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SUMMARY

IgE-bearing mediator cells are suggested to be the effector cells in type I allergic
rhinitis. These cells can be demonstrated by their granular constituents or by the
surface-bound JgE antibodies. We developed immunohistochemica! techniques in
order to stain the cell-bound JgE using polyclonal or monoclonal anti-human IgE
antibodies. These techniques can be applied to nasal biopsies as shown previously or
to cytospin specimen harvested by a brush method. They deliver excellent staining
results with well-preserved morphological details.

Brush samples were takenfrom 24 grass pollen allergic subjects before season, after a
nasal allergen provocation and two weeks after the onset of season. There was a
statistically significant increase in toluidine blue positive and JgE-positive cells
24 hours after nasal provocation (app. 12-fold, p <0.05) and more pronounced
within the season (app. 58-fold, p < 0.001) compared to preseasonal values. These
cells appeared to be mast cells rather than blood basophilsjudged by morphological
criteria. There was a striking correlation between the number oftoluidine blue cells
and that ofJgE-positive cells (r= 0.98). The number of eosinophils also increased
due to the seasonal allergen exposure (p < 0.001), but less pronouncedly compared to
the mast cells. These data re-emphasize the migration ofJgE-bearing mast cells and
eosinophils into the epithelial lining ofthe nasal mucosa due to allergen interaction
and point to a possible role ofmast cells as a carrier for JgE-molecules.
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INTRODUCTION

Accumulating evidence point to the mast cell as a central triggering cell of
allergic inflammation not only in nasal challenge setting but also during natural
allergen exposure (Plaut and Lichtenstein, 1978; Naclerio et al., 1983; Norman et
al., 1985; Enerback et al., 1986, Gomez et al., 1986; Pipkorn et al., 1988; Bachert et
al., 1989). Evidence has been gathered from observations on the human nose
such as changes in numbers and activation of mast cells or release of mast cell
mediators into the nasal secretion. IgE bound to the cell surface ofmediator cells
is also of central importance and initiates the degranulation of the cells by an
interaction between inhaled allergen and allergen-specific IgE. So far there have
mainly been studies on IgE circulating in the serum in nasal secretions (Mygind
et al., 1975; Merrett et al., 1976; Platts-Mills, 1979), but not associated to cells.
We have recently,,shown that in allergic rhinitis patients cells can be stained for
their membrane-bound IgE in nasal biopsies using monoclonal (mab) or poly-
clonal (pab) anti-IgE antibodies (Bachert and Ganzer, 1987; Ganzer and Bachen,
1988). IgE-positive cells in the human nasal mucosa resemble mast cells rather
than blood basophils ofplasma cells, their number significantly increases due to
natural allergen exposure and the cells migrate into the epithelium due to
allergen interaction (Ganzer and Bachert, 1988; Bachert et al., 1989).

As nasal biopsy represents a traumatic procedure for the patient which can not be
performed repeatedly as it causes bleeding and may lead to inflammatory
reactions and scaring ofthe mucosa, we intended to transfer our immunohisto-
chemical techniques to a simple non-traumatic method for continuous moni-
toring of cellular events. From our previous results we expected the epithelial
lining and the mucosa! surface to be the compartments of interest in order to
investigate the migration oflgE-positive cells. We therefore extended the tech-
niques for the visualization of cell-bound IgE to a cytological sampling method
the brush method described by Pipkorn et al. (1988).

The aim ofthis study was to establish a technique for the immunohistochemicul
demonstrition of IgE on human mucosa! surface cells by poly- or monoclonal
antibodies and to correlate these data with the staining results of metachromatic
cells. For this purpose we investigated epithelial cells in 24 grass pollen allergic
subjects before season, after nasal allergen provocation and within the season
using the nasal brush method.

PATIENTS AND METHODS

Patients

Specimen were obtained from 24 grass pollen allergic patients (14 female,
10 male, average age 26.5 years) with a hay fever history of at least three years.
The first specimen were harvested in a symptom free state during the pollen free
winter month, the second 24 hours after a nasal allergen provocation test
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(lyophilized and standardized grass pollen allergen mixture, 10,000 BE/ml,
Allergopharma, Reinbek, F.R.G.) on the challenged nostril and the third two
weeks after the onset of hay fever symptoms within the grass pollen season. The
study was approved by the Ethics Committee at the University of Mannheim.

Sampling technique

The rnucosal surface cells were harvested with the brush method detailed
elsewhere (Pipkorn et al.,, 1988) and placed in a plastic tube containing 12 ml
0.9 % sodium salt solution. In each case 0.4 ml of the cell containing solution
were then centrifuged at 1500 rpm for 10 min in a cytocentrifuge and air-dried.
One ofthe specimen was stained with toluidine blue at pH 0.5 for 30 min, another
with hematoxylin-eosin and the third for IgE.

Immunohistochemical techniques

Using specimen of allergic patients not included in this study the appropriate
antibody concentration were investigated by checkerboard titrations. Procedures
omitting the primary antibody or replacing it by unspecific antibodies served as
controls. In eight patients the IgE-staining by pab was compared to that by mab
using specimen from the same brush sampling.

For the polyclonal anti-human IgE-staining a preincubation with methanol-H,0 ,
for 20 min and normal swine serum 1: 10 for 10 min at room temperature was
useful. Interrupted by washing procedures in PBS buffer, the specimen were
incubated with anti-human IgE antibodies (Dakopatts, Hamburg) diluted 1: 600
for one hour at room temperature, with the goat anti-rabbit antibody diluted 1:50
for 30 min and the PAP-rabbit complex diluted 1:200 (Dakopatts) for 30 min. The
specimen were stained using 3.3-diarninobenzidine for 10 min. The cells were
counterstained with hemalaun.

The monoclonal anti-human IgE antibody (Bioscience, Switzerland) was diluted
I: 100 and incubated for one hour without preincubations. After a washing
Process the rabbit anti-mouse antibody (Dakopatts) diluted 1:30 was used and
followed by the mouse APAAP complex diluted 1: 50 (Dakopatts) for another
30 min. The specimen were stained using a Fast Red-Naphthol AS-MX solution
With levamisole for 30 min at 37 °C and counterstained with hemalaun.

Cell counts were performed by light-microscopic evaluation at a magnification of
200x to 500x by one investigator on coded sections. For photographs a Kodak 50
ASA professional film was used. For statistical analyses the Wilcoxon-signed
rank test was used on a p<0.05 and p <0.001 level.

RESULTS

The cells harvested by the brush method were well preserved with excellent
structural getails. Both staining techniques, the polyclonal anti-IgE antibody
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Figure 1 The number ofcells stained with the polyclonal antibody correlates well to that
stained with monoclonal anti-IgE antibodies (r = 0.86).

Figure 2. Cells stained with the monoclonal anti-IgE antibody are clearly distinguishable
(magnification x425).
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with the PAP-complex and the monoclonal antibody with the APAAP-complex,
lead to clearly visible and specific staining results on the cell surface. The
comparative staining of specimen (n=238) showed an excellent correlation
between pab positive and mab positive cells (r=20.86) (Figure 1). As the
monoclonal anti-IgE antibody gave more brilliant and distinguishable staining
results (Figure 2), this technique was chosen for further investigations.

There was a statistically significant increase in the number of IgE-positive
cells (p <0.05) from before season to after nasal provocation and more clearly
from before season (with or without provocation) to within season (p < 0.001)
(Figure 3). Whereas in the symptom free interval in 18 out of 24 subjects (75 %) no
IgE-positive cells could be found in the specimen, only one object was negative
within the season with some subjects showing up to 300 IgE-positive cells at that
time. Overall there was a 12-fold increase of IgE-positive cells after the nasal
provocation and a 58-fold increase due to the natural allergen exposure.

The number of toluidine blue stained cells (pH 0.5) behaved synchronously to
that of the IgE-positive cells. Again there was a significant increase in cells after
nasal provocation (p<0.05) and under natural allergen exposure (p <0.001)
(Figure 3).

In all cases there was a striking correlation between toluidine blue cells and IgE-
stained cells with a coefficient of r=0.98 in the specimen obtained within the
season (Figure 4).

More than 90 % of the toluidine blue cells and the IgB-positive cells were mast
cells rather than basophils judged by morphological criteria. The cells had a
round or ovoid shaped nucleus and clearly more granules than blood basophils.
The IgE-staining was localized on the surface membrane of the cells, covering
the cells completely in some cases.

The number of eosinophils increased as a tendency after the nasal provocation
and significantly within the season (p<<0.001) compared to the preseasonal
values.

DISCUSSION

With the nasal brush method and the immunohistochemical technique for the
Visualization of surface IgE developed for nasal cytology we were able to demon-
Strate the migration of IgE-positive mediator cells into the nasal epithelium due
to artificial and natural allergen exposure.

In recent studies we investigated IgE-positive cells in human allergic mucosa
using biopsy specimen (Bachert and Ganzer, 1987; Ganzer and Bachert, 1988;
Bachert and Baum, 1989; Bachert et al., 1989). Nasal biopsy is a traumatic proce-
dure with inconvenience for the patient which may lead to unspecific inflam-
Matory reaction and scaring of the mucosa and may thus influence following
biopsies. We intended to change from nasal biopsy to a method which allows
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Figure 3. The nasal allergen provocation outside the season led to an approximately
12-fold increase of IgE-positive and toluidine blue cells in the brush samples. The natural
allergen exposition caused a striking increase of mast cells, IgE-positive cells and eosino-
phils compared to preseasonal values.
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Figure 4. There was an excellent correlation between the IgE-positive and the toluidine
blue stained cells (r=0.98).



IgE-positive mast cells on the nasal mucosal surface 155

repeated atraumatic samplings of cells from a compartment of the mucosa where
we could expect dynamic cellular reactions involved in the mucosal allergic
response. Referring to previous studies our interest focussed on the epithelial
lining and the mucosal surface, where we could demonstrate IgE-positive media-
tor cells penetrating the basal membrane during natural allergen exposure, but
not outside the allergen season (Bachert et al., 1989). Events taking place on the
surface of the nasal mucosa can be studied using nasal smears, imprints, lavage
procedures or the brush method (Hansel, 1953; Okuda and Otsuka, 1977; Hastie
et al., 1979; Pipkorn and Enerbéck, 1984; Enerbick et al., 1986; Pipkorn et al.,
1988; Bachert and Baum, 1989). Both the lavage and imprint method recover cells
from the epithelial surface and the mucous blanket, whereas the brush method
harvests cells within the epithelial lining, as indicated by the finding of a high
proportion of epithelial cells. As the whole epithelial lining above the basal
membrane was the area of interest, we chose the brush method for cell sampling.
In order to obtain reproducible sampling results, we standardized the brush
method concerning the localization, the depth of introduction and the number of
turns of the brush.

So far, most of our knowledge concerning localization, migration or numbers of
mast cells has derived from studies using staining techniques for the visualization
of the granular constituents (Okuda and Otsuka, 1977; Enerbick et al., 1986;
Viegas et al., 1987; Pipkorn et al., 1988). As the staining of mast cell subtypes is
strongly dependent on the tissue fixation used, problems arise concerning the
detection of mast cells especially of the mucosal subtype (Enerbick, 1986;
Pipkorn et al., 1988). Furthermore, mast cells which are totally degranulated due
to allergen exposure, may not be detected with commonly used staining methods
(Claman et al., 1987; Pipkorn et al., 1988). Thus a large proportion of mast cells
may escape detection. This phenomenon can be overcome by using another
property of mast cells such as the surface IgE bound by high affinity receptors.
By checkerboard titrations and blocking of unspecific binding sites we were able
to establish both a poly- and monoclonal anti-human IgE-staining technique on
cells harvested from the epithelial layer of the human nasal mucosa. Both tech-
niques gave reproducable and comparable results in terms of the numbers of
positive cells (r=0.86). We preferred the monoclonal anti-IgE staining using the
alcaline phosphatase as labeled enzyme because of the excellently distin-
guishable and precise staining results with the cell nucleus still visible in most of
the cells. Corresponding to the fact that in cytological specimen the cell surface
of the whole cell can be reached by the anti-IgE antibody, the optimal concentra-
tion of the primary antibody was lowered to 1:10 or 1:20 compared to biopsy
specimen. Using air-dried specimen without any additional fixation procedure
we avoided fixation problems for the toluidine blue staining. The good corre-
lation between toluidine blue and IgE-positive cells confirms the advantage of
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this technique. This correlation furthermore points to the fact that the mediator
cells were neither degranulated due to allergen exposure nor due to the sampling
technique.

Judged by morphological criteria, the IgE-positive cells as well as the toluidine
blue positive cells resembled mast cells rather than blood basophils. In contrast
to nasal biopsy specimen we were not able to routinely perform double stainings
using conventional mast cell stains and the anti-IgE technique in cytological
specimen (Ganzer and Bachert, 1988). Therefore the identity of IgE-positive cells
can only be concluded first from the fact that their number correlated extremely
well with the number of toluidine blue cells and second from their morphology.
We have to bear in mind, however, that eosinophils or macrophages may bind
IgE with the help of a low affinity receptor (Capron et al., 1981; Melewicz et al.,
1982). IgE-positive eosinophils can be excluded in our study because of their
typical biloped nucleus which has not been seen in IgE-positive cells. The
number of macrophages did not behave synchronously with that of IgE-positive
cells. Futhermore, no cells could be stained for the low affinity IgE-receptors
(unpublished data), so that there is no evidence for IgE-bearing macrophages in
our specimen.

The number of IgE-positive cells in the mucosal epithelial layer of grass pollen
allergic subjects clearly increased due to a solitary artificial allergen exposure
outside the season and even more pronouncedly due to the natural allergen
interaction during the pollen season. The increase was approximately 12-fold
after the nasal provocation and approximately 58-fold two weeks after the onset
of symptoms due to the natural pollen exposure showing a strong correlation to
the number of toluidine blue cells. These results are consistent with previous
studies demonstrating the “re-distribution” of toluidine blue cells into the
epithelium (Pipkorn and Enerbéck, 1984; Enerbick et al., 1986).

The study presents further evidence for the migration of mast cells through the
epithelium into the nasal secretion. In contrast, no evidence for the trans-
epithelial migration of basophils was obtained.

The increase of the number of the eosinophils within the epithelial lining was in
accordance with previous reports (Bascom et al., 1986; Pipkorn et al., 1988) and
points to a possible effector function of that celi as well. In this study the
eosinophil number proved to be a good control parameter showing a less
pronounced increase during the season compared to that of IgE-positive mast
cells.

With the IgE-bearing mast cell being the target cell of the allergen/IgE-inter-
action, this cell migration strongly suggests an immunological explanation for at
least part of the increasing reactivity of the mucosa to repeated allergen exposure
(Konno et al., 1981; Borum et al., 1983) or the so-called priming effect (Connell,
1969). There is a strong increase in the number of target cells on the nasal surface
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easily achievable by the allergen due to formerly allergen exposure. The migra-
tion of IgE-positive cells may as well serve as a model for the secretory
mechanism of IgE-antibodies through the nasal epithelium (Bachert, in press).
Furthermore it can be suggested that the chemotaxis of mast cells due to the
allergic inflammation may be associated with the transport of (allergen-specific)
IgE-antibodies from outside into the target organ, leading to an accumulation of
IgE. This accumulation was formerly interpreted as a local IgE-production
(Okuda, 1975; Merrett et al., 1976).

In conclusion the immunohistochemical demonstration of IgE on the surface of
effector cells in the IgE-mediated allergic response appears to provide further
valid information on changes of IgE-associated cell populations due to artificial
as well as natural allergen interactions. Combined with commonly used mediator
cell stains it may help to focus on cells immunologically involved in the allergic
reaction by their surface IgE within the target organ. Our findings re-emphasize
the role of the IgE-bearing mast cell in the pathogenesis of allergic airway disease
and point to a further involvement of that cell as a carrier for IgE-molecules.

The techniques of visualization of IgE in tissues and cell sampling may further-
more help to investigate the localization of IgE-synthesis and transport.
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