
Introduction

The mast cell is recognized as being the cell at the heart of
the allergic response, and the cross-linking of cell-surface
IgE is the principal pathway to mast cell activation. Studies
of antibody-mediated mast cell function have therefore
focused mainly upon such cell-bound IgE. However, the
function of mast cells in vivo is complicated by their resi-
dence in an immunoglobulin-rich environment.

Allergen-specific antibodies other than IgE antibodies are
often described as blocking antibodies, for they have been
thought to be capable of interfering with IgE-mediated func-
tions. The mechanism of this inhibition has usually been
ascribed to direct competition for antigen binding between
cell-bound IgE antibodies, and IgG antibodies in solution.1

More recently an alternative FcγR-mediated mechanism
of inhibition of IgE activity has been described. Using mast
cell-like rat basophil leukaemia (RBL) cells transfected with
a number of different murine FcγR isoforms, Daeron et al.
have shown that the cross-linking of the wild-type FcεRI and
transfected murine FcγRIIb1 prevents IgE-mediated RBL cell
degranulation.2 These experiments are likely to be relevant to
normal mast cell function in many species, because in addi-
tion to the high-affinity FcεRI, mast cells have been reported

to express a variety of Fcγ receptors, including FcγRIIb1.
Mouse mast cells, for example, express three low-affinity
receptors for complexed IgG: FcγRIIb1, FcγRIIb2 and
FcγRIII.3 Similarly, RBL cells have been shown to express
the rat FcγRIIb1 isoform,4 the FcγRIIb2 isoform,5 and a
number of FcγRIII isoforms.6

The existence of FcγR-mediated inhibition does not pre-
clude the possibility that inhibitory antibodies may also func-
tion by simple competition for antigen. In the present report
we describe a further development of the RBL model for the
in vitro study of mast cell function7 in the presence of both
IgE and non-IgE antibodies. We report that the degranulation
of RBL cells is strongly inhibited by antibodies of the IgG1
subclass. Inhibition was effective over a wide range of
antigen/antibody concentrations. Other antibody isotypes
were only able to inhibit degranulation when sensitized cells
were challenged with immune complexes formed in over-
whelming antibody excess, and with high-valency antigen.
These results suggest that in addition to FcγR-mediated 
inhibition, in certain circumstances FcγR-independent mech-
anisms may be responsible for blocking antibody activity.

Materials and Methods

Preparation of antigens

A total of 100 mg ovalbumin (OVA; Sigma Chemical Co., St Louis,
MO, USA) was dissolved in 1 mL PBS, and 10 µL 25% glutaralde-
hyde (Ajax, Auburn, NSW, Australia) was added. The solution was
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mixed for 2 h on a rotary mixer and then dialysed extensively against
PBS.

Dinitrophenylated human serum albumin (HSA) was prepared by
the addition of 2 µL dinitrofluorobenzene (DNFB; Sigma) to 1 mL of
a 100 mg/mL solution of HSA (Sigma) in 1 mol/L NaHCO3. The
solution was mixed on a rotary mixer for 45 min at room tempera-
ture, and then dialysed against PBS. The substitution ratio was deter-
mined spectrophotometrically as previously described.8 Highly
substituted DNP-BSA was similarly prepared.

Production of antibodies

H-1ε anti-DNP and OVA6B anti-OVA IgE monoclonal antibodies
were raised as ascites, and antibody concentrations were quantified
by RBL degranulation assay as previously described.9 MOPC-315
murine IgA was raised as ascites. Antibodies were purified by ion
exclusion chromatography. Purity was confirmed by SDS-PAGE and
antibody concentration was quantified by ELISA assay against an
IgA standard.8 Polyclonal anti-DNP and anti-HSA antisera were
raised by immunization of outbred Wistar rats with 100 µg DNP-
BSA or 100 µg HSA in complete Freund’s adjuvant. Animals were
boosted after 14 days with antigen in incomplete Freund’s adjuvant,
and serum was collected at day 28. The DNP-1 (IgG1), DNP-16
(IgG2a) and DNP-11 (IgG2b) rat monoclonal anti-DNP antibodies
were purchased from Biogenesis Ltd (Poole, UK).

Rat basophil leukaemia assays

Cells were cultured in Dulbecco Modified Eagle’s Medium (DMEM,
Sigma), containing 10% foetal bovine serum (Trace, Castle Hill,
NSW, Australia), 1% L-glutamine (Trace), and 0.5% penicillin/
streptomycin (Trace) in 75 cm2 cell culture flasks (Greiner GmbH,
Frickenhausen, Germany). The cells were incubated in a humidified
37°C 5% CO2 incubator, harvested using Trypsin-Versene solution
(Trace) and spun for 10 min at 200 g in a Beckman model TJ-6 
centrifuge (Beckman, Palo Alto, CA, USA). Nunclon (Nunc,
Roskilde, Denmark) sterile flat-bottomed 96-well cell culture plates
were seeded with 5 × 104 cells/well in supplemented DMEM, also
containing 2µL 3H-serotonin (hydroxytryptamine creatine sulphate,
1.1 × 1012 Bq/mmol, Dupont NEN, Boston, MA, USA) per mL of
medium. The plates were incubated for 24 h in a humidified 37°C
5% CO2 incubator. The medium was then discarded, and cells were
sensitized with 100 µL/well anti-DNP or anti-OVA IgE (1 µg/mL)
diluted in DMEM and incubated for 3 h. The medium was removed
and 100 µL/well challenge solution was added. Challenge solutions
included antigen alone (DNP-HSA), as well as immune complexes
formed by the pre-incubation of antigen and various antibody prepa-
rations. Plates were then incubated for 30 min. Twenty-µL samples
were removed from each well and placed in the corresponding well
of a Wallac 96-well sample plate (Wallac Oy, Turku, Finland). The
remaining medium in the Nunc cell culture plate was discarded and
100 µL/well 1% Triton X-100 (Sigma) was added to lyse cells and to
disperse unreleased serotonin. A 20-µL sample of lysate was then
removed from each well and placed in the corresponding well of a
second Wallac sample plate. A total of 200 µL OptiPhase ‘HiSafe’
scintillant (Wallac) was then added to each well of the two plates.
The plates were sealed and shaken gently for 15 min before reading
with a 1450 Microbeta Plus liquid scintillation counter (Wallac Oy).
The percentage of serotonin released upon antigen challenge was
then calculated. Four-fold replicates were set up for each anti-
body–antigen combination, from which the means and standard
errors were calculated. All plates included wells challenged with
A23187 ionophore and anti-IgE antibodies as positive controls. 
Negative controls included unsensitized cells and sensitized cells
challenged with medium alone.

ELISA assays

An ELISA was used to determine the saturating concentration of
antibody for use in determinations of antibody affinity. Flat-
bottomed 96-well PolySorp plates (Nunc) were coated overnight at
4°C with 100 µL/well 10 µg/mL DNP32-HSA (Sigma) diluted in 
carbonate coating buffer (pH 9.6). The plates were washed with 0.1%
Tween 20/PBS and blocked for 1 h at 37°C with coating buffer 
containing 1% skim milk powder (SMP). After washing the plates,
doubling dilutions of antibody were added to the plates and incu-
bated for 1 h at 37°C. The plates were then washed and incubated for
a further 45 min at 37°C with peroxidase-labelled goat anti-mouse 
or goat anti-rat IgG (Kierkegaard and Perry Laboratories, Gaithers-
burg, MD, USA), at a dilution of 1:1000 in diluting buffer
(1%SMP/PBS/Tween 20). The plates were thoroughly washed with
washing buffer and then distilled water, and finally incubated for 10
min at room temperature with 5′-5′ tetramethylbenzidine (TMB;
Sigma) substrate. The reaction was stopped using 2 mol/L H2SO4

and the optical density at 450 nm (OD450nm) was measured using a
BioRad 3550 Microplate reader (Bio-Rad, Hercules, CA, USA).
Triplicate wells were set up for all antibody concentrations, and
mean OD values for each sample were determined.

Thiocyanate elution assay

The affinity of antibodies for their specific antigen was determined
by a modification of the aforementioned assay, in which plate-bound
antibodies were incubated for 15 min at room temperature in the
presence of chaotropic thiocyanate ions at differing molarities.8

Ammonium thiocyanate in 0.1 mol/L phosphate buffer, pH 6.0, was
used at molarities ranging from 0 to 6.5 mol/L. The plates were then
washed and the assay was then completed as described here. The
affinity of the antibodies (the I50) was calculated as the molar con-
centration of thiocyanate ions producing a 50% reduction in
absorbance when compared with thiocyanate-free wells. A high anti-
body affinity is reflected by the high concentration of thiocyanate
ions required to disrupt antigen–antibody binding.

Statistics

Results were analysed using the unpaired t-test, and statistical sig-
nificance was accepted at the 5% level.

Results

Determination of antibody affinity

The affinities of the monoclonal antibodies (H-1ε IgE,
MOPC-315 IgA, DNP-1 IgG1, DNP-16 IgG2a, DNP-11
IgG2b) for the hapten DNP was determined by thiocyanate
elution assay, and the thiocyanate I50 concentrations are pre-
sented in Table 1.

The murine H-1ε IgE antibodies were shown to be of rel-
atively low affinity, with an I50 of between 2 and 2.5 mol/L.
MOPC-315, a mouse IgA anti-DNP antibody, had the highest
affinity with an I50 of between 6 and 6.5 mol/L. Two rat IgG
monoclonals, DNP-1 and DNP-16, were of moderate affinity
while DNP-11 was of low affinity.

Inhibition with polyclonal antibodies

Initial experiments investigated the ability of polyclonal anti-
body preparations to inhibit degranulation of IgE-sensitized
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cells. The results are presented as Fig. 1. Neither antisera nor
normal rat serum was able to induce degranulation of unsen-
sitized cells (Fig. 1a). Antibodies directed against both
hapten and carrier determinants complexed with DNP-HSA
were tested on cells sensitized with anti-DNP IgE. Both anti-
sera led to a significant inhibition of RBL cell degranulation
(Fig. 1b). No such inhibition was seen when cells were chal-
lenged with antigen and normal rat serum.

To determine whether or not the inhibitory effect observed
was FcγR mediated, we next investigated whether IgG-
containing immune complexes were able to interfere with IgE
directed against a second antigen. The RBL cells were sensi-
tized with IgE anti-OVA antibodies, and challenged with
aggregated OVA (1 µg/mL) in the presence of immune com-
plexes formed by the incubation of DNP8-HSA (100 ng/mL)
with varying concentrations of rat anti-DNP antibodies. 
Doubling dilutions of polyclonal anti-DNP anti-serum were
used from an initial dilution of 1:10. A representative assay
is shown as Fig. 1(c). No inhibition was observed. A similar
lack of inhibition was also seen when anti-DNP sensitized
RBL cells were challenged with specific antigen in the pres-
ence of aggregated IgG or OVA/anti-OVA immune complexes
(data not shown).

Inhibition with monoclonal antibodies

The ability of IgG anti-DNP antibodies of differing subclasses
and of high-affinity murine IgA MOPC-315 anti-DNP anti-

bodies to induce cell degranulation was then investigated by
challenging RBL cells with immune complexes. These
immune complexes were formed by the pre-incubation of
varying concentrations of rat IgG1, IgG2a or IgG2b, or
MOPC 315 anti-DNP antibodies and constant concentrations
of DNP8-HSA. The immune complexes so formed were then
added to cultures of RBL cells. The results showed that
IgG2a-containing immune complexes were able to directly
induce RBL cell degranulation (Fig. 2a). This degranulation
appeared to be FcεRI-mediated, because no such degranula-
tion occurred when RBL IgE receptors were first saturated
with anti-OVA IgE (Fig. 2b).

The ability of the various antibodies to block IgE-
mediated degranulation was then investigated by challenging
H-1ε IgE anti-DNP sensitized RBL cells with immune com-
plexes. A striking inhibition was seen in the case of DNP-1
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Table 1 Antibody affinities as determined by ammonium thio-
cyanate elution

A high antibody affinity is reflected by a high thiocyanate I50.

Figure 1 Inhibition of degranulation of anti-DNP IgE-sensitized cells by polyclonal antibody preparations. (a) Effect of the addition of
normal rat serum (NRS) to unsensitized cells; (b) the effect of the addition of (C) NRS, (▫) anti-DNP and (l) anti-HSA polyclonal anti-
bodies to sensitized cells. The addition of immune complexes, formed by the incubation of doubling dilutions of polyclonal anti-DNP anti-
serum and 100 ng/mL DNP8-HSA, in the presence of challenge-aggregated OVA (1 µg/mL) to IgE anti-OVA sensitized rat basophil leukaemia
(RBL) cells is seen in (c). All error bars are the standard error of the mean. Error bars not visible in (a,b) are too small to be seen.

Figure 2 Addition of immune complexes to rat basophil
leukaemia (RBL) cell cultures. In (a) the immune complexes were
formed by the incubation of varying concentrations of rat (▫)
IgG1, (C) IgG2a, (n) IgG2b and (l) mouse IgA anti-DNP anti-
bodies and constant concentrations of DNP8-HSA. Complexes
were then added to unsensitized RBL cell cultures. (b) shows the
addition of IgG2a-containing immune complexes of DNP8-HSA
to RBL cells (l) unsensitized and (▫) sensitized with irrelevant
(anti-ovalbumin) IgE. All error bars are the standard error of the
mean. Error bars not visible in (a,b) are too small to be seen.

Antibody Species Isotype Thiocyanate I50

H-1ε Mouse IgE 2 < I50 < 2.5 mol/L
MOPC-315 Mouse IgA 6 < I50 < 6.5 mol/L
DNP-1 Rat IgG1 4 < I50 < 4.5 mol/L
DNP-16 Rat IgG2a 2.5 < I50 < 3 mol/L
DNP-11 Rat IgG2b I50 < 1 mol/L



IgG1 anti-DNP antibodies (Fig. 3). Inhibition was particu-
larly effective using immune complexes formed in the pres-
ence of lower concentrations (100 ng/mL) of DNP8-HSA.
Significant inhibition was seen when cells were challenged
with antigen in the presence of just 32 ng/mL DNP-1, while
1000 ng/mL DNP-1 reduced degranulation to background
levels. Immune complexes formed in the presence of the
highest concentration of DNP8-HSA (1000 ng/mL) were only
inhibitory at the highest antibody concentrations tested. In
the presence of 1000 ng/mL DNP-1, the percentage degran-
ulation was reduced to 18.6%. Similar trends were seen when
sensitized cells were challenged with immune complexes
containing lower valency DNP4-HSA (data not shown).

Neither rat IgG2a, rat IgG2b nor murine IgA antibodies
were able to inhibit IgE-mediated degranulation over the
same range of DNP8-HSA concentrations. Figure 4(a) shows
the results of experiments where sensitized cells were chal-
lenged with rat IgG-containing immune complexes or mouse
IgA-containing immune complexes formed in the presence 
of 250 ng/mL DNP8-HSA. No inhibition was seen. Similar
results were obtained with antigen concentrations of 100
ng/mL and 1000 ng/mL (data not shown). However, signifi-
cant inhibition was seen when sensitized cells were chal-
lenged with immune complexes formed from very low
concentrations of high-valency DNP32-HSA (1 ng/mL) and
high concentrations of antibodies (Fig. 4b). Under these 
conditions, the high-affinity MOPC-315 murine IgA anti-
bodies showed good levels of blocking activity, while the
low-affinity IgG2b antibodies failed to significantly inhibit
degranulation (Fig. 4b). IgG1 antibodies remained the most
effective blocking antibodies.

Discussion

Desensitization therapy, in which allergic individuals are
repeatedly challenged with very low doses of allergen, has
been an effective therapy for allergies for many decades. The
therapy was originally conceived at a time when the most
basic aspects of the allergic reaction were unknown. Allergies
were hypothesized to result from the action of environmental
toxins. The success of vaccines targeting bacterial toxins led
to the hope that appropriate exposure to allergens could sim-
ilarly lead to the production of protective antibodies against
allergy-producing toxins.10 Despite this misunderstanding,
the therapy has proven successful, particularly in the treat-
ment of insect sting anaphylaxis, allergic rhinitis and
asthma.11

Following the identification of IgE antibodies and of their
role in the allergic reaction, desensitization therapy was
shown to be accompanied by elevated allergen-specific IgG
antibodies (reviewed in12). Such IgG antibodies have long
been believed to function by virtue of their direct competition
with cell-bound IgE for allergen binding.1 In vitro experi-
ments of Daeron et al. have recently challenged this view by
demonstrating the ability of FcγR to inhibit IgE-mediated cell
functions.2 The low-affinity FcγRIIB isoform has an intra-
cytoplasmic domain containing an immunoreceptor tyrosine-
based inhibition motif (ITIM).13 Coaggregation of this
receptor with FcεRI promotes the phosphorylation of
FcγRIIB by FcεRI-associated lyn and the subsequent binding
of the inhibitory inositol polyphosphate-5-phosphatase SHIP
to the ITIM.14

The existence of such a regulatory mechanism may help
explain the mechanism of allergen desensitization therapy,
but it does not rule out the possibility that blocking anti-
bodies could also function in a purely competitive fashion.
The studies reported here were undertaken to address this
issue.

The studies of Daeron et al. were conducted using RBL
cell lines transfected with a number of murine FcγR con-
structs.2 In our simpler model, we have demonstrated that
IgG antibodies are capable of inhibiting IgE-mediated
degranulation of untransfected RBL cells. The fact that anti-
serum containing IgG anti-HSA antibodies was able to 
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Figure 3 Challenge of H-1ε IgE anti-DNP sensitized rat
basophil leukaemia (RBL) cells with immune complexes formed
with varying concentrations of DNP-1 IgG1 anti-DNP antibodies
and (▫) 1000 ng/mL DNP8-HSA, (l) 250 ng/mL DNP8-HSA and
(C) 100 ng/mL DNP8-HSA. All error bars are the standard error
of the mean. Error bars not visible are too small to be seen.

Figure 4 Challenge of H-1ε IgE anti-DNP sensitized rat
basophil leukaemia (RBL) cells with immune complexes con-
taining (a) 250 ng/mL DNP8-HSA and varying concentrations of
anti-DNP rat (▫) IgG2a, (l) IgG2b and (C) mouse IgA antibod-
ies; and (b) 1 ng/mL DNP32-HSA and varying concentrations of
anti-DNP (▫) mouse IgA, (l) rat IgG2a, (C) IgG2b and (n) IgG1
antibodies. All error bars are the standard error of the mean. Error
bars not visible in (a,b) are too small to be seen.



influence anti-DNP IgE-mediated function, and that inhibi-
tion was seen only when IgG and IgE antibodies were both
directed against a single antigen, suggest that the inhibition
could result from the cross-linking of FcγR and FcεR.

We next examined blocking activity in the RBL model
using a wide range of antigen–antibody concentrations and
using monoclonal antibodies of different isotypes and affini-
ties. By using carrier proteins substituted to varying degrees
with hapten moieties, we were also able to model the conse-
quences of antigen valency upon their activity.

IgG1 antibodies were shown to have the strongest 
blocking activity. Inhibition was seen with both low- and
high-valency antigens, and was particularly evident at lower
concentrations of challenge antigen, where more IgG is avail-
able to bind to each antigen molecule. It may be that this
activity is a result of the higher affinity of rat IgG1 for
FcγRIIb1, though the affinities of the rat IgG subclasses for
this receptor have not been reported in the literature. Cer-
tainly among the human IgG subclasses, IgG1 antibodies
bind with the highest affinity to FcγRIIb1.15

The inhibitory activity of other competing isotypes was
only evident when immune complexes were formed using
extremely low concentrations of very-high-valency antigen.
The inhibition effected by murine IgA and rat IgG2a anti-
bodies was seen only when using DNP32-HSA (1 ng/mL) as
the challenge antigen. In these conditions, where immune
complexes were formed in conditions of substantial antibody
excess, sufficient masking of antigenic determinants may
have limited interactions between the immune complexes and
cell-bound IgE. Such masking could equally occur with lower
valency antigens, but low-valency antigens are unable to
induce degranulation at low antigen concentrations.16

The failure of DNP-11 antibodies to similarly inhibit degran-
ulation may be a reflection of the low affinity of these anti-
bodies, and the possibility that higher affinity antibodies of
the rat IgG2b isotype could function as blocking antibodies
cannot be excluded.

The activity of rat IgG2a antibodies is clearly complex.
These antibodies are able to bind to FcεRI with low affinity,17

and we have shown here that they can induce the degranula-
tion of RBL cells when FcεRI are unoccupied by IgE. Mast
cells bearing free FcεRI have been reported, for example, in
the peritoneal cavity of rats,18 despite the very high affinity
of FcεRI for IgE. Paradoxically, when FcεRI are saturated
with specific IgE, IgG2a antibodies in some circumstances
are able to inhibit IgE-mediated degranulation.

In the rat, IgG1 is a Th1 cytokine-driven antibody sub-
class, while IgG2a, IgG2b and IgE arise during a Th2-type
response.19 It would therefore appear that a switch from a Th2
to a Th1 response not only leads to a down-regulation of IgE
production, but may also lead to the appearance of antibodies
that can inhibit IgE-mediated function. In certain circum-
stances, however, it appears that other antibody isotypes
including Th2 cytokine-regulated isotypes are able to influ-
ence mast cell function by epitope masking.

In the human, IgG1 antibodies bind with the highest affin-
ity of the IgG subclasses to FcγRIIb1,15 and clinical studies
have shown that some blocking activity is the result of the
action of IgG1 antibodies. For example, rising allergen-
specific IgG1 concentrations have been associated with 
clinical improvements in patients undergoing immunotherapy 

for allergic disease.20 Such changes in antibody production
may result from a switch from a Th2 to a Th1 response.
Although the relationship between IgG subclass production
and Th1/Th2 activity has not been fully characterized, during
infections such as tuberculosis and tuberculoid leprosy,
which are associated with a strong Th1-type response, high
IgG1 antibody concentrations have been reported.21 On the
other hand, infections which are associated with Th2 activity
suggest that Th2 activity promotes IgG2 and IgG4 produc-
tion. IgG2 antibodies are conspicuous in lepromatous
leprosy21 and human filariasis has been associated with IgG2
and IgG4 antibodies.22 Yet IgG4 antibodies, which bind to
human FcγR with a lower affinity than IgG1 antibodies, have
also been reported to display IgE-blocking activity.1

The results presented here suggest that in the RBL model,
antibodies can mediate blocking activity through both an
FcγR-dependent mechanism and by FcγR-independent
epitope masking. It is possible that in the human, both block-
ing mechanisms may also operate. A number of studies have
shown greater effectiveness of allergen desensitization for
inhalant allergens in exposures of low allergen concentration,
and that allergen desensitization is less effective in environ-
ments of higher allergen exposure.11 The present study 
suggests that in the latter circumstance, only FcγR-dependent
blocking antibodies may substantially inhibit IgE antibody
activity.
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