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airway mucosa in seasonal allergic rhinitis
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ABSTRACT: As previously demonstrated in seasonal allergic rhinitis, increased mic-
rovascular permeability and eosinophil activation are key features of allergic airway
inflammation. In the present study, the hypothesis that exudation of o.,-macroglobulin
may cause the appearance of eosinophil cationic protein (ECP) in the airway lumen
was explored.

Nasal lavages were carried out using the nasal pool device before and during the
pollen season both at baseline and after histamine challenge in 10 children with al-
lergic rhinitis. Nasal lavage fluid levels of o,-macroglobulin and ECP were deter-
mined.

All patients experienced nasal symptoms of allergic rhinitis during the pollen season
(p<0.01-0.05). Baseline nasal lavage fluid levels of 0,,-macroglobulin and ECP were
increased during the season (p<0.01-0.05) and were found to be well correlated
(p<0.0001). Histamine produced concentration-dependent plasma exudation before
and during the pollen season, but it was only during the pollen season that this caused
an increase in the lavage fluid levels of ECP (p<0.05).

These data suggest that exudation of plasma and increased tissue levels and output
of eosinophil cationic protein characterize nasal mucosal inflammation in children
with seasonal allergic rhinitis. The plasma exudation process in part may account for
lumenal entry of eosinophil cationic protein molecules that have been released in
mucosal tissue compartments. A combination of induced exudation and nasal lavage
may improve the yield of important markers of inflammation in studies of nasal
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Microvascular permeability and eosinophil activation,
as indicated by plasma proteins (e.g. albumin, fibrinogen
and o-macroglobulin), and eosinophil cationic protein
(ECP) in nasal discharges may characterize allergic rhinitis
and reflect disease severity. In accord, nasal lavage fluid
levels of these indices are increased in seasonal allergic
rhinitis in adults [1-3]. However, there is as yet limited
information about the occurrence of plasma exudation and
eosinophil activation in children suffering from this
disease. The "nasal pool" device was recently introduced
for challenge and lavage of the nasal airway mucosa in
children [4]. Thus, it now appears feasible to explore
several aspects of the exudative and eosinophilic inflam-
mation in children with seasonal allergic rhinitis, including
the use of nasal histamine challenges to produce acute
effects such as lumenal entry of bulk plasma [4]. This study
tests a novel hypothesis of luminal entry of ECP in human
airways.

In preliminary experiments in adults it was observed that
histamine challenge-induced plasma exudation responses
may move other, non-plasma-derived, subepithelial mole-
cules such as interleukin (IL)-6 into the airway lumen [5].
The acute lumenal appearance of cellular indices during
exudation is in line with data demonstrating extensive
lamina propria and epithelial passage of extravasated bulk
plasma within 10 min after topical mucosal challenge with
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histamine-like mediators [6]. Plasma proteins such as ol,-
macroglobulin can bind ECP as well as many cytokines [7,
8], and hence, it was hypothesized [9] that induced
exudation may cause important mucosal indices of allergic
inflammation to appear in the nasal lavage fluid.

In the present study, involving 7—11 yr-old children with
seasonal allergic rhinitis, nasal lavages were carried out to
assess baseline changes during a pollen season and his-
tamine challenge was combined with nasal lavage both
before and during the season. Nasal lavage fluid levels of
o-macroglobulin and ECP have been determined as
indices of mucosal exudation of plasma and eosinophil
activation, respectively. In particular, the study explored
the possibility of a parallel relation in the appearance of ol,-
macroglobulin and ECP in order to elucidate the possibility
that an acute exudation response may increase the lavage
fluid levels of ECP.

Materials and methods
Study design

Children with seasonal allergic rhinitis were examined
during the 1996 Swedish pollen season. Nasal isotonic
saline lavages were carried out before and on four occ-
asions during the season. Furthermore, nasal histamine
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challenges were performed before and once during the
season. The lavage fluid levels of o,-macroglobulin and
ECP were measured as indices of plasma exudation and
eosinophil activation, respectively. No drugs were allowed
during the pollen season except for the rescue medication,
loratadine tablets (Clarityn®), Schering-Plough, Stock-
holm, Sweden) and cromoglycate eyedrops (Lomudal®),
Rhone-Poulenc Rorer, Helsingborg, Sweden) in clinical
doses. The patients were instructed to use the rescue
medication if more than moderate symptoms occurred.

Patients

Ten children (four male and six female, aged 7-11 yrs,
mean age 9 yrs) participated in the study. The children had
a history of seasonal birch pollen allergic rhinitis, which
was verified by a positive skin prick test (five patients also
presented positive skin prick tests to timothy pollen all-
ergen). The children had no history of perennial nasal or
bronchial disease, recent respiratory tract infection or re-
cent drug treatment. The study was approved by the local
ethics committee and informed consent was obtained from
the patients and their parents/guardians.

Symptom scores

Nasal symptoms, i.e. thinorrhea, blockage and sneezes,
as well as eye symptoms, were scored by the children once
every day during the pollen season: score 0, none; 1, mild,
2, moderate; and 3, severe symptoms. Chest symptoms
were not scored during the season. However, the patients
and their parents were specifically questioned at the final
visit as to whether chest symptoms had occurred during the
study period.

Nasal pool challenge and lavage technique

The "nasal pool" device was used for saline lavages and
for concomitant histamine challenge and lavage of the
nasal mucosa [4]. The nasal pool device is a compressible
plastic container equipped with a nasal adapter. The ad-
apter is inserted into a nostril and the container is comp-
ressed by the sitting subject leaning forward in a 60° flexed
neck position. The nasal pool fluid is then instilled in one
of the nasal cavities and maintained in contact with a large
and reproducible area of the mucosal surface for a det-
ermined period (in this study, 2 min and 5 min). When the
pressure on the device is released the fluid returns into the
container. In the present study, the volume of nasal pool
fluid was 12 mL.

Isotonic saline lavage of the nasal mucosa

Two-minute lavages with isotonic saline were perform-
ed before the pollen season and on four occasions during
the season. These lavages were carried out on the same
days for all patients and at the same time point, i.e. in the
mornings. The recovered lavage fluids were frozen (-20°C)
for later analysis of o,-macroglobulin and ECP. Based on
the relative inability of the children and their patients to
visit the clinic on multiple occasions, three of the baseline
lavages (lavage 2, 3 and 4) were carried out at home under

the supervision of their parents and the lavage fluids were,
therefore, frozen without prior centrifugation. For con-
formity, the 2-min lavages that preceded the histamine
challenge series (lavages 1 and 5) (carried out at the clinic)
were also processed without prior centrifugation.

Histamine challenge and lavage

Immediately after the baseline 2-min lavages performed
before the pollen season and at the fourth occasions during
the season, a 5-min lavage with isotonic saline was
performed. With 5-min intervals, this lavage was then
followed by first a histamine (40 pg-mL™") lavage and then
a histamine (400 ug-mL™) lavage. The recovered lavage
fluids (whole samples) were centrifuged (105 x g, 10 min,
4°C) and aliquots were prepared from the supernatants and
frozen (-20°C) for later analysis of o,-macroglobulin and
ECP.

Analysis of o,-macroglobulin and eosinophil cationic
protein

The lavage fluids were placed in coded vials and the
levels of a,-macroglobulin were measured using a radio-
immunoassay sensitive to 7.8 ng-mL™'. Rabbit anti-human
ol,-macroglobulin (Dakopatts, Copenhagen, Denmark) was
used as antiserum and human serum (Behringwerke Dia-
gnostica, Marburg, Germany) as standard. Human o,-mac-
roglobulin (Cappel-Organon Teknika, Turnhout, Belgium)
was iodinated using the lactoperoxidase method. Tracer
and standard (or sample) were mixed with anti-serum be-
fore adding goat anti-rabbit antiserum (Astra Draco, Lund,
Sweden). The bound fraction was measured using a gam-
ma counter. The intra-assay and interassay coefficients of
variation were between 3.8-6.0% and 3.1-7.2%, respec-
tively.

The nasal lavage fluid levels of ECP were measured by
a fluoroimmunoassay using the CAP system (Pharmacia,
Uppsala, Sweden). Both the intra-assay and interassay
coefficients of variation are, according to the supplier,
<10%, and the cross-reactivity to eosinophil protein X
<0.02%.

Statistics

Differences in baseline lavage fluid levels of o,-mac-
roglobulin and ECP were examined using the Friedman
test. If statistical significance emerged, further analyses
were performed using the Wilcoxon signed rank test.
Differences in saline and histamine-induced lavage fluid
levels of a,-macroglobulin and ECP, respectively, between
observations before and during the pollen season were
examined using the Wilcoxon signed rank test. Correla-
tions between o,-macroglobulin and ECP were examined
using the Spearman rank correlation test. A p-value <0.05
was considered significant. Data are presented as mean+
SEM.

Results

The birch pollen counts demonstrated a marked but short
birch pollen season (fig. 1a). The children experienced



;- MACROGLOBULIN AND ECP IN ALLERGIC RHINITIS 635

a) 10000 -

"-’g 10001

[

12

[

g 100

[

K

&  10-
1- -

b)  12-
9_

o

o

2

E o

o

e

2
3_
1- - : : : .

0 7 14 21 28

Study day

Fig. 1. — a) Pollen counts (registered about 40 km from the actual study
area) and b) nasal symptom scores (mean+sem) during the 4-week study
period. The counts demonstrated a marked birch pollen season and the
scores indicated moderate symptoms. The nasal symptom scores were
significantly increased on study days 8, 10 and 11 and from the study
day 13 throughout the remaining study period (p<0.01-0.05 versus
study day 1).

moderate symptoms during the study period (fig. 1b):
nasal symptom scores were significantly increased on
study days 8, 10 and 11, and from study day 13 through-
out the remaining study period (p<0.01-0.05 compared
with study day 1). Six of the 10 patients used loratadine
infrequently during the pollen season and the mean
consumption of loratadine was five tablets during the
study period. In one case, loratadine was taken 2 days
before the histamine challenges that were carried out
during the season, whereas in the other cases >7 days
elapsed between loratadine intake and histamine chal-
lenge. The isotonic saline lavages were performed before
and during the pollen season. The histamine challenges
were performed before and after about 3 weeks of pollen
exposure.

The baseline lavage fluid levels of o,-macroglobulin
(p<0.01-0.05) and ECP (p<0.05) were increased during
the pollen season (fig. 2a, b). There was a significant
correlation between the lavage fluid levels of these
indices (r=0.81, p<0.0001) (fig. 3).

Histamine produced concentration-dependent increas-
es in nasal lavage fluid levels of o,-macroglobulin before
and late during the pollen season (table 1). The micro-
vascular exudative responsiveness to histamine before
and during the pollen season did not differ. Histamine (40
ug-mL™) increased nasal lavage fluid levels of ECP
during the pollen season (p<0.05), compared with before
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Fig. 2. — Nasal lavage fluid levels (mean+sem) of a) o,-macroglobulin
and b) eosinophil cationic protein (ECP) recorded before (4—6 weeks
before study day 0) and on four occasions during the study period. The
levels of a,-macroglobulin and ECP were significantly elevated during
the pollen season (*: p<0.05; **: p<0.01).

the season. In contrast, histamine (40 pg-mL™") failed to
produce this effect before the season (table 1). Histamine
(400 pg-mL™") produced a three-fold, statistically non-
significant, increase in nasal lavage fluid levels of ECP
during the pollen season, compared with before the sea-
son, suggesting that the preceding histamine (40 ug-mL™")
challenge had partly depleted the mucosa of its free ECP.
After histamine challenge, there was a significant cor-
relation between the lavage fluid levels of a,-macro-
globulin and ECP during the pollen season (r=0.40,
p<0.05) but not before the pollen season.

Discussion

The present study demonstrated that nasal mucosal
exudation of bulk plasma (o,-macroglobulin) and nasal
mucosal output of ECP are significant features in 7-11 yr-
old children with seasonal allergic rhinitis. The correlation
between nasal lavage fluid levels of o,-macroglobulin and
ECP was excellent and histamine challenge-induced exu-
dation of bulk plasma (0,-macroglobulin) acutely increas-
ed the lavage fluid levels of ECP exclusively during the
active allergic disease period. These data suggest the par-
ticipation of activated mucosal eosinophils and exudative
processes in childhood seasonal allergic rhinitis and sup-
port the notion that exudation of bulk plasma is associated
with movement of ECP into the airway lumen during
active allergic disease.
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Fig. 3. — Paired nasal lavage fluid levels of o,-macroglobulin and eos-
inophil cationic protein (ECP), demonstrating an excellent correlation
between these indices of plasma exudation and eosinophil activation,
respectively (r=0.81, p<0.0001).

Extravasation, lamina propria flooding and luminal
entry of bulk plasma are global features of airway mucosal
inflammation in allergic and infectious conditions [3, 5]. In
challenge experiments, it was previously demonstrated that
the luminal entry of plasma extends to threshold in-
flammatory stimulation and that lavage fluid levels of the
plasma protein o-macroglobulin (720 kDa) are a par-
ticularly valid index of this process [10, 11]. In the present
study, the plasma exudation response to histamine in the
allergic mucosa of allergic children was confirmed [4].
Furthermore, the baseline nasal lavage fluid levels of o,-
macroglobulin were increased during the pollen season.
Mucosal exudation of plasma, determined by minimally in-
vasive methods, may thus be an index of airway infla-
mmation both in children (this study) and in adults [1, 2].

Increased nasal surface levels of ECP in children have
been demonstrated in atopy [12], respiratory syncytial
virus infection [13—16] and allergic rhinitis during seasonal
pollen exposure (this study). In the present study, as well as
in the previous study in atopic children [12], baseline
lavage fluids were frozen without prior centrifugation.
Hence, the presence of ECP in these samples could reflect
free ECP as well as ECP released from intact eosinophils
by the freezing procedure. The present samples obtained
after histamine challenge were centrifuged and the pre-
sence of eosinophil cells should, therefore, not be an
artefact source of ECP in these samples, which have
produced the main findings in the present study. However,
one cannot exclude the contribution of ECP contained in
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free eosinophil granules that would remain in samples after
centrifugation. Eosinophil cytolysis, generating clusters of
free eosinophil granules, emerges as an important in vivo
mechanism for eosinophil activation in allergic and non-
allergic airway mucosa [17-19] and free eosinophil gran-
ules may also occur in nasal secretions produced after nasal
allergen exposure [19]. Hence, the present baseline ECP
levels may reflect a combination of actual released ECP
and released specific granules containing ECP. However,
the samples obtained in this study after histamine chall-
enge demonstrated a seasonal increase in ECP which was
beyond that observed in the baseline lavage fluids obtained
during the season. The ECP that was brought to the surface
by an acute histamine challenge (which produced an acute
plasma exudation response) would probably reflect already
released ECP molecules, since there is no known mech-
anism by which histamine itself would cause lumenal entry
of clusters of free eosinophil granules or cause cellular
release of ECP. This reasoning is analogous to the ex-
planation of the finding that interleukin-6, known to be
bound to o,-macroglobulin [8], can acutely be moved to
the airway surface by nasal histamine challenge in adult
individuals with allergic rhinitis [5]. As a follow-up to the
present study additional data have been obtained suggest-
ing that induced sputum can be combined with induced
bronchial exudation to improve significantly the yield and
relevance of bronchial mucosal indices of inflammation
such as ECP and cytokines [20]. Exudative challenges
(such as histamine) in combination with airway lavage and
other surface sampling techniques may be important ex-
perimental tools to monitor events occurring within the
airway mucosal tissues.

In the present study, nasal lavage fluid levels of -
macroglobulin and ECP were found to be well correlat-
ed. Both at baseline (during the season) and after acute
histamine challenges (during the season but not before the
season) the plasma exudation response was thus associated
with the lumenal entry of ECP. These data support the
hypothesis that ECP, potentially bound to plasma proteins
such as o,-macroglobulin, is transported into the airway
lumen from the epithelial lining and the lamina propria,
where it is released into the extracellular matrix during
seasonal pollen exposure. The possibility that eosinophil-
released products increase microvascular permeability to
macromolecules [21] may increase the possibility of an
association between ECP and o,-macroglobulin. Taken
together, the present findings support the notion [9] that
plasma-derived binding proteins may pick up mucosal
ECP molecules and move them to the airway surface. On a

Table 1. — Effects of nasal histamine challenge on nasal lavage fluid levels of ap-macroglobulin and eosinophil cationic

protein (ECP) before and during the pollen season

Study period

E;ﬁrﬁ‘_i{‘e Before season During season
o-macroglobulin ECP 0x-macroglobulin ECP
ugmL'1 ngmL'1 ugmL'1 ng~mL'1
0 2.3+1.6 13.1£10.8 0.7+0.3 12.549.6
40 4.8+1.9 5.243.1 3.240.7%* 18.2+12.9%
400 15.4+4.3* 3.340.9 8.1£1.5%* 10.7£7.9

Data are shown as meantsem. *: p<0.05 versus baseline; **: p<0.01 versus baseline. *: p<0.05 versus before season. Baseline is

histamine (0 mg-mL'l).
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general note, measurements representing tissue ECP may
be more relevant to bioactivity than any measurement in
the "waste" and degenerating material that may be found in
the airway lumen. Hence, the present method may be
useful in determining drug effects on eosinophilic nasal
inflammation in children.

At present, little is known about the effectiveness of an
acute plasma exudation response with regard to "rinsing"
the mucosal tissue of molecules such as ECP. The present
data suggest that most of the movable ECP required only a
low and moderately effective exudative dose of histamine,
since a subsequent challenge with a 10-fold greater con-
centration of histamine produced a smaller increase in the
lumenal ECP. It is inferred from the present data and the
hypothesis that ongoing plasma exudation in the airways
may be of importance for the appearance of many indices
in the lumen and, equally, for the absence of those same
indices in tissue samples. For example, it would have been
of interest to know the allergen challenge-induced ex-
udative activity in the study by WooLLEY et al. [22], who
found significant increases in granulocyte-macrophage
colony stimulating factor in the bronchial lumen but, cu-
riously, a decrease in the biopsy.

In conclusion, the present data indicate that seasonal
allergic rhinitis in 7-11 yr-old children is associated with
nasal mucosal exudation of bulk plasma and eosinophil
cationic protein, indicating active eosinophilic inflamma-
tion in the nasal mucosa of these patients. Furthermore, the
data support the hypothesis that the plasma exudation
process plays a role in transferring cellular products (not-
ably eosinophil cationic protein) from airway tissue comp-
artments into the airway lumen. Hence, nasal histamine
challenges may allow measurements of mucosal tissue
molecules such as eosinophil cationic protein in airway
surface samples. To some extent the combined exudative
challenge and lavage method may thus be a substitute for
mucosal biopsies, which is a particularly important con-
sideration in studies involving children. This present study
obtained important evidence on nasal eosinophil cationic
protein levels by the use of histamine challenge in these
young patients.
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