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Background: Eosinophils are thought to play an important role in the symptomatology and
pathophysiology of allergic rhinitis. Most quantitative studies on eosinophils in nasal mucosa
have focused on the dynamics of eosinophils in the acute and late phases of the allergic
reaction by using different cell sampling techniques. Little is known about the dynamics of
eosinophils during a more prolonged period of allergen exposure and the activation of

eosinophils induced by allergen challenge.

Objective; The aim of this study was to investigate the dynamics and activation of the
eosinophils in the nasal mucosa of patients with an isolated grass pollen allergy during an
out-of-season 2-week allergen exposure, mimicking the natural grass pollen season.

Methods: Seventeen patients with isolated grass pollen allergy and four control subjects were
challenged daily with the allergen during a 2-week period in the winter. Nasal brush
specimens were obtained before provocation and each day during the provocation period.
Biopsy specimens were obtained once before, six times during, and once after the provocation
period. Preparations made of nasal brush and nasal biopsy specimens were stained with the
monoclonal antibody BMK 13 and Giemsa stain as paneosinophil markers and with the
monoclonal antibody EG2 to identify activated eosinophils.

Results: We found significant increases in the total number of eosinophils and the number of
activated eosinophils in the epithelium and lamina propria. These increases were most explicit
in the second week. BMK 13 was found to be a paneosinophil marker superior to Giemsa

staining.

Conclusion: Eosinophils are not only involved in the acute and late phases of the allergic
reaction but are probably even more involved in the chronic phase. (] ALLERGY CLIN

IMMUNOL 1996;97:800-11.)
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The pathophysiology of the inflammatory reac-
tion in nasal allergy is associated with the presence
of a variety of immunologically active cells (e.g.,
eosinophils, mast cells, T lymphocytes, IgE™ cells,
and HLA class II-positive cells).!* Although our
knowledge of nasal allergy has increased substan-
tially during the last few years, much remains to be
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Abbreviation used
PBS: Phosphate-buffered saline

elucidated about the cellular mechanisms and me-
diators involved.

The eosinophil leukocyte plays an important,
though not very clear, role in various allergic
disorders. Until now a considerable number of
studies that investigated the dynamics of eosi-
nophils in allergic disease during the grass pollen
season* and during nonnatural allergen provoca-
tion have been performed.”® The influx of eosin-
ophils has been studied during the immediate
reaction> 1%, during the late phase reaction, which
probably represents the naturally occurring allergic
disease much more closely than does the acute
response!l; and during repeated allergen chal-
lenge.®° Despite these studies, little is known
about the activation of eosinophils.

Different techniques have been used in previous
studies to obtain specimens from the nasal mucosa
for analysis of mediators and cells. Most of these
techniques such as nasal lavage that samples cells
floating in the nasal secretion,® 1> mucosal imprints,'3
smear techniques,'* and mucosal scrapings™ 6 rep-
resent the mucosal surface and nasal secretions.

Because allergic rhinitis is caused by prolonged
or continuous allergen exposure, the aim of this
study was to investigate the dynamics and activa-
tion of the eosinophils in the epithelium and
lamina propria of the nasal mucosa in patients with
an isolated grass pollen allergy during an out-of-
season 2-week allergen exposure, mimicking the
natural grass pollen season. The advantages of an
artificial challenge study are the well controlled
conditions, such as allergen dose, and the precise
beginning and end of the challenge period. In this
way information can be obtained not only about
the dynamics of eosinophils in the acute and late
phases but also about the continuous allergic reac-
tion. To obtain maximum information we have
repeatedly taken nasal biopsy and brush speci-
mens. The biopsy technique allows studies of both
epithelial and subepithelial layers®>”'7 and is
therefore the most suitable for investigating the
dynamics of cells in the allergic reaction. Biopsy
specimens obtained by a Gerritsma forceps can
also be taken several times in a short period
without too much discomfort for the patient.'”- 18
An advantage of the brush technique is that re-
peated harvesting of cells from the nasal mucosa is
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possible, and it provides better reflection of the
cellular events taking place within the actual epi-
thelial lining than nasal lavage.'® ! For the stain-
ing of the total number of eosinophils, Giemsa
solution and a monoclonal antibody (BMK 13)
directed to major basic protein of eosinophils®®
were used. For the determination of activated
eosinophils a monoclonal antibody (EG2) directed
to eosinophilic cationic protein, which can be
detected in activated eosinophils was used.?’ Elec-
tron microscopy was performed to obtain addi-
tional information concerning the degranulation
aspects of eosinophils.

METHODS
Patients and control subjects

Seventeen patients and four control subjects partici-
pated in this study. The patients (7 men and 10 women
with a mean age of 29 years [range, 14 to 48 years]) had
an isolated grass pollen allergy for at least 1 year, which
was confirmed by a positive skin prick test reaction to
ALK Soluprick extract (ALK, Groningen, The Nether-
lands) of 1 SQ/ml and no other positive skin prick test
reaction to 13 other common inhalant allergens, a
median RAST score of 4+ (range, 3+ to 5+), and a
median total IgE value of 290 IU/L (range, 22 to 1900
IU/L). The four control subjects (2 men and 2 women
with a mean age of 28 years [range, 24 to 44 years]) had
no nasal complaints; no abnormalities in the nose at the
time of ear, nose, and throat examination; and negative
skin prick test reactions to ALK Soluprick extract of
grass pollen and 13 other common inhalant allergens.
None of the patients or control subjects used any
medication during the study, and none had an infection
of the respiratory tract or any nasal complaints during
the week preceding the challenge.

None of the patients had any complications during or
after the study as a result of repetitive challenge, brush-
ing, or biopsy.

Design of the study

Patients and control subjects were challenged with
allergen daily during a 2-week period. Symptoms and
signs were recorded each day. At each visit specimens of
epithelial cells were collected from patients and control
subjects by the brush technique. Furthermore, during
this 2-week period, biopsy specimens were taken from all
patients three or four times, and from all control sub-
jects, two times. To allow investigation of a time-related
effect, the patients were randomly divided into two
groups for statistical reasons, so that a sufficient number
of different biopsy moments in time could be analyzed.
Thus biopsy specimens were taken from the patients
with allergy at seven different moments, as shown in
Table I. In both groups one patient underwent biopsy
only once, and no brush specimens were obtained from
these individuals. One patient in group I underwent
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TABLE }. Biopsy moments
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Biopsy moment

C

Patient group A B
IN=7) Before provocation ~ 24-48 hr (n = 5)
(n =8)
II(N=10) Yhr(n=25) 4-6 days (n = 9)
8hr (n =5)

8-10 days (n = 6)
1-2 wk after last provocation

14 days (n = 9) (m=9)

For statistical evaluation patients were split in two groups (I and II) before and during provocation.

N, Number of patients; n, number of biopsies.

biopsy only twice. Brush specimens were obtained in this
case. The control subjects were also divided into two
groups and underwent biopsy twice. Two control sub-
jects underwent biopsy before provocation and 12 days
after the first provocation. The other two control sub-
jects underwent biopsy 24 hours and 12 days after the
first provocation. All patients and control subjects gave
their informed consent. The study was approved by the
medical ethics committees of the Leyenburg Hospital.

Nasal allergen challenge

Patients and control subjects were challenged daily with
a grass pollen extract (ALK Soluprick obtained from
Diephuis, Groningen, The Netherlands) with a pump spray
delivering a fixed dose of 50 + 2 ul sprayed in both nostrils.
Before provocation, the subjects waited 15 minutes to
allow the nasal mucosa to become acclimatized to room
temperature. On the first day of the provocation, the
patients were challenged with 1000 SQ/ml, followed by
increasing doses (3000, 10,000, 30,000, and 100,000 SQ/m1)
of allergen to establish a threshold dose. The duration of
the interval between two doses was 15 minutes. Within 15
minutes of each challenge, the number of sneezes was
counted and the amount of secretion, collected in pre-
weighed paper tissues, was determined. The lowest con-
centration that produced either more than 0.5 mg of
secretion or more than five sneezes in 15 minutes was
called the threshold dose. In the following days the same
concentration was used until the patient experienced seri-
ous complaints (i.e., a score of 3 [severe symptoms] for two
or more items of the symptom score of the previous day),
at which point a new threshold dose was established.

Symptom scores

Before each provocation patients were asked which
symptoms they had experienced during the previous day.
These symptoms (nasal blockage, nasal discharge, sneez-
ing, nasal itching, and eye watering or irritation) were
recorded on a 4-point scale (0 to 3). The total symptom
score was calculated as the sum of the individual symp-
tom scores recorded. The symptom score was also used
to grade symptoms 30 minutes after each provocation.

Nasal brushes

A gynobrush (Medeco, Eindhoven, The Netherlands),
a small nylon brush used for cell sampling, was intro-

duced in the middle meatus of the nose and turned
carefully. The brush was immediately placed in a 5 ml
polystyrene plastic tube containing 5 ml of phosphate
buffered saline (PBS) and was cut off just above the
bristles. The tube with the brush was closed and stored at
4° C until transport to the laboratory. On arrival in the
laboratory, the brush was shaken vigorously in the
solution and carefully brushed off against the wall of
the tube. The tubes were centrifuged at 400 g for 10
minutes. After the supernatant was collected, the cells
were resuspended in 250 wl of PBS. If a higher degree of
dispersion was desired, the cell samples were treated
with trypsin for 30 minutes at 37° C. Aliquots of 50 .l of
the cell suspensions, containing approximately 10® cells/
ml, were loaded into a cytocentrifuge (Nordic, Tilburg,
The Netherlands) and spun for 5 minutes at 400 g. The
cytocentrifuge preparations were checked and consisted
mainly of fully dispersed cells; occasionally, small cell
clumps (5 to 8 cells) were found. If necessary, the cell
suspensions were further diluted or concentrated to
obtain appropriate cytocentrifuge preparations so that a
minimum of 500 cells could be evaluated. If necessary,
the specimens were sealed in N, gas—containing little
plastic sacks and stored at —20° C until staining was
done.

Nasal biopsy specimens

Biopsy specimens of nasal mucosa were taken from
the lower edge of the inferior turbinate, about 2 cm
posterior to the front edge with Gerritsma forceps with
a cup diameter of 2.5 mm. Local anesthesia was achieved
by placing a cotton-wool carrier with 50 to 100 mg of
cocaine and 3 drops of epinephrine (1:1000) under the
inferior turbinate without touching the area from which
the biopsy specimen would be taken.'® For light micro-
scopic evaluation, the biopsy specimens were embedded
in Tissue-Tek II OCT compound (Miles, Inc. Diagnos-
tics Div., Tarrytown, N.Y.) in a gelatin capsule and
frozen immediately.?! Biopsy specimens from the pa-
tients with allergy were taken at %2 hour, 8 hours,.and 24
hours after the first provocation and at 2, 4, 6, 8, 10, and
14 days after the first provocation and 1 and 2 weeks
after the last provocation (Table I). The biopsy speci-
mens from the control subjects were collected before the
first provocation and at 24 hours and 12 days after the
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last provocation. Biopsy specimens were always taken
before a new provocation took place. From each speci-
men, serial sections were cut on a Reichert-Jung 2800
Frigocut cryostat (Leica, Inc., Optical Products Div.,
Buffalo, N.Y.) and transferred to gelatin-coated micro-
scope slides for light microscopic evaluation. For electon
microscopy, biopsy specimens of two patients were im-
mediately immersed in 1.5% glutaraldehyde in 0.1 mol/L
sodium cacodylate buffer adjusted to pH 7.4 at 4°C.
After 24 hours, the tissue fragments were washed and
postfixed in 1% OsO, in the same buffer, dehydrated in
ethanol, and embedded in Epon (Merck, Amsterdam,
The Netherlands). Semi-thin sections were stained with
Giemsa stain. These sections were used for the selection
of areas where eosinophils were present. The selected
areas were then trimmed for ultramicrotomy, and the
ultrathin sections were contrasted with 5% uranyl ace-
tate and lead citrate according to the method of Reyn-
olds?? before examination with a Philips EM 300 elec-
tron microscope (Philips Electronic Instruments, Inc.,
Mahwah, N.J.} at 60 kV with the use of an objective with
a 30 nm aperture.

Staining procedure for biopsy sections and
cytocentrifuge preparations

The brush cytocentrifuge preparations and a part of
the biopsy serial sections were fixed with methanol for 3
minutes and stained with Giemsa stain for 20 minutes,
washed in tap water, air-dried, and finally mounted in
Entallan (Merck & Co., Inc., Whitehouse Station, N.J.}.
For immunohistochemistry the alkaline phosphatase
method was used.? In brief, 6 um thick sections of nasal
mucosa were transferred to gelatin-coated microscope
slides, dried, fixed in acetone for 10 minutes at 20° C,
rinsed in PBS (pH 7.2), and incubated with BMK 13
(Genzyme, Cambridge, Mass.), EG2 (Pharmacia, Upp-
sala, Sweden) monoclonal antibodies and irrelevant
control antibodies for 30 minutes at 20° C. The sections
were rinsed again in PBS for 5 minutes and incubated
for 15 minutes with a rabbit anti-mouse immunoglobulin
antiserum conjugated to alkaline phosphatase (DAKO
D3 14; Dakopatts, Copenhagen, Denmark) 1:20, supple-
mented with 10% normal human serum to saturate Fc
receptors and reduce background staining; sections were
then rinsed successively in PBS and Tris buffer (pH 8.0)
and incubated for 30 minutes with a New Fuchsin solution
(Chroma, Stuttgart, Germany). Finally, the sections were
rinsed with distilled water, counterstained with Mayer’s
hematoxylin, and mounted in glycerin-gelatin. Control
sections incubated with irrelevant monoclonal antibodies
of the same subclass were negative.

Light and electron microscopic evaluation

In two sections of each biopsy specimen, all eosin-
ophils with nuclei in the plane section were counted. The
number of cosinophils in the epithelium and lamina
propria were counted separately. The total surface area
of two sections and of the epithelium and lamina propria
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were determined by computer image analysis (Kontron’s
Image Analysis System Videoplan; Kontron Instru-
ments, Inc., Everett, Mass.). The number of eosinophils
per square millimeter section area in epithelium and
lamina propria was calculated. In the Giemsa-stained
cytocentrifuge preparations differential counts were per-
formed on 500 cells. For each brush specimen the
percentage of eosinophils was calculated. For electron
microscopy, the ultrathin sections were evaluated qual-
itatively only.

Statistical analysis

For the biopsy part of the study, the 17 patients were
split in two groups, each with its own measurement
scheme: before and during provocation for statistical
reasons (Table I). Three repeated measurements were
made for each of the two groups one before (A) and two
during the provocation (B,C), together constituting six
points on a time axis. Because the variables that were
evaluated were symmetrically distributed after log trans-
formation (i.e., with skewness tested to be nonsignifi-
cant), a repeated-measures analysis of variance was
performed. In this analysis the six time effects on the
dependent variable are obtained as the estimates of six
coefficients in a saturated model with three within-
subject repetitions for the time effect (two coefficients),
two between-subject repetitions for the grouping effect
(one coefficient), the interaction between repetition time
and group. Relevant are significant differences in time
effect and no significance of the grouping and interaction
effect (two coefficients) and a constant term (one coef-
ficient). The differences between the end of the provo-
cation period and the period 1 to 2 weeks after the last
provocation were analyzed with the sign test. Rank
correlation coefficients between symptoms and number
of eosinophils per square millimeter in epithelium and
lamina propria, between symptoms and percentages of
eosinophils in brush specimens, and between number
cosinophils per square millimeter in epithelium and
lamina propria and percentages of eosinophils in brush
specimens were determined.

Concerning the nasal brush specimens, the percentage
of eosinophils is considered a quadratic function of time
(day 0 to day 15). The coefficients of this function are
estimated by means of logistic regression analysis with
random effects because of the 16 repeated measure-
ments per patient. A concave function of time was
estimated (time effect: p < 0.001), with its maximum at
about day 9.

RESULTS
Symptom scores

During the 2-week daily provocation period, the
symptom scores of nasal blockage, nasal discharge,
sneezing, nasal itching and the total symptom score
recorded on the preceding day increased signifi-
cantly (Fig. 1). The symptom scores of eye water-
ing or itching did not increase significantly. Also,
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FIG. 1. Mean values of nasal symptoms: blockage, discharge, sneezing, itching, and eye
watering or irritation (experienced the day before) recorded on a 4-point scale (0 to 3). During the
2-week daily provocation period the symptom scores of nasal blockage, nasal discharge,
sneezing, nasal itching, and the total symptom score experienced the day before increased

significantly, demonstrating the priming effect.

no significant increase in symptom scores was
found in the 30 minutes immediately after the
provocation.

No correlations were found between numbers of
eosinophils in biopsy sections or brush specimens
on one hand and symptom scores on the other
hand.

Light and electron microscopic evaluation

The material obtained by the brush technique
consisted mainly of fully dispersed cells. Occasion-
ally, small cell clumps were found. Cytocentrifuge
preparations contained epithelial cells, mononu-
clear cells, granulocytes, and eosinophils.

The cryostat sections of the biopsy specimens of
the nasal mucosa had an average surface area of 3
mm? The epithelium could not be evaluated in
four sections (once before provocation, once 6
days after first provocation, and twice 1 to 2 weeks
after the last provocation). The lamina propria
usually consisted of a looser subepithelial cell-rich
layer with most of the mucous glands and a deeper
collagenous cell-poor layer on the bone. The sec-
tions were all deep enough for assessment of both
layers.

Morphologically, eosinophils could be easily
identified by their dark violet nucleus and red
cytoplasmic granules in both the cytocentrifuge
preparations of brush specimens and cryostat
sections of biopsy specimens in the Giemsa
staining and by the red appearance in immuno-
alkaline phosphate staining (Fig. 2). With elec-
tron microscopy, eosinophils could be easily

recognized in patients with allergy by the elec-
tron-dense cytoplasmic granules and the lobu-
lated nucleus (Fig. 3).

Number of eosinophils in brush specimens

The percentages of eosinophils found per 500
cells in cytocentrifuge preparations increased sig-
nificantly (time effect: p < 0.001; see Methods
section for explanation) with a maximum on day 9
(Fig. 4). The time course of the percentages of
eosinophils obtained by the nasal brush method
showed a considerable interindividual and day-by-
day intraindividual variation. The overall values
ranged from 0% to 6% before provocation and
reached a maximum of 46% in one specimen. In
the control group the percentage of eosinophils
was never higher than 1% (Fig. 4).

We wondered whether a correlation could be
demonstrated between the numbers of eosinophils
in the brush specimens and the biopsy sections.
Rank correlation coefficients were determined be-
tween the number of eosinophils in the epithelium
of biopsy sections and the average percentage of
eosinophils in the brush specimens taken after a
particular biopsy. No correlation could be deter-
mined in this way.

Number of eosinophils in biopsy sections

Epithelium. During the 2-week period of aller-
gen challenge, the total number of eosinophils
stained with BMK 13 and with Giemsa increased
significantly in the epithelium (BMK 13, p < 0.001;
Giemsa, p < 0.001) (Fig. 5). Also, a significant
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FIG. 2. Photomicrographs of three sections of one biopsy specimen of nasal mucosa of a
patient with an isolated grass polien allergy, taken at the end of the provocation period: stained
with Giemsa (A), BMK 13 (B), and EG2 (C). In contrast to the biopsy specimen taken before
provocation, large numbers of eosinophils (Giemsa and BMK 13) and to a lesser extent,
activated eosinophils (EG2) were seen. Eosinophils were predominately found in the epithelium
and subepithelial area (A).
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FIG. 3. Electron micrographs of two biopsy sections of the superficial layer of the nasal mucosa
of a patient with an isolated grass pollen allergy. A, Before provocation the easinophil is foaded with
intact granules. B, During provocation the ultrastructure of the granules is altered, and the eosinophil
is {partially) degranulated. Eo, Eosinophil; L, lymphocyte; G, goblet cell.

increase in the number of activated eosinophils
stained with EG2 was found in the epithelium (p <
0.001) (Fig. 5).

In the epithelium (Fig. 5) a couple of eosinophils
were found only in a few sections stained with

BMK 13 before and % hour after the first provo-
cation. At 8 hours after the first provocation,
eosinophils were found in almost every biopsy
section of the epithelium until the end of the
provocation period and even after the last provo-
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FIG. 4. Median percentage (lines} and ranges (bars) for Giemsa-stained eosinophils in the
cytocentrifuge preparations of the nasal brush specimens from patients and control subjects. A
significant increase was found during provocation (time effect: p < 0.001), with a maximum on

day 9.

cation. The significant increase in total number of
eosinophils, and especially in the number of acti-
vated eosinophils in the epithelium, reached a
maximum at the end of the provocation period
(Fig. 5). Two weeks after the last provocation, no
significant changes were found. At 8 hours after
the first provocation, BMK 13 cells in the epithe-
lium were not significantly increased in number as
compared with the number before provocation.

Lamina propria. In the lamina propria, as in the
epithelium, the total number of eosinophils stained
with BMK 13 and with Giemsa increased signifi-
cantly (BMK 13, p < 0.001; Giemsa, p < 0.001)
(Fig. 5), and a significant increase in the number of
activated eosinophils stained with EG2 was also
found (p < 0.001) (Fig. 5).

In the lamina propria very few eosinophils were
spotted in the deep layers before provocation.
Gradually, more eosinophils appeared in the lam-
ina propria during the provocation period (Fig. 5).
Perivascular infiltration around larger subepithe-
lial blood vessels and attachment of eosinophils
to the walls of these vessels occurred mainly after
Y hour and 8 hours. According to the Mann-
Whitney U rank-sum test, 8 hours after the first
provocation, a significant increase (p = 0.03) in
the number of BMK 13" cells was found in
comparison with the number of BMK 137 cells
before provocation. This is probably an indication
of the late phase reaction. After 1 to 2 days,
the eosinophils were scen more frequently in

the subepithelial and deeper layers. The total
number of eosinophils and the number of activated
eosinophils increased significantly and was maxi-
mal at the end of the provocation period. Two
weeks after the last provocation, no significant
changes were found in total numbers of eosin-
ophils and numbers of activated eosinophils in the
lamina propria.

Difference between BMK 13 and Giemsa
staining

The number of BMK 137 cells is higher than the
number of Giemsa™ cells at almost every biopsy
moment. This difference is significant in the epi-
thelium (p < 0.001) and lamina propria (p <
0.001) for counts from biopsy to biopsy (n = 56)
according to the Wilcoxon matched-pairs signed-
rank test. When the same test was used for counts
from patient to patient (n = 17, each n is the
average of four biopsy specimens taken per pa-
tient), the difference in epithelium just failed to
reach significance (p < 0.06), and the difference
in the lamina propria is significant again (p <
0.02).

Rank correlation coefficients were computed for
counts from biopsy to biopsy and from patient to
patient. Significant correlations were found in both
the epithelium (r, = 0.68, p < 0.001, n = 47) and
lamina propria (r, = 0.75, p < 0.001, n = 53) in
counts from biopsy to biopsy and only in the
epithelium (r; = 0.56, p < 0.02, n = 17). In the
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FIG. 5. Giemsa, BMK 13, and EG2 staining of biopsy specimens taken before, at several
moments during, and after a 2-week period of daily allergen challenge. Lines indicate median
numbers. Given p values indicate a significant time effect (an increase)} during the provocation
period for all stainings. See statistical analysis section for further explanation. Two weeks after
the last provocation, no significant changes were found in comparison with the fast biopsy

specimen taken during provocation.

nonallergic contro! subjects no significant differ-
ences in cell numbers were found.

Electron microscopy

As determined by electron microscopy, after
several days of allergen challenge, most eosin-
ophils in the epithelium and subepithelial layer
had fewer electron-dense cytoplasmic granules,
and the granules showed signs of degranulation
(Fig. 3). In the deeper layers most of the eosin-
ophils had many electron-dense cytoplasmic gran-
ules.

DISCUSSION

The knowledge concerning the dynamics of the
inflammatory cells in relation to the allergic stimulus
and to the symptoms of allergic airway discase is

poor. Studies performed until now were mainly fo-
cused on the acute>!® and late phase reac-
tions.5% 24 Only a few studies have been concerned
with activated eosinophils in various mucosal tis-
sues.?? Different results have been obtained by vari-
ous investigators, depending on the cell sampling
technique used. Some investigators reported that
eosinophils are numerous in nasal secretion and
appear early in the allergic reaction.>®1¢ Qthers
described an increased number of perivascular eosin-
ophils and slightly dilated blood vessels in postchal-
lenge biopsy specimens taken 30 minutes after prov-
ocation only’ An increase in the number of
eosinophils hours after allergen challenge has been
found more often by using superficial cell sampling
techniques, such as nasal lavages and brush sampling
than by using the biopsy technique.
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In this study a combination of repeated biopsies
and daily nasal brush sampling was used to obtain
specimens of nasal mucosa. We investigated the
dynamics and activation of eosinophils in the nasal
mucosa and nasal secretions of patients with an
isolated grass pollen allergy by using an artificial
challenge model with well controlled study param-
eters. The combination of these two cell sampling
methods provided maximum information about
eosinophil dynamics in the nasal mucosa.

To detect eosinophils we used Giemsa staining
and the monoclonal antibody BMK 13 directed to
major basic protein. We realize that basophils also
contain major basic protein,? but we did not find
large numbers of basophils in the nasal mucosa.
Therefore we concluded that BMK 13 antibody is
a more sensitive paneosinophil marker than
Giemsa staining, because we found significantly
higher numbers of BMK 137 cells in the biopsy
sections of Giemsa™ cells.

In the brush specimens we found a rapid in-
crease of eosinophils %2 hour and 8 hours after the
first provocation. This rapid increase is in accor-
dance with results of other studies.”!° In the
biopsy specimens, however, no eosinophils were
found in the epithelium % hour and 8 hours after
the first provocation. Only a slight infiltration of
perivascular eosinophils around large subepithelial
blood vessels and few eosinophils attached to the
wall of the vessel were seen in the first period. This
was also found by other investigators.> Adhesion
molecules are probably involved. An increase of
adhesion molecules was found by other investiga-
tors.”® An explanation for differences in the num-
ber of eosinophils between brush and biopsy spec-
imens at these carly time points is a rapid
migration of eosinophils from the subepithelial
blood vessels over a rather short distance through
the nasal mucosa to the surface of the epithelium.
Another explanation is an increased de-adhesion
and recoverability of cells at the surface, making
them more accessible to the brushing technique.

Furthermore, this study demonstrates that in
both nasal biopsy and nasal brush specimens the
number of eosinophils continued to increase not
only immediately after the first provocation, but
during the entire provocation period. In the lamina
propria, and especially in the epithelium of the
nasal mucosa, the increase in eosinophils contin-
ued until the last day of the provocation period.
This prolonged increase in the number of cosin-
ophils is in accordance with the results of other
studies performed during natural allergen expo-
sure in the grass pollen season* and during pro-
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longed artificial allergen challenge.® Because these
authors focused on the acute and late phase reac-
tions, the provocation period was much shorter. In
this study the increase seemed to be more extreme
in the epithelium than in the lamina propria. This
difference can be ascribed to the higher overall cell
density in the epithelium than in the lamina pro-
pria. Another explanation is that the allergic in-
flammatory response occurs in the superficial lay-
ers, such as the epithelium and subepithelial area.
Eosinophils were often seen in these layers during
provocation (Fig. 2), as were degranulated eosin-
ophils (Fig. 3). In the brush specimens we found a
significant increase in the number of eosinophils
not only in the acute phase but also during the
remainder of the provocation period with a maxi-
mum on day 9. It is possible that the migration of
eosinophils to the surface of the nasal mucosa
reached its maximum at this time. Another expla-
nation is that from day 9 on, the influx equaled the
extent of degranulation of eosinophils. When
studying the dynamics of eosinophils, the degranu-
lated granulocytes, which are probably not stained,
must also be taken into consideration. Therefore
we evaluated the biopsy specimens of two patients
with allergy by means of electron microscopy. We
found degranulated eosinophils, such as mast
cells,?’ mainly in the epithelium and subepithelial
layer. These eosinophils had few electron-dense
cytoplasmic granules (Fig. 3). This indicates that
the number of eosinophils in the superficial layers
of the nasal mucosa of patients with allergy is
probably underestimated in light microscopic eval-
uation of biopsy specimens stained with Giemsa
solution and also, probably to a lesser extent, with
BMK 13.

In the epithelium we found a significant increase
of activated eosinophils; this increase occurred
mainly during the second week. In the lamina
propria the significant increase of activated eosin-
ophils seemed to be caused by the increase in the
second week as well.

These data indicate that not only changes in cell
numbers in the acute and late phase reactions are
of importance in the pathophysiology of the aller-
gic reaction, but also the changes that occur during
prolonged allergen challenge and result in a
chronic phase of the allergic reaction. Even 2
weeks after the first provocation, the total number
of eosinophils and the number of activated eosin-
ophils had not decreased significantly.

The considerable interindividual and day-by-day
intraindividual variations in the percentage of eosin-
ophils in the brush specimens indicate that the
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brush technique, like other superficial cell collect-
ing techniques, is not suitable for clinical diagnos-
tic purposes (e.g., to screen individual patients for
allergic rhinitis). However, in studies as reported
here, this repeated harvesting of mucosal cells by
the brush technique is an excellent method for
studying the allergic inflammatory reaction on the
nasal mucosa surface for a prolonged period.

This study shows an increase in symptom
scores of nasal blockage, nasal discharge, sneez-
ing, nasal itching, and total symptom score ex-
perienced the day before. This indicates that the
priming effect, described by others,?®2° also
occurred in this study. No correlation was found
between symptom scores and the total number of
eosinophils and number of activated eosinophils
in cryostat sections of nasal biopsy or nasal brush
specimens. Some authors reported a correlation
between number of eosinophils*® or mediators
released by eosinophils” and symptoms or pollen
counts. Usually, no correlation was found.5 9 30-32
This suggests that not only eosinophils, but also other
cells in the nasal mucosa and their mediators, are
responsible for the allergic symptoms and the prim-
ing effect.
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