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Summary

Background Blocking antibodies are defined as antibodies that compete with IgE for
binding to allergens due to their specificity for those allergens. Thus, they may inhibit
allergen-induced basophil and mast cell IgE-dependent mediator release bothin vivoandin
vitro.
Objective The present study was designed to evaluate the ability of antibodies isolated
from human plasma samples on aDactylis glomerata(Cocksfoot) pollen affinity-column to
inhibit theDactylispollen-induced histamine release from human basophils (BHR)in vitro.
Methods Antibodies from Ig pools containing either high or low IgG4 anti-Dactylispollen
were purified on aDactylispollen affinity-column and then separated on an anti-human IgE
column. Obtained Ig fractions were incubated for 30 min withDactylis pollen allergens
prior to incubation with basophils fromDactylis pollen-allergic donors. Cell supernatants
were assessed for histamine content and the inhibition of BHR was calculated.
Results Unlike control non-isolated Igs, the antibodies isolated on theDactylis pollen
column were able to inhibit efficiently and in a dose-dependent mannerDactylis pollen-
induced BHR. The inhibitory activity was increased in isolated antibody samples that had
high IgG4 levels. Antibodies isolated on theDactylispollen column, however, consisted not
only of true allergen-specific (potentially blocking) antibodies but also of autoanti-IgE
binding to allergen-specific IgE and mistaken for allergen-specific antibodies, thus opening
to question the involvement of the true allergen-specific antibodies in the BHR-inhibitory
activity. Unlike the true allergen-specific antibodies, the autoanti-IgE were retained on and
eluted from the anti-IgE column. Results showed that both the autoanti-IgE-depleted and
the autoanti-IgE-containing fractions accounted for the inhibition observed with the related
non-depleted sample that had been isolated on theDactylispollen column.
Conclusion For the first time, the true blocking activity of allergen-specific antibodies is
demonstrated, that is, in the absence of the autoanti-IgE which can also inhibit BHR.
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Introduction

The mechanisms by which specific allergen immunotherapy
leads to the improvement of allergic symptoms are still

Clinical and Experimental Allergy, 1996, Volume 26, pages 1308–1315

1308 # 1996 Blackwell Science Ltd

Correspondence: Dr B. Basuyaux, Recherche et De´veloppement, Labor-
atoire Franc¸ais du Fractionnement et des Biotechnologies, 3 avenue des
Tropiques BP305, F-91958 Les Ulis Cedex, France.



unclear. Sixty years ago, Cookeet al.introduced the concept
‘of a peculiar blocking or inhibiting type of antibody that
prevented the action of allergen on the sensitizing antibody’,
that ‘developed under treatment’, and that ‘appeared to be
specific’ [1] (our emphasis). Thus, due to their specificity for
allergens, blocking antibodies can compete with IgE for
allergen binding. IgE/IgG competition can result in decreased
allergen-dependent cross-linking of basophil and mast cell-
bound IgE and therefore lead to inhibition of mediator
release from those cells.

Since then, many groups have searched for antibodies
directed towards IgE-binding allergens, that could poten-
tially have blocking activity on allergen-induced mast cell
and basophil histamine release (BHR). According to a
number of studies, potentially blocking antibodies are
found mainly in the IgG4 subclass, although IgG1 might
also be blocking (reviewed in [2]). Recently, we demon-
strated that not only IgG4 and IgG1 but also IgA2 antibodies
may have blocking activity due to their specificity for IgE-
binding components ofDactylis glomeratapollen [3]. It has
been shown that the inhibitory activity of human antibodies
on antigen-induced BHRin vitro was due mainly to IgG4
[2,4] and to a lesser extent to IgG1 [2], both antibodies
apparently being specific for the BHR-inducing antigens
since they were retained by a gel to which those antigens
were coupled. The exclusive role of allergen-specific anti-
bodies in this inhibitory activity has become uncertain,
however. Indeed, it has been demonstrated that autoanti-
bodies to IgE (autoanti-IgE), which occur in normal and
atopic human serum (reviewed in [5]), can be mistaken for
allergen-specific antibodies since they bind to allergen-
specific IgE [6]. Moreover, it has been shown recently
that autoanti-IgE might also modulate allergen-induced
BHR [7], therefore opening to question the whole blocking
antibody concept. In this respect, and consistent with the
findings of Jensen-Jarolimet al. [6], we have shown that
Igs retained on aDactylis pollen column consisted not
only of antibodies strictly specific forDactylis pollen
antigens but also of autoanti-IgE [8]. Importantly, a very
significant part of autoanti-IgE is of the IgG1 and IgG4
isotypes [5,8–12].

In order to appreciate the true nature of blocking activity,
the present work was undertaken to determine the BHR-
inhibiting activity of true allergen-specific and autoanti-IgE
antibodies. First, antibodies isolated on aDactylis glomerata
(Cocksfoot) pollen affinity column [8] were studied using
the in vitro human BHR model [13]. Antibodies were
preincubated withDactylispollen allergens prior to incuba-
tion with the basophils to evaluate their ability to inhibit the
subsequent allergen-induced BHR. Then, antibody fractions
from which autoanti-IgE had been depleted were studied.
Since, to our knowledge, the BHR-inhibitory activity of
autoanti-IgE had not been investigated previously, we

alsostudied the autoanti-IgE-containing fractions in the same
system.

Materials and methods

Pollen extract

The grass pollen extract used in this study was made using a
previously described procedure [14]. Briefly, 50 mg of
Dactylis glomeratapollen obtained from Institut Pasteur
(Paris, France) were incubated with 450�L of deionized
water for 1 h at room temperature, with constant agitation on
a roller. The mixture was then centrifuged for 5 min at
9000g. The protein concentration of the supernatant, here-
after called ‘pollen extract’, was 10 mg/mL according to a
Lowry assay [15] using BSA as a standard. TheDactylis
pollen extract has been charaterized in a two-dimensional
gel electrophoretic analysis [16].

Ig sources

Twenty-six plasma specimens previously selected on the
basis of their having high levels ofDactylis pollen-
specific IgG4, as detected by an ELISA, and referred
to as ‘IgG4� plasma’ [3] were pooled. They were mainly
from desensitized grass pollen-allergic patients [3,17].

IgGAM [18] (BioTransfusion, Villepinte, France) is an Ig
solution that had been prepared by ethanol fractionation of
over 10 000 plasma samples according to Deutschet al. [19]
and Nitschmann and Kistler [20,21], as modified by
Steinbuchet al. [22], and corresponds to the subfraction
#3 of this fractionation. Most of the starting plasma samples
were obtained from non-atopic subjects and therefore con-
tained low levels of IgG4 anti-Dactylis pollen allergens
[3,17]. IgGAM contained over 95% Ig [18]. Isotypic com-
positions of pooled IgG4� plasma and IgGAM, as calcu-
lated from previously obtained data [8], are shown in
Tables 1 and 2.

A control sample consisting of an intramuscular-injectable
normal IgG preparation (Polygamma, Gamma TS, France)
had been produced by the ethanol fractionation procedure
described above, where it corresponds to the subfraction #2
[19–22]. It contained over 95% IgG. We used this pure Ig
solution as a control, and not plasma samples, since the
latter might contain either histamine releasing (HRF) or
inhibiting (HIF) non-Ig factors [23].

Dactylis pollen and anti-IgE affinity-chromatography

Three hundred and fifty millilitres of pooled IgG4� plasma
and, in another experiment, 630 mL of IgGAM were passed
over 25 mL of packed CNBr Sepharose 4B gel (Pharmacia,
Sweden) coupled to 2.8 mg/mL ofDactylis pollen extract
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proteins, as previously described [24]. After extensive
washing, elution was performed with 0.1 M citric acid/
glycine buffer, pH 2.5, leading to the complete removal
of the bound antibodies [24]. Eluted antibodies were
immediately neutralized with solid Tris(hydroxymethyl)-
aminomethane (Merck, Germany), concentrated six times
and then dialysed against 0.1 M phosphate buffer pH 7.5 for
16 h at 48C. They were >95% pure (data not shown). Eluted
antibodies were then passed at 14 mL/h through 5.5 mL of
CNBr Sepharose gel coupled to 2.5 mg/mL of goat poly-
clonal anti-human IgE Fc (Nordic Immunology, Norway) as
previously described. The immunosorbent was washed and
retained antibodies were eluted and neutralized as described
above. In order to control the specificity of the anti-IgE
column, a human Ig solution with no detectable IgE
(Allergam, Gamma TS, France), obtained by the fractiona-
tion procedure described above from subfractions #1, #2, #3
[M. Steinbuch, pers. comm.], was passed over the column.
None of the Igs bound to the immunosorbent (data not
shown). Isotypic compositions of chromatographic fractions
from the two columns, as calculated from previously
obtained data [8], are given in Tables 1 and 2.

Autoanti-IgE ELISA

An ELISA modified from Nawataet al. [25] was used to
assess the presence of autoanti-IgE. Briefly, 96-well micro-
titre plates were coated with purified myeloma IgE (PS) and
blocked with 1% (m/v) BSA in PBS–0.1% (v/v) Tween 20.
Antibody samples were added to the wells and, after wash-
ing, bound autoanti-IgE were detected using a horseradish
peroxidase-anti-human Ig conjugate.

Cells and BHR experiments

Leucocytes of 13Dactylis pollen-allergic patients were
isolated out of the grass pollen season, in order to avoid
high spontaneous BHR [26]. The allergen dilution eliciting
maximal BHR was determined for every donor and used
subsequently for thesein vitro experiments, conducted as
follows. Briefly, leucocytes were isolated according to May
et al. [27]. Next, 0.1 mL of a dilution of allergen alone,
allergen preincubated (30 min, room temperature) with the
antibody sample to be evaluated, or antibody sample alone,
was mixed with 0.9 mL of cell suspension. Duplicate
samples were incubated for 30 min at 378C, with constant
agitation. The tubes were then centrifuged (400g, 10 min,
48C), except for the samples used for the determination of
total histamine content. A volume of 0.9 mL of supernatant
(or cell suspension) was mixed with 0.1 mL of 4 N per-
chloric acid and, after centrifugation, the histamine content
was quantified by an automatized fluorometric method
[28], based on the original technique of Shoreet al. [29].
The percentage BHR was calculated with the formula
(H ÿ H0%)/(H100%ÿ H0%)� 100, where H�mean of
fluorometric readings for the experimental supernatants,
H0%� spontaneous BHR, and H100%� total histamine con-
tent. Inhibition of BHR obtained with a given concentration
of antibody sample was calculated with the following
formula [(%All ÿ %(All�Ac))/%All )]� 100, where percen-
tageAll � percentage BHR due to the pollen extract only,
and percentage(All�Ac)� percentage BHR due to pollen
extract preincubated with the antibody fraction.

Statistics

Regression line equations and Spearman’s rank correlation
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Table 1. Distribution of Ig isotypes in antibody fractions isolated
successively on aDactylispollen column and then on an anti-IgE
column from a pool of 26 plasma samples with high levels of IgG4
anti-Dactylis pollen, mainly from desensitized grass pollen-
allergic subjects (IgG4� plasma)

Dactylis pollen column Anti-IgE column

Sample Eluate Flow-through Eluate
% % % %

IgG 74 62* 65y 67z
IgA 13 8 6 8
IgM 13 30 29 24
IgE 0.01 0.6 0.001 1

*31% IgG1, 38% IgG2, 3% IgG3, 25% IgG4.y40% IgG1, 31%
IgG2, 3% IgG3, 26% IgG4.z28% IgG1, 46% IgG2, 3% IgG3, 24%
IgG4.

Table 2. Distribution of Ig isotypes in antibody fractions isolated
successively on aDactylis pollen column and then on an anti-
human IgE column from an Ig pool with low levels of IgG4 anti-
Dactylis pollen, mainly from nonatopic subjects (IgGAM)

Dactylis pollen column Anti-IgE column

Sample Eluate Flow-through Eluate
% % % %

IgG 65 46* 44y 51z
IgA 15 12 15 3
IgM 20 42 41 46
IgE 0.000 0.02 0 0.05

*36% IgG1, 59% IgG2, 0.4% IgG3, 5% IgG4.y46% IgG1, 48%
IgG2, 0.6% IgG3, 6% IgG4.z17% IgG1, 81% IgG2, 0.1% IgG3,
2% IgG4.



coefficients were assessed using StatView II software
(Abacus Concept Inc., USA).

Results

Control Ig

The biological activity of the control Ig was evaluated with
leucocytes of five different allergic donors (results not
shown). The control Ig itself induced from 0 up to 91%
BHR (mean� 39%) when incubated at 0.5�g/mL with
these cells. When the control Ig was preincubated with
Dactylispollen extract, slight inhibition of allergen-induced
BHR rarely occurred, was less than 12% (range� 0–12%;
mean� 5%) with an Ig (�g):pollen protein (ng) ratio rang-
ing from 0.01–10, and was not dose-dependent.

Antibodies isolated on theDactylispollen affinity column

The antibody fraction isolated on theDactylispollen column
from pooled IgG4� plasma was first incubated alone, at
concentrations ranging from 0.5 to 5�g/mL, with leucocytes
from six different donors. In no case was BHR observed
(results not shown). On the other hand, when this antibody
fraction was preincubated withDactylispollen extract, a dose-
dependent inhibition of allergen-induced BHR was observed,
as shown in Fig. 1. As shown in Fig. 2, obtained from

experiments performed with leucocytes from seven different
patients, this inhibition could be total with an Ig (�g):
pollen protein (ng) ratio as low as 1. For a given ratio, great
variability in the inhibition rate, however, was observed from
one leucocyte donor to another. On average, 50%-inhibition
was observed at a ratio of 1.2�g of Ig to 1 ng of pollen
proteins.

The antibody sample isolated on theDactylis pollen
column from IgGAM was first incubated alone at concen-
trations ranging from 0.5 to 5�g/mL with leucocytes from
four different donors. BHR was observed in only one case,
the extent of which was 18%. When this antibody fraction
was preincubated withDactylis pollen extract, dose-
dependent inhibition of allergen-induced BHR was observed,
as shown in Fig. 3. However, as observed with antibodies
isolated from the pooled IgG4� plasma, great variability in
the degree of inhibition was observed from one leucocyte
donor to another (Fig. 4). On average, 50% inhibition was
observed at a ratio of 35.8�g of Ig to 1 ng of pollen proteins.

Antibody fractions of anti-IgE chromatography

Antibodies isolated on theDactylis pollen column were
compared with the antibodies that, among them, bound to
and eluted from the anti-IgE column, and to the antibodies
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Fig. 1. Inhibition of in vitro BHR of a representativeDactylis
pollen-allergic patient by antibodies isolated on aDactylis pollen
column from a pool of plasma samples with high levels of IgG4
anti-Dactylis pollen (IgG4� plasma). Antibodies were preincu-
bated at the indicated concentrations with aDactylispollen extract
prior to incubation with the basophils.

Fig. 2. Inhibition of in vitro BHR by antibodies isolated on a
Dactylis pollen column from a pool of plasma samples with high
levels of IgG4 anti-Dactylis pollen (IgG4� plasma). Antibodies
were preincubated at the indicated concentrations with aDactylis
pollen extract, prior to incubation with basophils of seven different
Dactylispollen-allergic patients (one experiment/patient). ED50�

average Ig (�g):pollen extract (ng of proteins) ratio eliciting 50%
BHR-inhibition.



that passed through this column without binding (i.e. the
flow-through). The latter contained no significant autoanti-
IgE according to the autoanti-IgE ELISA (absorbance was
< 10 mDO, that is, on the order of the background level).
Figure 5 is representative of the results obtained, in that all
fractions tested inhibited BHR to a similar extent and in a
dose-dependent manner.

Discussion

The control Ig, which was not passed through theDactylis
pollen column, itself induced up to 91% BHR. In contrast,
antibodies isolated on theDactylis pollen column did not
induce much BHR (<20%) when incubated alone with the
basophils at the same and even higher concentrations than
the control Ig. Moreover, unlike the control Ig, they inhib-
ited allergen-induced BHR effectively and in a dose-
dependent manner. Thus, theDactylis pollen affinity
chromatography allowed basophil-inhibitory antibodies to
be isolated in the eluate and appears to have eliminated
basophil-stimulating antibodies in the flow-through.
According to a recent report [30], at least part of the
basophil-stimulating antibodies recovered in the flow-
through of theDactylis pollen affinity-column must be
autoanti-idiotypic antibodies to grass pollen-specific IgE.
Precisely, we have shown that the flow-through very
probably contained autoanti-idiotypic antibodies, that

1312 T. Batardet al.

# 1996 Blackwell Science Ltd,Clinical and Experimental Allergy, 26, 1308–1315

Fig. 3 Inhibition of in vitro BHR of a representativeDactylis
pollen-allergic patient by antibodies isolated on aDactylis pollen
column from an Ig solution with low levels of IgG4 anti-Dactylis
pollen (IgGAM; BioTransfusion, France). Antibodies were pre-
incubated at the indicated concentrations with aDactylis pollen
extract prior to incubation with the basophils.

Fig. 4. Inhibition of in vitro BHR by antibodies isolated on a
Dactylispollen-column from an Ig solution with low levels of IgG4
anti-Dactylispollen (IgGAM; BioTransfusion, France). Antibodies
were preincubated at indicated concentrations with aDactylis
pollen extract prior to incubation with basophils of four different
Dactylispollen-allergic patients (one experiment/patient). ED50�

average Ig (�g):pollen extract (ng of proteins) ratio eliciting 50%
BHR-inhibition.

Fig. 5. Inhibition of in vitro BHR by: antibodies isolated on a
Dactylis pollen-column from a pool of plasma samples with high
levels of IgG4 anti-Dactylispollen (IgG4� plasma;h); antibodies
isolated on theDactylispollen column that passed through and did
not bind to an anti-human IgE column (flow-through;g); anti-
bodies isolated on theDactylis pollen column that bound to and
eluted from the anti-human IgE column (eluate;f). Antibodies
were preincubated with aDactylis pollen extract at the final
concentration of 0.1 ng/mL prior to incubation with the basophils
of a Dactylis pollen-allergic patient.



prevented some of the specific IgE from binding to
theDactylispollen column (Batard et al., Allergy, in press).

When comparing the average Ig (�g):pollen protein (ng)
ratios that elicited 50% inhibition, BHR-inhibiting activity
was 30 times more efficient when the test antibodies were
isolated from the Ig pool with high specific IgG4 (IgG4�

plasma pool) as compared with the Ig pool with low specific
IgG4 (IgGAM). Interestingly, IgE was exactly 30 times
more concentrated in the former than in the latter (see
Tables 1 and 2). This might explain the 30-fold greater
efficiency of the IgG4-enriched fraction in inhibiting
allergen-induced BHR, provided that IgE from test anti-
bodies that could compete with basophil membrane-bound
IgE for binding toDactylispollen allergens themselves did
not bind to the basophils. However, part of the inhibitory
antibody samples was not retained on the anti-IgE-column,
hence containing insignificant amount of IgE, but was still
inhibitory and to the same extent as the inhibitory samples
isolated on theDactylis pollen column. This indicates that
an isotype other than IgE was involved. IgG4 is the major
candidate as it was the only isotype that displayed patterns of
binding to Dactylis pollen antigens that paralleled those of
specific IgE [3], a higher antibody concentration when
isolated from IgG4� plasma than when isolated from
IgGAM, and a very similar proportion in the eluate of the
Dactylis pollen-column and in the flow-through of the anti-
IgE column (see Tables 1 and 2). This is further supported by
previous works which indicate that IgG4, a priori specific for
the IgE-binding antigens, is the main antibody involved in the
inhibition of antigen-induced BHR [2,4].

It had been shown previously that antibodies, especially
those of the IgG4 subclass, could act like and be mistaken
for allergen-specific antibodies and that they are actually
autoanti-IgE [5,6,8,10–12]. Others [6] and we (Batard et al.,
Allergy, in press) have shown that these autoanti-IgE
appearing aspseudo allergen-specific antibodies were
present in antibody samples that were retained on and
eluted from allergen-immobilized columns. They might, at
least in part, account for the inhibition of BHR observed
with apparently specific antibodies [2,4]. The present study
clearly shows that both the autoanti-IgE-depleted samples
and the autoanti-IgE-containing samples accounted for the
inhibitory activity of the related non-depleted samples.
Therefore, the inhibition due to antibodies isolated on the
Dactylispollen column acted through at least two different
mechanisms. One of the mechanisms can be considered as a
truly blocking one, in that non-IgE antibodies strictly
specific forDactylispollen allergens compete with IgE for
binding to the allergens, thus decreasing allergen-induced
BHR. As recently shown, it is not necessary that blocking
antibodies bind to the same epitopes on the allergen mol-
ecules as IgE [31]. In this respect, it has been suggested that
inhibition of BHR could be obtained by the co-aggregation

of Fc�RI and Fc
RII by an allergen molecule complexed to
both a specific IgE and a specific IgG [32]. Such a specific
IgG, albeit not directed towards the same epitope as the IgE,
still meets the definition of ‘blocking antibody’ first given
by Cookeet al. [1] (see Introduction).

It is the first time, to our knowledge, that a true blocking
activity is clearly demonstrated, that is, in the absence of
autoanti-IgE. In previous studies [2,4,33,34] autoanti-IgE
which could also act as inhibiting antibodies [7] were not
taken into account nor had they been removed from the true
blocking antibodies, and they should not be considered as
blocking antibodies since they are not specific for allergens.
Therefore, they must act through different mechanism(s).
They might prevent IgE from recognizing allergens either
by binding to the paratope (anti-idiotypic antibodies) or
by steric hindrance (anti-isotypic antibodies). The latter
hypothesis is the more likely, as large Ig complexes the
core of which is an IgE molecule can form [35] especially
when IgE are immobilized [36], such as on the basophil
membrane. Autoanti-IgE might also prevent basophils from
releasing histamine by removing IgE from Fc� receptors
[37]. The mechanism(s) actually involved remain(s) to be
elucidated. Nevertheless, IgG4 has been reported to be the
main antibody involved in inhibition of allergen-dependent
BHR, no matter if it was truly specific for the allergen or if
it was an autoanti-IgE mistaken for allergen-specific anti-
body [2,4]. Therefore, BHR-inhibiting autoanti-IgE were
very probably mainly of the IgG4 subclass. In this respect,
it is noteworthy that among IgG autoanti-IgE, IgG4 was
the subclass that complexed the most with IgE antibodies
[11].

Attempts to obtainin vitro histamine release from baso-
phils on challenge with affinity-purified or complexed
autoanti-IgE were unsuccessful in almost all cases
(reviewed in [38]). This indicates that autoanti-IgE is
more likely to possess BHR-inhibiting activity [7]. Results
we obtained support this hypothesis. Thus, although many
roles for autoanti-IgE have been put forward, such as the
possible regulation of IgE production at the B-cell level
[37], they might act in a far more straightforward manner,
i.e. directly on the effector cells of the allergic response. In
this respect, it has been shownin vitro that anti-IgE can
irreversibly desensitize rat mast cells [39] and human
basophils [40] for all subsequent IgE-mediated histamine
release. This suggests that those cells are both the main
targets and the main actors in allergen immunotherapy.
Indeed, basophils and mast cells are able to induce human
IgE synthesis in B cells [41], and they may orientate helper
T cells towards a ‘TH2-like’ phenotype [42]. Therefore,
‘deactivation’ of those cells, as observed with autoanti-IgE
or suboptimal doses of allergen [43–46], would first and
foremost improve the allergic symptoms and then, at a
later time, lead to decreased IgE production. Thein vivo

In vitro demonstration of true blocking antibodies 1313

# 1996 Blackwell Science Ltd,Clinical and Experimental Allergy, 26, 1308–1315



relevance of the true blocking as well as autoanti-IgE has
yet to be established.
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