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Bronchial mucosal manifestations of atopy: a comparison
of markers of inflammation between atopic asthmatics,
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ABSTRACT: We studied the role of atopy, as defined by positive skin tests to
common inhalant allergens, in allergic bronchial inflammation.

Endobronchial biopsies were taken via the fibreoptic bronchoscope in 13
symptomatic atopic asthmatics, 10 atopic nonasthmatics, and 7 normals.

The numbers of mast cells, identified in the submucosa by immunohisto-
chemistry using the AAl1 monoclonal antibody against tryptase, were no dif-
ferent between the three groups, but electron microscopy showed that mast cell
degranulation, although less marked in atoplc nonasthmatics, was a feature of
atopy in general. The numbers of eosinophils, Identified by Immunohisto-
chemical staining using the monoclonal anti-eosinophil cationic protein antibody,
EG2, were greatest in the asthmatics, low or absent in the normals and inter-
mediate in the atopic nonasthmatics. In both atopic groups eosinophils showed
ultrastructural features of degranulation. Measurements of subepithelial base-
ment membrane thickness on electron micrographs showed that the collagen
layer was thickest In the asthmatics, Intermediate in the atoplc nonasthmatics
and thinnest in the normals,

The results suggest that airways eosinophilia and degranulation of eosinophils
and mast cells, as well as increased subepithelial collagen deposition, are a
feature of atopy In general and suggest that the degree of change may deter-
mine the clinical expression of this immune disorder.
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Accumulating evidence from postmortem and
bronchoscopy studies [1-6] has established mucosal
inflammation as a major feature of asthma. Charac-
teristically, asthmatic airways are infiltrated with
inflammatory cells, predominantly eosinophils,
although increases in other cell types, including lym-
phocytes and mast cells, have also been reported
[4, 7]. There is now evidence that inflammatory cells
in the airways are also in a state of heightened activ-
ity, as suggested by studies of lymphocyte activation
markers [6, 8], findings of increased mediator levels
in bronchoalveolar lavage (BAL) [9, 10], and electron
microscopic observations of mast cell and eosinophil
degranulation [11].

A link between atopy, defined by the presence of
skin test positivity to common inhalant allergens, and
the clinical expression of asthma has been established,
in that allergen challenge in the laboratory results in
bronchoconstriction, enhanced airway responsiveness
[12], and airway inflammation [S, 13]. Although in
a proportion of patients developing asthma later in life
it is not possible to elicit positive skin responses, the

concentration of serum immunoglobulin E (IgE) has
recently been shown by Burrows et al. [14] to relate
closely to the expression of asthma irrespective of the
presence of atopy, suggesting that in most patients
suffering from this disease IgE-mediated mechanisms
may play an important role. However, it remains
unclear why only a proportion of atopic individuals
develop lower airways disease, whilst the vast major-
ity remains either asymptomatic or suffers from aller-
gic manifestations restricted to other sites such as the
nose, eye and skin.

To improve understanding of the relevance of atopy
to the airway histopathological changes and clinical
expression of asthma, we have extended our previously
reported study of atopic asthma [11] to those atopic
subjects with a history of allergic rhinitis but no lower
airway symptoms. In addition to numbers and
ultrastructural appearance of airway mucosal mast cells
and eosinophils, we have compared the three subject
groups with respect to thickness of the subepithelial
collagen layer of the lamina reticularis. We have
related these pathological changes in the airways to
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skin wheal responses to common allergens and total
serum IgE as indices of atopy as well as to airway
function and methacholine responsiveness.

Subjects and methods

All subjects underwent skin prick testing with a se-
ries of common inhalant allergens (Dermatophagoides
pteronyssinus, Dermatophagoides farinae, mixed grass
pollens, cat fur, dog hair, feathers and a mixture
of moulds; Bencard, Brentford, UK) according to
the method of Pepys [15], and the greatest wheal
diameters were recorded after 15 min. Subjects were
classified as being atopic if skin prick tests resulted
in a wheal reaction which was at least 3 mm greater
than that produced by physiological saline control.
The sums of the greatest diameters of skin wheal
responses to three of the most common inhalant aller-
gens in the UK (Dermatophagoides pteronyssinus,
mixed grass pollens and the greater of the responses
to cat fur and dog hair) were used as an index of an
individual's atopy.

On the basis of positive history of wheeze and
attacks of breathlessness, associated with increased
diurnal peak expiratory flow variability, 13 subjects
(5 female; mean age 28 yrs, range 19-66 yrs) were
classified as asthmatic. All were symptomatic at the
time of study and treated only with salbutamol. Ten
subjects (3 female; mean age 26 yrs, range 20-44
yrs), without past or present asthmatic symptoms, but
with a history of other atopic diseases, including
allergic rhinitis, allergic conjunctivitis and eczema
(n=3), were classified as atopic nonasthmatics. Seven
nonatopic, symptom-free subjects (3 female; mean age
17 yrs, range 21-45 yrs) were designated as normal
controls.

The study was performed outside the pollen season.
For at least two months prior to bronchoscopy none
of the asthmatics had received any disease-modifying
drugs. None of the atopic nonasthmatics or normal
control subjects was taking any medication for at least
2 weeks preceding the study. The study was approved
by the Southampton Hospitals and University Ethics
Subcommittee and patients gave their written informed
consent.

Measurement of total serum IgE

Total serum IgE was measured using the enzyme-
linked immunosorbent assay (ELISA) in a sample of
blood drawn on the day of bronchoscopy.

Measurement of FEV, and PC,, methacholine

Forced expiratory volume in one second (FEV.)
was measured on the day of methacholine cha]-
lenge using a dry wedge spirometer (Vitalograph,
Buckinghamshire, UK). Airway responsiveness was
measured by methacholine challenge between 2 and 5

days before fibreoptic bronchoscopy according to a
method modified from Cuar et al. [16], as reported pre-
viously [11], with concentrations of methacholine
(Sigma, Poole, UK), ranging from 0.03-16 mg-ml*.
The cumulative provocative concentration of metha-
choline (PC,;M) was calculated by linear interpolation
between the last two points of the log-dose-response
curve. The top concentration of methacholine used in
the atopic non-asthmatics and normal controls was 16
mg'ml?, and if this failed to cause a >20% fall, the
cumulative PC, M was recorded as being >32 mg-ml?,

Bronchoscopy

Fibreoptic bronchoscopy was performed according to
the National Institute of Health guidelines [17] and our
previously reported protocol [11}. After premedication
with nebulized salbutamol and ipratropium bromide,
i.m. atropine and i.v. midazolam to achieve mild
sedation, the bronchoscope (Olympus 1T20, Tokyo,
Japan) was introduced through the nose or mouth
under local anaesthesia and with supplemental oxygen.
Using alligator forceps (Olympus FB 15C) two biop-
sies were taken of subcarinae in the lower and mid-
dle lobes of the right lung.

Processing of endobronchial biopsies

One coded biopsy sample was processed into
Araldite resin for immunohistochemistry as reported
previously [11]. For each cell type, five sections
1 um thick were cut at 10 um intervals to avoid over-
lapping of cells, and the positively stained nucleated
cells were counted by a blinded observer. Mast cells
were* demonstrated using a mouse monoclonal antibody
(AA1) directed to tryptase of human mast cell gran-
ules [18]. Eosinophils were stained using a mouse
monoclonal antibody, EG2 (Cambridge, Bioscience,
Cambridge, UK), which is specific for the cationic
protein (ECP) present in eosinophil granules [19].
Antibody binding was displayed by peroxidase-labelled
avidin-biotin complexes as described previously [11].
The submucosa was delineated on the Video Inter-
active Display System (VIDS II) and its area calcu-
lated using software for measurement of area (AMS
Analytical Measuring Systems, Cambridge, UK), The
cell counts of the entire submucosal area, excluding
glands and blood vessels, were expressed as the
number of cells'mm2

The second coded biopsy was processed into Spurr
resin for electron microscopy as reported previously
[11]. Electron micrographs of mast cells and
eosinophils were taken for observation of the ultra-
structure of their granules. As described previously
[20], the thickness of the lamina reticularis layer of
collagen was measured using Vernier callipers on elec-
tron micrographs of well-orientated sections at a mag-
nification of x5,000. Five points were measured for
each specimen by a blinded observer and the mean
used for analysis.
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Data analyses

Comparisons of logarithmically transformed PC, M
and IgE values and the FEV, (% predicted) values
were made by one way analysis of variance and the
two-tailed paired Student's t-test. The mean sub-
mucosal cell counts as well as collagen layer thick-
ness and sums of skin wheal responses were compared
between groups using the Kruskal-Wallis test and
the Wilcoxon's signed rank test for paired samples.
Correlations between the logarithmically transformed
values of IgE and PC, )M were sought by linear reg-
ression. Relationships between skin wheal responses
and PC, M, as well as between both mast cells and
eosinophils and collagen thickness were tested by
Spearman's rank correlation.

Results

The sum of the maximal diameters of wheal
responses to three most common allergens in the asth-
matics (median 20 mm, range 8-54 mm) was greater
than in the atopic nonasthmatics (median 12 mm,
range 7-26 mm), but this failed to reach significance
(p=0.06). Total serum IgE levels were highest in
the asthmatic group (geometric mean 180 IU, range
10-6,048 I1U), and although significantly greater
(p<0.001) than those measured in the normal controls
(geometric mean 17 IU, range 10-39 IU) the differ-
ence failed to reach significance (p=0.07) when com-
pared with the atopic nonasthmatic group (geometric
mean 47 IU, range 10-546 IU) (fig. 1). Serum IgE
levels were significantly higher (p<0.05) in the atopic
nonasthmatics than in the normal controls.
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Fig. 1. - Total immunoglobulin E (IgE) concentrations in the

asthmatics, atopic nonasthmatics and healthy controls (normals).
Horizontal bars indicate geometric mean values.

The meanssp percentage of predicted FEV, values
measured on the day of methacholine challenge were
lower in the asthmatics (89+£11%) than in both the
atopic nonasthmatics (106+£9.6%, p<0.001) and the

normal controls (108+12%, p<0.005), which were not
significantly different. The asthmatics had a range of
PC, M from 0.06-5.68 mg'ml?! (geometric mean
PC,M 0.69 mg'ml?), whereas in the normal control
group PC,)M could not be obtained with the highest
tested concentration. Three atopic nonasthmatics had
a PC,M <16 mg'ml?’, with one subject achieving a
value within the asthmatic range (4.8 mg-ml?).

The concentration of total serum IgE in the asthma-
tics was weakly but significantly inversely related to
the PC, M (r=-0.55, p<0.05) but was not related to the
atopic index as defined by skin testing. There was no
relationship between the skin allergen responses and
PC, M.
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Fig. 2. — Numbers of mast cells (upper panel) and eosinophils

(lower panel) in the submucosa of atopic asthmatics, atopic
nonasthmatics and healthy controls (normals). There were no
significant differences in mast cell numbers between the groups.

Inflammatory cell populations

There was no significant difference between the
asthmatic (median 53 cells‘mm™, range 19-192
cellsmm?) and either the atopic nonasthmatic (median
22 cells'mm™, range 20-44 cells'mm?) or normal
control groups (median 56 cells'mm?, range 24-83
cellssmm?) (fig. 2). Eosinophil numbers were high-
est in the asthmatics (median 47 cells'mm™, range
9-126 cells'mm?) and lowest in the normals (median
1 cell'mm?, range 0-3 cells'mm?), with those of
atopic nonasthmatic subjects (median 3.6 cellss'mm,
range 0-85 cellssmm) being intermediate and signifi-
cantly different from both the asthmatics (p<0.005) and
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the normal controls (p<0.05) (fig. 2). There was no
relationship between total serum IgE and either mast
cell or eosinophil numbers in both atopic groups.

Fig. 3. - Mast cells in the bronchial submucosa: a) of an asth-
matic; b) of a healthy control subject. In biopsies of asthmatic
subjects mast cells were seen with ultrastructural appearance
suggestive of piecemeal degranulation (a) and with degranulation
channels compatible with the anaphylactic type of degranulation
(c), (uranyl acetate-lead citrate stain; transmission electron micro-
scopy; bar=1 pm).

Ultrastructural appearance of mast cells and
eosinophils

Electron microscopy showed that whilst all of
the mast cells of normals contained intact granules dis-
playing a lattice and scroll pattern (fig. 3b) those in
asthmatics showed varying degrees of degranulation
(fig. 3a and c). Some mast cells in the asthmatics dis-
played features suggestive of piecemeal degranulation,
consisting of partial loss of granular substance with
remnant granular content being present within
intact granular membranes (fig. 3a), whilst others con-
tained degranulation channels characteristic of the
anaphylactic type of degranulation (fig. 3c). Although
most mast cells in the atopic nonasthmatic subjects
were also fully granulated, occasional cells showed
evidence of a lesser degree of degranulation of both
piecemeal and anaphylactic types.

In both atopic groups eosinophils were seen by elec-
tron microscopy to display a similar degree of
granule heterogeneity, with apparent dissolution of
granular matrix and core, frequently yielding an
inverse staining pattern whereby the normally darker
core stained more lightly than the matrix. As no
eosinophils were seen by electron microscopy in the
sections from normal controls, no comparison of their
ultrastructure was possible with the other two subject
groups.
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Fig. 4. - Subepithelial collagen thickness in the asthmatics,

atopic nonasthmatics and healthy controls (normals). Horizontal
bars indicate median values.

Subepithelial collagen

The thickness of the subepithelial collagen layer was
greatest in the asthmatics (median 7.3 pm, range 5.6-
10 pum), intermediate in the nonasthmatics (median 5.4
um, range 3.6-7.7 pum, p<0.05) and least in the
normals (median 3.4 pm, range 2.2-5, p<0.0005)
(fig. 4), and the differences were significant between
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all three groups. There was no relationship between
either mast cell or eosinophil numbers and the colla-
gen thickness in either of the studied groups.

Discussion

In this study we have shown that mucosal eosi-
nophilia and activation of mast cells and eosinophils,
as judged by structural features of degranulation, are
a characteristic of atopy in general, with the extent of
changes being related to the expression of the asth-
matic state. In both atopic groups there was increased
collagen deposition beneath the epithelium which was
greatest in asthma and intermediate in atopic non-
asthmatics, suggesting that bronchial fibrosis may be
occurring in atopy in the absence of overt clinical
asthma.

A role for the mast cell in the experimentally pro-
voked early asthmatic response (EAR) to inhaled
allergen has been firmly established [21]. Although
mast cell numbers in BAL have been shown in some
but not all studies to be elevated in asthma [3, 4], we
have confirmed our previous observations of similar
numbers of these cells in mucosal biopsies in asthmat-
ics and normals [5] and have extended this observa-
tion to atopic nonasthmatics. The electron microscopic
appearances in both atopic groups were compatible with
the anaphylactic and piecemeal types of degranulation
described by Dvoraxk and co-workers [22, 23] but were
more pronounced in the asthmatics than in the atopic
nonasthmatics. These structural observations are
in keeping with reports of increased releasability of
BAL mast cells in asthma [24], resulting in elevated
histamine [25] and tryptase levels [26], and with the
capacity of H -antihistamines to cause bronchodilatation
in atopic asthmatics [27]. Our present finding of a
mild loss of mast cell granular content in atopic
nonasthmatics offers an explanation for the elevated
histamine levels in BAL of allergic rhinitis patients,
found by CasaLE et al. [25] to be intermediate to those
measured in atopic asthmatics and normals.

The potential of the eosinophil to produce inflam-
matory mediators such as leukotrienes and the
arginine-rich basic proteins, major basic protein
(MBP), localized to the granule core, and ECP and
eosinophil peroxidase (EPO), localized to the matrix,
has placed it as a major effector cell of allergic
disease [21]. In our study mucosal eosinophilia,
although most pronounced in atopic asthmatics, was
shown to be another general feature of atopy. In both
atopic groups these cells contained granules with fea-
tures which have been attributed to eosinophil activa-
tion such as dissolution of granule cores. There is
ample evidence that activated or "primed" eosinophils
have the capacity to generate more mediators such as
leukotriene C, (LTC,) (28] and that they are hypo-
dense when separated on discontinuous density cen-
trifugation [29]. The role of activated eosinophils
in the airways of atopic nonasthmatics is unclear,
but they could contribute to a mild form of mucosal
inflammation in the absence of clinical disease.

The presence of atopy and IgE-mediated aller-
gic mechanisms appears also to play a role in the
development of long-term consequences of allergic
inflammation in the form of bronchial fibrosis. The
mechanisms leading to excessive collagen deposition
in atopy are unclear but probably involve enhanced
production by inflammatory cells of factors which
stimulate fibroblastogenesis and collagen synthesis.
Both eosinophils [30] and mast cells [31, 32] have the
capacity to activate fibroblasts, but the absence of
correlation between cell numbers and collagen thick-
ness suggests that the relationship is complex
and probably related more to the functional status of
these cells. By analogy with other diseases such as
diabetes mellitus, in which basement membrane
changes occur in the "subclinical" form of the disease
[33], the present study would suggest that pathologi-
cal changes in atopy can be seen before the develop-
ment or in the absence of overt lower airways disease.

Both atopic groups were significantly different from
normals with respect to total serum IgE concentration,
with a tendency for asthmatics to have higher IgE
levels and develop greater skin responses than the
atopic nonasthmatics. These data suggest that IgE is
an important determinant of atopic disease expression,
which would be supported by our observation of a
weak but, nevertheless, significant relationship between
serum IgE levels and airway methacholine responsive-
ness. It would also be in keeping with the observa-
tion of a relationship between IgE and the prevalence
of asthma [14]. However, the absence of correlation
between total serum IgE and cell numbers points to
the complexity of mechanisms involved in cell recruit-
ment into the airways.

Preliminary evidence in humans, analogous to stud-
ies in mice [34], suggests preferential selection of
lymphocytes with a Th2-like phenotype in atopic
patients suffering from atopic dermatitis and asthma
[35, 36], with the resulting profile of secreted cyto-
kines supporting the allergic inflammatory response to
inhaled allergen. Thus, whatever the genetic origin of
atopy, our data would support the view that this
abnormality leads to diversion of the mucosal immune
response to IgE and its interaction with mast cells and
eosinophils which, if minimal, fails to produce lower
respiratory tract symptoms. Although a mild form of
airway hyperresponsiveness may be detected in atopic
nonasthmatics, it would appear that these immune
responses are greatly enhanced in the lower airways
in asthmatic individuals, for reasons which are still
unclear.

In conclusion, we have demonstrated the presence of
inflammatory changes in the bronchial mucosa of both
atopic asthmatics and atopic nonasthmatics. Because
these inflammatory changes were most pronounced in
asthmatics, and intermediate in atopic nonasthmatics,
we suggest that they are related to the expression of
clinical asthma and that serum IgE and atopy, as dem-
onstrated by skin tests, are important determinants of
the degree of inflammation in the airway mucosa and
consequent expression of disease.
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