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A B S T R A C T Alveolar macrophages from nonatopic
donors were passively sensitized with allergen-specific
IgE antibody from the serum of asthmatic patients. A
selective release of 4-8% of the lysosomal fl-glucuron-
idase of these cells occured within 30 min of contact
with the related allergen or with anti-human IgE an-
tibody, in the absence of any mast or basophil cells.
The cell reactivity was dependent on the interaction
of macrophages with IgE, as shown by the disappear-
ance of the allergen-induced enzyme release after
heating or IgE-immune adsorption of the sensitizing
serum, but not after IgG-adsorption. Alveolar mac-
rophages from asthmatic patients behaved similarly
to passively sensitized normal macrophages. Contact
with the related allergen or with anti-IgE antibody
induced the same percentage of enzyme release, dem-
onstrating that these cells possess allergen-specific IgE
bound on their surface. 18% of them formed rosettes
with anti-IgE-coated sheep erythrocytes, and 15-22%
with allergen-coated erythrocytes, but lost this prop-
erty after preincubation with the specific allergen. The
presence of IgE-specific receptors on the macrophage
surface was demonstrated both at the ultrastructural
level with immunoperoxidase labeling, and at low
magnification by the formation of 15-18% rosettes
with human IgE-coated erythrocytes. The formation
of such rosettes was inhibited after incubation of al-
veolar phagocytes with aggregated myeloma IgE. On
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the basis of these observations, the participation of the
alveolar macrophages in IgE-mediated pulmonary hy-
persensitivity must be considered. Its precise involve-
ment requires, however, further investigations.

INTRODUCTION

The first evidence of a direct interaction of IgE an-
tibody with the macrophage was obtained when study-
ing an antibody-dependent cell-mediated cytotoxicity
against larvae of Schistosoma mansoni (1-3) and Di-
petalonema viteae (4). These experiments showed that
such an interaction induced the activation of normal
mononuclear phagocytes from man and animals into
cytotoxic effector cells. The demonstration of an Fc
receptor for IgE on the surface of macrophages from
different species was then reported (5-10), and IgE
dimers were shown to represent the minimal molecular
size of IgE aggregates necessary to stimulate various
metabolic parameters of the cells (7). These observa-
tions have opened new concepts in the activation
mechanisms of macrophages, especially in human
pathologic situations where an interaction between
IgE and macrophages is likely to occur, particularly
in atopic diseases.

In a previous paper, we described the stimulation
of normal alveolar macrophages either by myeloma
IgE or by allergen-specific IgE from serum of asth-
matic patients that triggered lysosomal enzyme re-
lease, neutral protease synthesis, or superoxide anion
generation (11). Here, using the specific release of ly-
sosomal enzymes with anti-IgE or allergens as a screen-
ing parameter of cell reactivity, electron microscopy
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and rosette formation with anti-IgE- or allergen-sen-
sitized erythrocytes, we show that alveolar macro-
phages from asthmatic patients have surface-bound
IgE molecules in vivo, and are specifically triggered
by contact with the sensitizing allergens.

METHODS
Patients. The control population for the collection and

the in vitro culture of normal alveolar macrophages consisted
of 45 nonatopic patients (18 women and 27 men, mean age
35 yr), devoid of any bronchospastic manifestation, showing
negative cutaneous prick tests and, for 20 of them, a mean
value of 240±182 IU total IgE/ml of serum (normal range:
50-500 IU/ml).

21 asthmatic patients (7 women and 14 men, mean age
34 yr) were selected for macrophage isolation and triggering.
Allergic asthma was confirmed by clinical history, by respi-
ratory function tests, and with at least one positive cutaneous
test to the following allergens: house dust mite Dermato-
phagoides pteronyssinus (DP),' mixed grass pollens (GP)
(Laboratoires Stallergenes, 94260 Fresnes, France) and As-
pergillus fumigatus (Asp) (Centre d'Immunologie, Institut
Pasteur, Lille, France). The mean level of serum IgE, mea-
sured in all cases, was 1,528+1,469 IU/ml. The positivity of
the cutaneous tests was correlated with specific IgE assayed
by a radioallergosorbent test (RAST, Pharmacia Fine Chem-
icals, Uppsala, Sweden). In the asthmatic patients, the bron-
choalveolar lavage was carried out at least 2 wk after the
last acute bronchospastic reaction, and only if corticosteroids
or fl-adrenergic drugs had been discontinued for at least 1
wk. No treatment was given to prevent bronchospasm. 7 out
of 21 patients showed a discrete bronchospasm within a few
minutes after the fibroscopic procedure, but one or two puffs
of Salbutamol (Glaxo, London, United Kingdom) were suf-
ficient to stop the side effect. Both atopic and nonatopic
patients gave appropriate informed consent for lavage and
for experimental use of the alveolar cells.

Macrophage isolation. Alveolar lavages were performed
under fiberoptic bronchoscopy (BF2, Olympus Corporation
of America, New Hyde Park, NY) by injection of 50-ml
aliquots of 250 ml physiologic saline in a subsegmental bron-
chus. The first 50 ml, corresponding to bronchial lavage,
were recovered and discarded. The following four injections,
considered as the actual lavage, were recovered and centri-
fuged at 200 g for 10 min at 4°C. Cell counts and identi-
fications were carried out at all steps, using Giemsa and to-
luidine blue staining to evaluate accurately mast cell con-
tamination. The pellet was suspended to a cell concentration
of 106/ml in Eagle's minimum essential medium (MEM)
(Institut Pasteur Production, Paris, France) supplemented
with 10% heat-inactivated foetal calf serum (Flow Labora-
tories, Inc., Irvine, Scotland), 100 IU penicillin/ml and 50
Mgstreptomycin/ml (Specia, Paris, France). Cells (2.5 X 106)
were plated in 35-mm diam plastic petri dishes (Nunc, Ros-
kilde, Denmark) and allowed to adhere for 2 h at 37°C, in
a 5% CO2 incubator. After elimination of nonadherent cells,
alveolar macrophages, purified up to 97%, were either im-
mediately tested or further incubated overnight in the same
medium. The number of adherent cells in the petri dishes

1 Abbreviations used in this paper: Asp, Aspergillus fu-
migatus; DP, Dermatophagoides pteronyssinus; GP, grass
pollens; LDH, lactate dehydrogenase; PAF-acether, platelet
activating factor; SRBC, sheep erythrocytes.

was calculated by the difference between the number of cells
at the beginning of the incubation and the number of dis-
carded cells during the washing procedures (generally 50%).

Macrophage sensitization and stimulation. After over-
night culture, the alveolar macrophages from normal donors
were sensitized directly in the petri dishes by a 30-min in-
cubation at 370C either in 10 Mg/ml human myeloma IgE
protein (a generous gift from Dr. H. Bazin, Brussels), or in
serum from asthmatic patients (20% in MEM). After thor-
ough washing, the cells were incubated for 30 min with 10
Ml goat anti-human IgE/ml phenol red-free Hanks' balanced
salt solution (colorless HBSS), or with the allergen corre-
sponding to the serum sensitivity (generally 100 ng dry wt/
ml colorless HBSS). Supernatants were assayed for fl-gluc-
uronidase activity with p-nitrophenyl-ft-glucuronide as sub-
strate (12). The intracellular content of fl-glucuronidase was
measured by the same procedure after cell lysis with Triton
X-100 (0.05% in Tris MgCl2 0.01 M pH 7.4). For both su-
pernatant and cell lysate, the volume of the assay corre-
sponded to 2.0-2.5 X 105 macrophages. Histamine release
and total cell content was quantified by a fluorometric pro-
cedure (13). Positive controls consisted of human basophils,
isolated with the leukocytes of dextran-sedimented blood,
or rat peritoneal mast cells, degranulated by incubation with
1 ,umol ionophore A23187 (Eli Lilly & Co., Indianapolis, IN).

The freshly isolated (2 h) alveolar macrophages from asth-
matic subjects were immediately triggered, directly in the
petri dishes, by 10 Ml anti-IgE serum/ml, or by the allergen(s)
responsible for the observed pathology. As above, for the
normal macrophages, the fl-glucuronidase release was used
as a parameter of cell triggering. Macrophages from normal
donors, handled in the same conditions, served as controls.

The absence of cell lysis during cell triggering was ap-
preciated by the level of the cytoplasmic marker lactate
dehydrogenase (LDH) in the supernatant, assessed with
LDH Biochemica Test (Boehringer, Mannheim, West Ger-
many).

Sera from asthmatic patients and Ig depletion. For the
passive sensitization of normal macrophages, sera from asth-
matic patients were selected according to their IgE level,
measured by a radioimmunosorbent test for total IgE and
radioallergosorbent test for specific IgE (Pharmacia Fine
Chemicals). IgG or IgE depletion was carried out by solid-
phase immunoadsorption with anti-Ig Sepharose 4B (Phar-
macia Fine Chemicals).

Rosette assays. Sheep erythrocytes (SRBC) were treated
according to the method of Spiegelberg and Melewicz (14),
by successive incubation with trypsin, pyruvic aldehyde, and
formaldehyde. The fixed erythrocytes were coated either
with purified human myeloma IgE protein (IgE-SRBC) or
with rabbit IgG anti-human IgE (Dako, Copenhagen, Den-
mark) (anti-IgE-SRBC). For rosette assays, 1 X 105 alveolar
macrophages, recovered at the end of the 2-h adherence
phase by a rubber policeman at 0°C, were mixed with
1 X 106 indicator erythrocytes in a final volume of 200 Al,
centrifuged for 5 min at 100 g and incubated for 1 h, these
different steps being carried out at 4°C. The cells were then
gently mixed and counted in Fuchs-Rosenthal hemocytom-
eter. The percentage of rosette-forming macrophages was
appreciated on 200 cells. Macrophages with three or more
adherent erythrocytes were considered as rosettes.

An allergen-specific rosette assay was performed in the
same way after incubation of the fixed erythrocytes with one
of the following allergens: Dermatophagoides pteronyssinus
(DP-SRBC), mixed grass pollens (GP-SRBC), or Aspergillus
fumigatus (Asp-SRBC). For allergen- as well as IgE-rosettes,
spontaneous rosette formation was measured with control
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erythrocytes sensitized, after fixation, with L-lysine 0.1 M,
and subtracted from specific rosettes. In some experiments,
alveolar macrophages were first incubated with human IgE
(10,gg/ml) aggregated with dimethylsuberimidate (15, 16)
or with the related allergen (5 sg/ml) for 15 min at 00C,
before the addition of indicator erythrocytes.

Electron microscopy. Immediately after bronchoalveolar
lavage, macrophages were washed in HBSS, and fixed for
30 min with glutaraldehyde 0.4% in cacodylate buffer at
40C. After washing with the same buffer, they were incu-
bated overnight with L-lysine 0.1 M in phosphate-buffered
saline 0.1 M pH 7.4 at 370C. McCoy cell line (a gift from
Dr. S. Darougar, Institute of Ophthalmology, University of
London) was used as negative control for IgE detection, since
these cells show no Fc receptors and are easily identified by
endogenous production of virus particles. Rat mast cells were
used as a positive control after isolation from the nonad-
herent population of peritoneal cells (17). Both McCoy and
mast cells were fixed and treated with L-lysine as for alveolar
macrophages. After thorough washing, rat mast cells were
incubated with rat myeloma IgE (IR 162 myeloma protein)
for 1 h at 370C, washed, and subsequently treated, in the
same conditions, with rabbit IgG anti-rat IgE (Dr. H. Bazin,
Brussels). Human macrophages and McCoy cells were di-
rectly incubated with rabbit IgG anti-human IgE (Dako).
All three categories of cells were then mixed in the same
tube for the identification of IgE-bearing cells, with com-
mercial peroxidase-labeled sheep Fab anti-rabbit IgG (In-
stitut Pasteur Production). The peroxidase activity was vi-
sualized by incubation with diaminobenzidine (Fluka, Buchs,
Switzerland) and H202 for 5 min (18). After three washings
with Tris-HCI buffer 0.01 M, the cells were postfixed in 1%
osmium tetroxide for 60 min, dehydrated in acetone, and
embedded in araldite. Sections, contrasted with lead hy-
droxide, were examined with a Hitachi HU 12 electron
microscope (Hitachi Ltd., Tokyo, Japan).

RESULTS

Cell populations. Due to a slightly better fluid re-
covery, the average number of cells in nonatopic in-
dividuals was 32.9±23.7 X 106, while it was 19.4±17.3
X 10' in atopic patients. Cell percentages, before and
after plating, have been evaluated and are presented
in Table I. Special attention was payed to the presence
of mast cells: on a few occasions the crude cell pop-
ulation, fixed and stained as soon as it was recovered
from the lung, contained 0.045% intact mast cells, but

most of the alveolar lavages, even in asthmatic pa-
tients, were devoid of mast or basophiloid cells on
morphological or staining basis. At the end of the 2-
h adherence phase, no more mast cells could be seen
in any cultures. Remaining cells, 98% viable by trypan
blue dye exclusion, were esterase-positive intact al-
veolar macrophages that in no case could be mistaken
for mast cells.

Sensitization of macrophages from normal donors
by IgE. A 30-min incubation of alveolar macrophages
from normal donors, either with purified human my-
eloma IgE protein, or with the serum of asthmatic
patients, induced cell sensitization. Indeed, lysosomal
enzyme release occurred following a subsequent 30-
min incubation of the sensitized cells with anti-IgE or
with the allergen related to the sensitivity of the donor
(Fig. 1). Unrelated allergens had no effect on IgE- or
allergic serum-sensitized macrophages. Extracellular
enzyme was produced by a secretory process, and was
not the consequence of cell death or lysis, as judged
by the absence of LDH in supernatants. The involve-
ment of IgE antibody in the cell triggering by asth-
matic sera was evidenced by the disappearance of sig-
nificant enzyme exocytosis with allergens after specific
IgE depletion, either by heating or by IgE adsorption
of the sera. IgG adsorption had no inhibitory effect on
the cell stimulation induced by specific allergens (Ta-
ble II).

Allergenic stimulation of macrophages from asth-
matic donors. Incubation of alveolar macrophages
from asthmatic patients with anti-IgE or with allergens
related to the patient sensitivity induced enzyme re-
lease without in vitro presensitization of the cells (Ta-
ble III). Macrophages from normal individuals also
showed a limited, but significant enzyme release with
anti-IgE treatment. Allergens, however, had no trig-
gering action on these normal cells. The allergen con-
centration uniformly used with all three preparations
was 100 ng dry wt/ml final culture medium. With D.
pteronyssinus, maximal enzyme release was obtained
between 100 and 500 ng dry wt/ml, the shape of the
dose-response curve being very similar to that ob-

TABLE I
Alveolar Cell Population before and after the Adherence Stage'

Cell population Macrophages Lymphocytes Eosinophils Neutrophils Mast cells

Normal donors Before plating 92.3±4.5 6.3±3.2 0.2±0.2 1.2±1.2 0
n = 15 After plating 99.3±2.1 0.4±0.5 0.1±0.1 0.2±0.2 0

Asthmatic patients Before plating 90.7±4.9 5.6±3.7 2.7±3.7 0.9±1.1 0.045±0.03
n = 18 After plating 96.8±3.1 2.6±3.1 0.2±0.2 0.4±0.3 0

e Expressed as mean percentages±1 SD. Giemsa staining was applied to the total cell populations after cytocentrifugation, and to the
adherent cells directly in the petri dishes.
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FIGURE 1 Lysosomal enzyme release from 24-h normal alveolar macrophages passively sen-

sitized in vitro by dimethylsuberimidate-aggregated IgE, heat-aggregated IgG, or sera from
asthmatic patients, and triggered by a further 30-min incubation with the agents indicated in
each column (mean±1 SD of 12 experiments). Hydr. subs., hydrolysed substrate.

served for histamine release by mast cells or basophils while human blood basophils or rat mast cells pre-
(Fig. 2). However, no histamine could be demonstrated sented a high histamine release with the ionophore
in the macrophage supernatants or in total cell lysates, A23187.

TABLE II
Evidence for the Role of IgE in the j3-Glucuronidase Release from Normal Human Alveolar

Macrophages Incubated with Serum from Asthmatic Patients'

Second incubation
Intracellular

First incubation Anti-IgE Specific allergen Control medium enzyme

Serum
untreatedt 16.6±4.7 10.2±2.8 3.2±0.6 318.0±1.4
560C, 3 h 2.6±0.8§ 2.8±0.8§ 3.2±1.0 296.5±12
anti-IgE adsorbed" 3.8±2.5§ 5.3±2.4§ 3.4±0.3 305.0±2.8
anti-IgG adsorbed¶ 17.6±4.2 14.1±2.7 2.3±0.6 314.5±3.5

° Normal human macrophages, after overnight culture, were first incubated for 30 min in native or
treated serum from asthmatic patients. After washing, the cells were incubated for a further 30-min
period in heat-inactivated goat serum anti-human IgE (10 s1/ml HBSS), or in 100 ng specific allergen,
or in HBSSalone. #-Glucuronidase release is expressed as nanomoles of hydrolysed substrate per 106 cells
per hour (three experiments in triplicate).
I Unadsorbed sera: 8.6 mg IgG/ml and 4.6 ,g IgE (2,000 IU)/ml.
§ Comparison with untreated serum: P < 0.001.
1"Solid-phase adsorbed sera: <0.025 jg IgE (<10 IU)/ml.
T Solid-phase adsorbed sera: 0.4 mg IgG/ml.
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TABLE III
Extra- and Intracellular Levels of fl-Glucuronidase from Alveolar Macrophages'

Normal donors Asthmatic patients

fl-glucuronidase level B-glucuronidase level

30-min incubation with n Extracellular Intracellular n Extracellular Intracellular

Control medium 6 2.0±0.3 305.4±31.1 8 3.4±0.8 368.4±21.8
Anti-IgG antiserum 2 4.5±0.5 322.6±17.3 2 3.2±0.2 368.3±19.0
Anti-IgE antiserum 6 8.4±0.51 333.1±22.5 8 18.2±2.91 388.3±18.2
D. pteronyssinus§ - - 6 14.0±0.61 389.9±23.3
GP§ - - 5 10.9±0.81 367.4±43.8
A. fumigatus- - - 3 13.0±1.4t 373.8±23.6
Unrelated allergen§ 9 1.4±0.2 342.8±27.6 6 2.5±0.3 360.9±25.7

e Nanomoles of hydrolysed substrate per 106 cells per hour (mean±SD of n experiments in quadruplicates on 2-h
alveolar macrophages).
§ Allergens, 100 ng dry wt/ml.
t Comparison with experiments using anti-IgG, control medium, or unrelated allergen, P < 0.001.

Electron microscopic observation of membrane
IgE. IgE-specific peroxidase labeling of alveolar mac-
rophages was obtained with both atopic and nonatopic
cells as soon as isolated from the bronchoalveolar la-
vage in two reproducible experiments (Fig. 3). With

nonatopic macrophages, the IgE label was more dif-
fuse and uniformly spread on the cell surface, whereas
on macrophages from asthmatic patients the peroxi-
dase activity was mainly localized on the cell processes.
Controls showed an absence of staining for McCoy

I I I I I

100 1 10 100 1

ng

DERMATOPHAGOIDES PTERONYSSINUS

I I

10 100

(weight /ml )

FIGURE 2 ,B-Glucuronidase release from macrophages, 2 h after bronchoalveolar lavage from
patients allergic to house dust. The macrophages were incubated in vitro for 30 min with
various concentrations of D. pteronyssinus allergen (mean±1 SD of four experiments in du-
plicate). The grey horizontal line indicates spontaneous enzyme release by cells in medium
alone + 1 SD. Hydr. subs., hydrolysed substrate.
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cells, and highly positive labeling for IgE-incubated
rat mast cells. These observations confirmed, at the
ultrastructural level, the IgE-labeling of macrophage
populations analyzed under light microscopy after
Giemsa or toluidine blue staining.

Anti-IgE and allergen-specific rosettes. The per-
centages of human alveolar macrophages forming ro-
settes with SRBC, anti-IgE-SRBC, and allergen-coated
SRBCwere compared in 10 controls and 11 asthmatic
patients (Fig. 4). While the mean percentage of ro-
sette-forming macrophages with SRBCwas the same
in both groups, the number of anti-IgE-rosettes was
increased threefold in asthmatic patients when com-
pared with control alveolar macrophages.

In eight patients suffering from mite allergic asthma,
the percentage of DP-SRBC rosettes was 19.7±1.2%.
For the patients with GPallergy or A. fumigatus sen-
sitivity, it was 15.5 and 22.2% for GP-SRBCand Asp-
SRBCrosettes, respectively.

Rosette inhibition after incubation with IgE or al-
lergen. In two asthmatic patients, a prior incubation
of the alveolar macrophages with aggregated IgE in-
duced a 50% reduction of the IgE-rosettes, whereas
pretreatment with soluble allergens (5 Atg/ml), at 40C
to avoid cell triggering, was also followed by an in-
hibition of allergen-specific rosettes (Fig. 5). Similarly,
pretreatment of macrophages from asthmatic patients
with anti-IgE antibody at 40C completely inhibited
the allergen-specific rosettes (96.7%) whereas anti-IgG
pretreatment had no significant effect (16.7% inhibi-
tion of allergen-rosettes). Finally, an incubation with
aggregated IgE induced no change in the number of
anti-IgE rosettes with macrophages from asthmatic
patients but a significant increase (300%) with normal
cells.

DISCUSSION

In this study, we provide evidence that IgE antibody
is capable of stimulating alveolar macrophages when
asthmatic patient sera are used for the passive sensi-
tization of normal cells, leading to a metabolic burst
not only with anti-IgE as the triggering signal, but also
with specific allergens. These results extend to 45 pa-
tients the previously reported observation (11) of the
binding of allergen-specific IgE to the macrophage
surface, subsequently triggered to selectively secrete
lysosomal enzymes by a contact with allergen or anti-
IgE antibody. They also confirm the close relationship

between the specificity of the triggering allergens and
that of the IgE antibody, assayed by RAST, present
in the sensitizing sera.

The crucial point for the interpretation of these re-
sults is, however, the possible presence and partici-
pation of mast or basophiloid cells in the process de-
scribed here. Alveolar cells were collected after dis-
carding the contaminant bronchial cells of the first 50
ml of the lavage. The morphological determination of
cells, after Giemsa and toluidine blue staining, showed
very low level of mast cell contamination in the crude
populations, and, on the very rare occasions when some
were visible, they were no longer present after the 2-
h adherence stage. Furthermore, the absence of any
histamine release during IgE-anti-IgE triggering of the
cells, when significant enzyme release was measured,
makes the participation of this cell type in the observed
effect unlikely.

The molecular form of the IgE involved was not
investigated here. However, monomeric as well as
polymeric IgE were both demonstrated to bind to rat
macrophages at 37°C, even if dimers and higher ag-
gregates showed a better affinity than monomers (7).
In the present data, the possible participation of IgE
immune complexes in the sera from asthmatic patients
cannot be ruled out nor their possible spontaneous ag-
gregation by the freezing conditions of storage. These
points will be considered in the near future.

The participation of allergen-specific IgG in the
passive sensitization of normal macrophages is doubt-
ful, since the cell reactivity to the allergens was un-
changed after the immune adsorption of IgG, whereas
heating the sensitizing sera suppressed it. Further-
more, the time course of the process (30 min) makes
a major role for IgG unlikely, since, as was shown with
rat peritoneal macrophages, the IgG-anti-IgG trigger-
ing requires at least 6 h contact to reach the level of
cell sensitization obtained within 30 min in the IgE-
anti-IgE procedure (19). In fact, with passively sen-
sitized alveolar macrophages, a 30-min incubation
with anti-IgG did not induce a significantly higher
level of enzyme release than incubation with control
medium (Fig. 1). The short duration of the incubation
also accounts for the apparently low level of enzyme
release, comprised between 4 and 10% of the total
f3-glucuronidase content. The anti-IgE or the allergen-
induced release could be increased by a longer incu-
bation, but it was accompanied by a concomitant in-
crease of the intracellular synthesis of the enzyme.
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FIGURE 3 Electron microscopic demonstration of IgE on the surface of (a) an alveolar mac-
rophage from a normal donor; (b) an alveolar macrophage from an asthmatic patient; and (c)
an IgE-incubated rat peritoneal mast cell. As control, (d), absence of peroxidase-labeling on
a Fc receptor-free McCoy cell with characteristic intracellular and budding virus particles
(arrows). Bars = 1 Mm.
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FIGURE 4 Rosette formation between 2-h alveolar macrophages and fixed sheep erythrocytes
(SRBC) sensitized with anti-human IgE antibody, D. pteronyssinus (DP), GP, and A. fumigatus
(Asp) allergens (macrophages from normal (0) or asthmatic (0) patients).

However, the stimulated release was 3-10 times alveolar macrophages obtained from asthmatic pa-
greater than the spontaneous release by resting mac- tients with a typical history of allergic disease, positive
rophages. skin tests, and high levels of allergen-specific IgE. The

Electron microscopy and rosette assay with anti-IgE relatively low percentages of macrophages showing
coated erythrocytes evidenced surface bound IgE in IgE receptors in this paper is in accordance with the
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FIGURE 5 Inhibition of rosette formation between IgE- or allergen-sensitized erythrocytes and
2-h alveolar macrophages from two asthmatic patients by preincubation of the macrophages
with aggregated IgE (diagonal bars columns), D. pteronyssinus (dotted columns) and GP (ver-
tical bars columns) allergens, compared to rosette formation by macrophages preincubated
with medium alone (empty columns). (A) Patient allergic to D. pteronyssinus, and (B) patient
allergic to D. pteronyssinus and to GP (mean of one experiment in triplicate).
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recent determination by Melewicz et al. (20) for al-
veolar macrophages from healthy donors, with 8% IgE
rosettes. The reason for such a reduced percentage,
compared with the 64% of macrophages with IgG re-
ceptors, merits further investigation. In this respect,
the reported development of mast cells, among mono-
nuclear cell populations, by long-term cultivation of
rat peritoneal cells (21) must be kept in mind, even
if this observation has to be substantiated. Neverthe-
less, as established for blood monocytes in patients with
severe allergic disorders (22), our results show an in-
creased number of IgE Fc receptors and a higher den-
sity of bound IgE on alveolar macrophages from asth-
matic patients. These cells demonstrated a very fast
reaction to anti-IgE triggering, whereas the incubation
with anti-IgG was inefficient in the same time-lapse.
Furthermore, the enzyme release from the cells was
specifically obtained upon contact with the allergen
related to the patient sensitivity: house dust mites, GP,
or A. fumigatus. The narrow antigen specificity of the
reactivity of macrophages from asthmatic patients fo-
cuses the attention on this cell type in lung allergy.

The direct demonstration of an IgE antibody in-
volvement in the allergen-induced enzyme release by
macrophages from asthmatic patients is not given in
the experiments reported here, as it is for passively
sensitized normal macrophages. However, the time
course of the fl-glucuronidase release in the presence
of the specific allergens is very similar to that observed
with anti-IgE, and its level significantly higher than
after treatment by anti-IgG serum. The inhibition of
allergen-specific rosettes, not only by preincubation
with the related allergen but also by anti-IgE pretreat-
ment, provides evidence that IgE antibody is the main
isotype participating in the cell-triggering process with
allergens. Experiments in progress on fractionated
macrophage populations will give indications on the
precise involvement of each immunoglobulin class in
this mechanism.

In response to different stimulations, alveolar mac-
rophages produce a large variety of mediators, such
as hydrolytic enzymes (23-26), superoxide anion (11),
platelet-activating factor (PAF-acether) (27), slow-re-
acting substances (SRS) (28) and other arachidonic acid
metabolites (29-31). In this work, the choice of only
lysosomal enzyme release as a parameter of cell stim-
ulation was inspired by its practicality in a large
screening study. Nevertheless, it allowed the demon-
stration of a significant difference in the behavior of
alveolar macrophages from normal vs. asthmatic do-
nors during the interaction of IgE antibody with the
specific allergens. However, the release of this enzyme
does not give information on the pathogenic role of
the alveolar macrophage stimulation in the onset of
bronchoconstriction. On the one hand, SRS from al-

veolar macrophages might intervene in this process.
On the other hand, the bronchomotor action of PAF-
acether is well documented (32). PAF-acether release
by alveolar macrophages from asthmatic patients was
observed in the stimulation process described here
(Arnoux et al., submitted for publication). Investiga-
tions on the production of the other mediators cited
above in the same pathological situation will provide
new information on their role in regulating the func-
tions of other cells (33, 34), in increasing the cytotoxic
properties of the pulmonary phagocytes, as well as in
participating in the inflammatory reactions and tissue
damage of the lung pathology.

Together with the IgE-dependent mechanism of
specific killing by mononuclear phagocytes of at least
two different metazoan parasite larvae (1-4) the in-
teraction reported here between IgE antibody and
alveolar macrophages opens an original approach to
the triggering processes of this type of phagocytes. It
gives indications of a new role for this immunoglobulin
class, up till now restricted to anaphylactic functions
at the basophil or mast cell level. Finally, besides the
role of mast cells in the bronchial submucosa, the par-
ticipation of the alveolar macrophage in the respira-
tory allergy must therefore be taken into account for
full description of the lung hypersensitivity.
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