscopic measurements of IGROV1 : U937 cell interactions
Treatment Untreated U937 % E : T  IL-4-treated U937 % E : T IL-4-treated U937 % IGROV1 FceRlI-transfected U937 %
contact (mean = SD) contact (mean = SD) phagocytosis (mean + SD) E : T contact (mean + SD)
MOv18 IgE 24.6 + 14.2 514 +17.7 435 £ 17.0 242 +9.6
NIP IgE 10.0 + 7.5* 13.9 + 12.7%** 10.6 + 8.4%%%* 7.2 & 7.2%%%
MOv18 21.3 + 16.3™ 26.1 + 12.8%%* 8.0 £ 5.4%** 26.5 + 11.4"
IgE + IDEC-
152 Fab
MOv18 11.9 + 8.9* 15.7 + 16.5%* 7.5 £ 6.8%%* 12.1 + 8.6*

IgE + sFceRIa

Data were collected by counting effector : target cell contact or target cell phagocytosis per microscopic field and percent values were calculated.

Mean values were calculated from ten microscopic fields for each sample
significance of values compared to samples given MOv18 IgE

s P> 0.05

* P <0.05

** P < 0.005
% P < 0.0005

Survival of nude mice bearing ovarian tumor xenografts

To test the ability of U937 cells in targeting tumor cell
killing by MOv18 IgE in vivo, we used the human ovarian
carcinoma xenograft HUA, which expresses the folic acid
receptor at moderate levels [9, 31]. HUA ascites were
introduced into nude mice by i.p. injection and mice were
treated with saline, unstimulated U937 cells alone or cells
plus MOvl18 IgE (Fig. 8a). A similar experiment was
performed with IL-4-stimulated U937 cells. Each mouse
was then treated with saline, IL-4-stimulated U937 cells or
IL-4-stimulated cells with MOv18 IgE (Fig. 8b).

Mice treated with U937 monocytes plus MOv18 IgE
survived for 27 + 8 days (mean + SD, n = 9), and they had
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Fig. 8 Effect of MOvI8 IgE and monocytic cells on survival of
ovarian carcinoma xenograft-bearing nude mice. Survival following
transplantation of HUA xenografts into nude mice and treatment with
monocytic U937 cells either a untreated or b pre-treated with 1L-4
prior to i.p. injections with or without MOv18 IgE. Treatments were

condition and are shown + SD. Student’s #-test was used to generate

a statistically significant survival advantage compared to
mice that received cells alone (19 + 6 days, n =8) or
controls given saline (16 + 3 days, n =9). Mice given
U937 alone did not survive longer than saline controls.
Mice given IL-4-stimulated U937 cells plus MOvI18 IgE
survived for 35 + 9 days (n = 11), and their survival was
statistically longer than that of mice treated with IL-4
stimulated cells alone (25 = 13 days, n = 11). The survival
of mice treated with IL-4-stimulated U937 cells plus
MOv18 IgE was longer than saline controls (17.5 + 2 days,
n =11). Mice given IL-4-stimulated U937 cells alone
(Fig. 8a) or IgE alone (unpublished results) did not gain a
statistically significant survival advantage compared with
saline controls. Furthermore, IL-4-stimulated U937 cells in
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given on the day of tumor challenge and again 2-week following
tumor challenge. Horizontal bars indicate mean survival (days).
Significance of values by the Student’s #-test: P > 0.05, *P < 0.0,
**P < 0.005, **¥*P < 0.0005
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combination with MOv18 IgE were more successful in
enhancing the survival of mice compared to unstimulated
U937 cells plus MOv18 IgE from (P = 0.048).

Discussion

We previously demonstrated that the anti-FBP IgE anti-
body, MOv18 IgE, is able to direct human effector cells to
kill ovarian cancer cells in vitro and in vivo [8, 9]. We
found that human macrophages were present in the areas
surrounding tumors in ovarian carcinoma xenografts from
mice treated with MOv18 IgE and human PBMC [9]. In
this study we gain an insight into the mechanisms em-
ployed by MOv18 IgE and U937 monocytes to target and
kill ovarian cancer cells, and we examine the roles that IgE
receptors play in the monocyte-mediated tumor targeting
and killing in vitro and in vivo in our nude mouse model of
ovarian carcinoma.

Flow cytometric observations confirm earlier work
showing that U937 cells express the IgE receptors, FceRI,
and CD23 (Fig. 1). IgE binding on the surface of U937
cells was strongly reduced by both the IgE blocking anti-
CD23 and anti-FceRI mAb Fabs. However, in terms of the
number of receptors/cell, anti-CD23 was more effective in
blocking IgE binding. It has been shown that other cell
surface proteins may interfere with IgE binding to FceRI
[17]. Tt is notable, too, that the ligand-binding domain in
CD23 is projected out of the cell membrane on a rigid
15 nm stalk, whereas FceRI lies flat on the cell surface [7].
FceRI might therefore be less accessible than CD23 to
the Fc region of IgE, compared to the Fab portions of
antibodies.

We have identified two mechanisms of tumor cell kill-
ing, ADCP, and ADCC (Fig. 3). We could attribute ADCP,
but not ADCC, to CD23 by several criteria. First, the levels
of ADCP, but not ADCC, were correlated with CD23
expression before and after upregulation of CD23, but not
FceRI, by IL-4. Second, ADCP, but not ADCC, was
inhibited by the IgE blocking anti-CD23 Ab, but not by the
IgE-blocking anti-FceRI Ab (Figs. 3, 4). Third, we could
directly visualize a substantial loss of contact between
tumor target and monocyte effector cells, and nearly
complete inhibition of phagocytosis, by the IgE-blocking
anti-CD23 (Fig. 7). Lactose did not inhibit tumor cell
killing, eliminating a role for galectin-3 in ADCC (and
ADCP) (Fig. 6b). By default, we could attribute ADCC to
the only other known IgE receptor on monocytes, FceRI.

Consistent with this conclusion, we demonstrated a
substantial inhibition of ADCC by the IgE blocking anti-
FceRI. This was seen only with a sixfold lower than opti-
mal concentration of IgE. However, we can rationalize this
observation, in terms of the sensitivity of the cells to
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activation through FceRI. In the case of mast cells, IgE
occupancy of between 10 and 100 FceRI molecules/cell, a
few percent of the total number, is sufficient to sensitize the
cells for antigen activation [26]. In the case of eosinophils,
the binding of undetectable amounts of IgE to eosinophils
is sufficient for an antigen to trigger activity [43]. Thus,
more complete inhibition of IgE binding to FceRI than to
CD23 may be necessary to eliminate effector cell activa-
tion, in this case for ADCC, mediated by FceRI, versus
ADCP, mediated by CD23. Furthermore, the process of
phagocytosis may require more cell contact than cytotox-
icity, since large areas of the effector cell are mobilized.
Thus, we reasoned that only the soluble receptor itself, in
the form of sFceRIx, might compete efficiently with the
membrane-bound sFceRI by sequestering IgE. We also
observed an increase in ADCC when ADCP is stimulated
by IL-4 or blocked by IDEC-152 Fab (Figs. 3, 4). These
observations suggest that the two receptors may compete at
some level for IgE binding to the receptor or effective
signaling. Whether competition occurs at the cell surface or
in the signal transduction pathways leading alternatively to
ADCC or ADCP is an open question.

Some of the mechanisms involved in monocyte-medi-
ated tumor cell killing in vivo could involve mouse cells, if
the monocyte activation by IgE-dependent effector : target
cell bridging results in the secretion of inflammatory
mediators [44]. We have actually shown that human eo-
sinophils mediate IgE-dependent ovarian tumor cell killing
in vitro and previous studies demonstrate that activation via
FceRI on these cells is responsible for eosinophil degran-
ulation and cytotoxicity against parasites [45]. However,
this could not occur in the mouse model because human
eosinophils have never been tested in this model, and
mouse eosinophils do not express IgE receptors [7]. Even if
mice did express murine IgE receptors, they do not bind to
human IgE. Nevertheless, activated mouse eosinophils
could exert innate cytotoxicity against the ovarian tumor
cells in our model.

IgG ADCP of tumor cells has been demonstrated in
previous studies, but the present work is the first to show
IgE ADCP of tumor cells mediated by CD23. CD23 has
approximately the same affinity as IgG, for FcyRI and
much higher affinity for IgE than IgG,; for FcyRIII (K, =
10° M™"), the main receptor associated with tumor cell
killing [26]. The relatively high affinities of both FceRI and
CD23 (Kp = 10® Mfl) for IgE may contribute to the
greater efficacy of MOv18 IgE, compared to MOv18 IgGy,
with human PBMC, in prolonging the survival of mice in
our xenograft models of ovarian carcinoma [8, 9].

The results with our HUA xenograft model of ovarian
carcinoma demonstrate that monocytic cells are capable of
acting as IgE effector cells in vivo (Fig. 8). Treatment of
mice with MOvI8 IgE and IL-4-stimulated U937 cells
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afforded a significantly greater survival advantage, imply-
ing a role for CD23 in IgE-mediated tumor killing in vivo.
Neither unstimulated or IL-4-stimulated monocytes alone
(Fig. 8), nor IgE alone (other experiments), gave a signif-
icant survival advantage over the PBS control, as also
found in an earlier study [8]. In ongoing experiments we
have shown that primary monocytes, which express FceRI,
but not CD23, are required to protect mice from the growth
of tumor cells in our nude mouse model. Taken together
with the present in vitro and in vivo results, we could
speculate that ADCC is the main mechanism of tumor cell
killing by unstimulated monocytes, while a combination of
ADCC and ADCP affords enhanced protection by IL-4-
stimulated monocytes.

The degree of protection afforded by monocytes and
MOv18 IgE in the mouse model may underestimate what
might be expected in ovarian cancer patients. Other cell
types that we have not yet tested, such as mast cells and
basophils, eosinophils, platelets, and dendritic cells, ex-
press IgE receptors, and might contribute to IgE-dependent
tumor cell killing in patients. Eosinophil infiltrates are
found in necrotic areas of tumors and may contribute to
strong inflammatory responses against tumor cells [46, 47].
Dendritic cells could contribute to IgE antibody presenta-
tion of tumor antigens to T cells, thereby prolonging the
protection of cancer patients [6]. We could not demonstrate
protection of the mice when MOv18 IgE and human
PBMC were administered shortly before the usual mean
survival time, indicating that this was too late to be of
benefit. However, immunotherapy in ovarian cancer pa-
tients would probably be carried out after resection of the
primary tumor, and perhaps after chemotherapy, when the
tumor burden would be small.

Humans differ in their expression of IgE, those with
allergies exhibiting up to tenfold higher levels of serum
IgE. The latter individuals are said to be atopic. This IgE
may interfere with the effects of IgE immunotherapy in
atopic patientss. Indeed, we have evidence of this from
in vitro assays of ovarian tumor cell killing with MOv18
IgE and PBMC from atopic and non-atopic individuals [9].
Although the level of tumor cell killing was lower in the
atopic group of individuals, there was still significant
activity. Owing to de novo synthesis of FceRI and endo-
cytosis and recycling of the membrane-bound receptor,
there are always free receptors on basophils and mast cells
and, similarly, it may not be possible to saturate the
receptors on monocytes [48].

In our SCID mouse model the tumor was implanted s.c.,
and MOv18 IgE and PBMC were injected i.v., whereas, in
the present model the tumor was implanted i.p. and the IgE,
and PBMC were also injected i.p. In both models we
observed more prolonged benefits with MOv18 IgE, com-
pared to IgGl [8, 9]. Intravenous injection may be the

preferred route of administration in cancer patients, al-
though the i.p. route is also an option for immunotherapy of
ovarian cancer.

IgE is a potent anaphylactic antibody, which is the very
reason why we have studied its application for immuno-
therapy. Normally, anaphylaxis is restricted to the target
organs of allergy, the sites of allergen provocation. We
wish to exploit this activity (and also IgE-dependent pre-
sentation of tumor antigens to T cells to mount active
immune responses) for the rejection of tumor cells. As in
all new concepts for immunotherapy of cancer, this would
involve somewhat different approaches. We would suggest
avoid targeting antigens containing multiple epitopes for
the antibody, in case the soluble antigen fragments are shed
into the circulation, where they might cause systemic
anaphylaxis. Ideally the antigen should be over-expressed
only on the tumor cells. FBP meets both criteria. There has
been no obvious evidence of systemic anaphylaxis in mice
bearing ovarian tumor xenografts treated with MOv18 IgE
and human PBMC containing the normal proportion of
basophils, the effector cells in systemic anaphylaxis. Yet,
this regime was effective in protecting the mice from tumor
growth [8, 9].

The chimeric IgG1 exhibited some efficacy in in vitro
studies and in phase I trials in ovarian cancer [49, 50, 51].
The present results, dissect the mechanisms of action em-
ployed by MOv18 IgE and its receptors on monocytic cells
to mediate tumor cell killing and suggests the potential of
IgE in immunotherapy of ovarian cancer patients.
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