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Abstract. Brown-Norway (BN) rats were sensitized by 3 aerosol exposures to ovalbumin (OA; 10 mg/ml) at 
days 1, 3 and 14. At day 21, the rats were challenged with the antigen or vehicle by aerosol. Alveolar macro­
phages (AM) were obtained by bronchoalveolar lavage and the expression of FceRII/CD23 was assessed by 
flow cytometry after staining with the BB10 monoclonal antibody. A maximum of 74% of the AM from sensi­
tized and challenged BN rats expressed FCj:RII/CD23 24 h after OA exposure, compared to 12% of the cells 
from rats exposed to vehicle. Sprague-Dawley rats were passively sensitized by intravenous injection of 0.1 or 
0.05 ml/kg mouse ascitic fluid containing dinitrophenyl (DNP)-specific monoclonal IgE (2682-1) and after 
24 h exposed to an aerosol of 5 mg/ml of DNP-bovine serum albumin for 30 min. In this case also, antigen ex­
posure induced the expression of FceRII/CD23 on 75% AM, compared to 17% AM from saline-challenged 
rats. Such an induction of FceRII/CD23 on AM was, however, not observed when the animals were chal­
lenged with either histamine, serotonin or acetylcholine by aerosol. The antigen-induced expression of Fce- 
RI1/CD23 on AM was inhibited upon treatment of the rats with ketotifen or beclomethasone. In addition, oral 
or aerosol administration of respectively BN 50730 or BN 52021 (two structurally unrelated platelet-activating 
factor antagonists), inhibited the antigen-induced FceRII/CD23 expression on AM, indicating the participa­
tion of this lipid mediator in this process.

Allergic reactions are part of the vast field of im­
munology, in which many inflammatory mediators 
have been implicated [1], It is now well recognized 
that allergic diseases, and particularly asthma, are as­
sociated with marked inflammatory changes in the 
tissues. The resident inflammatory cell types most 
characteristic of asthma are mast cells and alveolar 
macrophages, whereas the role of T lymphocytes still 
awaits a precise definition. It is now well established 
that murine mast cells and alveolar macrophages 
from various species generate various cytokines and 
inflammatory mediators that may play a role in the 
development of allergic reactions. Since they govern 
the immunological processes associated with inflam­
matory disorders, the production of these mediators 
and cytokines may play a critical role in the pathol­
ogy of asthma.

Atopic diseases are usually associated with the pro­
duction of IgE specific for one or several allergens. 
Up to now, the role of these immunoglobulins has 
been linked to their interaction with the high-affinity

receptor (FceRI) present on basophils and mast cells. 
Upon interaction with the antigen, these cell types de- 
granulate and release in the microenvironment a ple­
thora of mediators, leading to the development of the 
immediate symptoms of the allergic reactions.

Since the discovery of the low-affinity receptor for 
IgE (FceRII/CD23), another role for this immuno­
globulin class can be envisioned. However, since 
FceRII/CD23 is not usually spontaneously present 
on the cell surface, the interaction of IgE, or IgE im­
mune complexes, with this receptor requires the pri­
ming of the cells with cytokines, especially interleu- 
kin-4 (IL-4). Therefore, IL-4-stimulated cells may be­
come responsive to IgE-dependent mechanisms and 
this can explain why the in vivo role of this receptor 
has been mostly investigated up to now in pathologi­
cal situations such as allergic and parasitic diseases 
and transplantation [2-5].

We have previously proposed that mast cell de­
granulation induced by the antigen may lead to alter­
ations in lung cell functions [1]. Indeed, the produc­

D
ow

nl
oa

de
d 

by
: 

K
in

g'
s 

C
ol

le
ge

 L
on

do
n 

   
   

   
   

   
   

   
   

   
   

   
13

7.
73

.1
44

.1
38

 -
 3

/5
/2

01
8 

5:
14

:4
7 

A
M



296 Mencia-Huerta/Dugas/Boichot/Petit-Frère/Paul-Eugène/Lagente/Capron/Liu/Braquet

tion of cytokines by degranulating mast cells may 
evoke hematopoietic precursor cells to differentiate 
into eosinophils (via e.g. IL-5, granulocyte/macro- 
phage-colony-stimulating factor), regulation of IgE 
synthesis (via e.g. IL-4, IL-6) and alteration in macro­
phage functions (via e.g. IL-4, IL-6, tumor necrosis 
factor-a). Besides the production of mediators, in­
cluding platelet-activating factor (PAF), leukotriene 
B4 (LTB4), histamine, proteases and acid hydrolases, 
whose consequence is the development of the imme­
diate episode of pulmonary obstruction, the release of 
these cytokines from mast cells may also induce, be­
cause they often require protein synthesis for action, 
late changes in pulmonary and cell functions. Thus, 
we speculated that the possible release of IL-4 from 
antigen-stimulated murine mast cells may affect alve­
olar macrophage functions and evoke the expression 
of FceR.il/CD23 on this cell type. The aim of the 
present review is to summarize the data obtained in 
our laboratory on the pharmacological modulation of 
the antigen-induced expression of FceRII/CD23 on 
rat alveolar macrophages.

In vivo Regulation of the Expression of
FceRII/CD23 in the Rat

We initially investigated the possible modulation 
of FceRII/CD23 expression on alveolar macro­
phages from sensitized rats, challenged or not with 
the antigen. Brown-Norway (BN) rats of both sexes 
were placed twice at a 48-hour interval in a plexiglass 
chamber (30 x 50 x 30 cm) and exposed to aerosols of 
a 0.9% NaCl solution in water (saline solution) con­
taining 10 mg/ml ovalbumin (OA) for 30 min. A 
booster administration (OA aerosol, 10 mg/ml for 30 
min) was performed under the same condition at day 
14. Twenty-one or 28 days after the initial sensitiza­
tion procedure, the rats were placed again in the plexi­
glass chamber and exposed to aerosol administration 
of 4 successive solutions of OA of, respectively, 1, 5, 
10 and 50 mg/ml for 15 min each. In a separate set of 
experiments, it was established that antigen challenge 
of sensitized animals evokes a bronchoconstriction, 
although of limited extent (i.e. 30-40%). Bronchoalve- 
olar lavages from rats receiving various treatments 
were performed at defined time intervals after OA or 
saline exposure. The expression of FceRII/CD 23 on 
alveolar macrophages was determined by indirect im­
munofluorescence staining using the BB10 mono­

clonal antibody (IgM isotype) [6], and fluorescence 
was measured with a fluorescence-activated cell 
sorter.

No expression above the background level of 
FceRI1/CD23 on alveolar macrophages from anti­
gen-challenged, nonsensitized rats was observed. In 
contrast, 62% of the alveolar macrophages expressed 
FceRII/CD23 after antigen stimulation by aerosol, 
compared to 5.5% following challenge with the saline 
solution. Kinetics studies demonstrated that the ex­
pression the FceRII/CD23 started after 6 h, was max­
imal by 24-48 h and then declined progressively. In 
contrast, no expression of FceRII/CD23 on rat alveo­
lar macrophages was observed upon exposure of sen­
sitized rats to an aerosol of acetylcholine (500 pg/ml), 
5-hydroxytryptamine (60 gg/ml) or histamine (30 ug/ 
ml) for 30 min, demonstrating that this phenomenon 
was not in relation with the protracted bronchocon­
striction.

These results indicated that antigen challenge of 
sensitized animals induced mast cell degranulation 
and the release of IL-4, which in turn, modulates the 
expression of FceR1I/CD23 on the alveolar macro­
phages. To confirm that mast cells were indeed in­
volved in this process, the antidegranulating agent di­
sodium cromoglycate (DSCG) was used. Sensitized 
BN rats were exposed or not to a 30-min aerosol of a 
10-mg/ml DSCG solution and after 30 min chal­
lenged wih the antigen by aerosol. After 24 h, 
the FceRII/CD23 expression on rat alveolar macro­
phages was analyzed by flow cytometry. The marked 
increase in FceRII/CD23 expression on rat alveolar 
macrophages induced by the antigen was not ob­
served in those animals treated with the drug, indicat­
ing that mast cells may indeed play a role in this phe­
nomenon.

Another evidence for the involvement of mast cells 
in the antigen-induced expression of FceR II/ CD23 
was obtained in experiments implicating passive sen­
sitization of the rats with mouse monoclonal IgE. An­
tigen challenge of these passively sensitized animals 
evoked a dose-dependent expression of FceR II/ 
CD23 on alveolar macrophages, a process that was 
also blocked upon treatment of the animals with 
DSCG.

The pharmacological modulation of the antigen- 
induced expression of FceRII/CD23 on rat alveolar 
macrophages from sensitized rats by various an­
tiasthma drugs was also investigated. The antigen-in­
duced FceRII/CD23 expression on alveolar macro­
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phages was significantly reduced by 49 and 28% upon 
pretreatment of the rats with beclomethasone dipro­
pionate or ketotifen, respectively. Glucocorticoste- 
roids also inhibited in a dose-dependent fashion the 
lL-4-induced expression of FceRII/CD23 on U937 
cells, suggesting a direct effect of this drug on alveolar 
macrophages. By contrast, the inhibitory effect of ket­
otifen, which does not operate in vitro on the IL-4-in- 
duced FceRlI/CD23 expression on U937 cells, is at 
this stage unexplained. Since ketotifen has been 
shown to exhibit PAF-inhibitory activity, the effect of 
specific antagonists of this phospholipid mediator 
was analyzed. Treatment of BN rats with two struc­
turally unrelated PAF antagonists, BN 50730 
(25 mg/kg p.o.) or BN 52021 (10 mg/ml aerosol), 
markedly inhibited (above 70%) the expression of 
FceRlI/CD23 on alveolar macrophages (table 1), 
suggesting the involvement of this phospholipid in 
this process. This hypothesis was confirmed since 
aerosol administration of PAF to rats led to an in­
creased expression of FceRII/CD23 on alveolar 
macrophages, whereas lyso-PAF was ineffective. As 
well, in vitro incubation of rat alveolar macrophages 
in the presence of PAF induced the expression of 
Fcf,RII/CD23 in a dose-dependent manner and with 
a maximum after 24 h. Here again, lyso-PAF was in­
effective in inducing the expression of FceRII/CD23 
on rat alveolar macrophages in vitro. However, this 
effect on FceRII/CD23 expression is not restricted 
to PAF since aerosol administration of LTB4 also in­
creased it.

Thus, lipid mediators appear to regulate the ex­
pression of FceRII/CD23 on rat alveolar macro­
phages. In addition, PAF and LTB4 induce such an 
expression of FceRII/CD23 in vitro, suggesting a di­
rect effect on rat alveolar macrophages. Whether or 
not PAF produced during antigen challenge of sensi­
tized rats is only of mast cell origin is also to be deter­
mined. As well, the possible contribution of IL-4 on 
the FceRII/CD23 expression observed in the in vivo 
experiments is still to be clarified.

Recent studies have suggested that bronchodila- 
tors, such as p2-adrenoceptor agonists (salbutamol), 
may influence the immunological reactions linked to 
allergic asthma. In addition, increasing evidences in­
dicate that repeated ^-adrenergic agonist administra­
tion produces various side effects including an in­
crease in the mortality of sensitized guinea pigs after 
antigen challenge [7]. As postulated above, mast cell 
mediators could contribute not only to the triggering

Table 1. Effects of BN 52021 or BN 50730 on FceRII/CD23 ex­
pression on alveolar macrophages collected from OA-challenged 
BN rats

Treatment Dose Route FceR II/C D 23 
expression, %

Control 5
OA 76.5
BN 52021 10 mg/ml aerosol 15
BN 52021 + OA 10 mg/ml aerosol 13
BN 50730 25 mg/kg per os 5.5
BN 50730 + OA 25 mg/kg peros 5

Sensitized BN rats were pretreated by administration of BN 
52021(10 mg/ml, aerosol) or BN 50730 (25 mg/kg, p.o.) 1 h before 
the challenge with OA. FceRII/CD23 expression on alveolar ma­
crophages was evaluated by flow cytometry.

of the immediate reaction but also to the initiation of 
the late-phase reaction. However, the late-phase reac­
tion may be influenced by mast-cell-independent 
mechanisms since aerosolized salbutamol induced 
spontaneously CD23 on rat alveolar macrophages 
and potentiates this expression when induced by anti­
gen challenge [8],

Concluding Remarks

The entry of allergen in lung tissue is followed by 
complex reactions whose consequence is the trigger­
ing and/or the perpetuation of a pulmonary inflam­
matory state. Indeed, the antigen can stimulate 
several immunocompetent cell types present in the 
lung and responsible of the allergic reaction such as 
IgE-producing cells and antigen-primed or activated 
T cells. In addition, antigen evokes the degranulation 
of mast cells and the release of various mediators 
whose consequence is the initiation of the early phase 
of the allergic reaction. In addition, these mast-cell- 
derived mediators may induce alterations of the tissue 
response to further stimulation, this latter process be­
ing one of the characteristic feature of the allergic 
asthma. It is now suspected that IgE-sensitized mu­
rine mast cells degranulate on challenge with the spe­
cific antigen and release PAF and various mediators, 
including IL-4 and IL-5, in the microenvironment.
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IL-4, as well as PAF, induces within a few hours the 
expression of the low-affinity receptor for IgE which 
can then interact with IgE-antigen immune com­
plexes, a phenomenon possibly leading to a second 
wave of mediator release. These data indicate that 
mast cells play a central role in the development of 
the allergic reaction, although by a mechanism very 
different from that initially suspected.
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