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IL-8 and the Activation of
Eosinophils and Neutrophils
following Nasal Allergen Challenge

Abstract

Background: A growing body of evidence suggests that proinflammatory cyto-
kines play a role in allergic inflammation by attracting and activating inflamma-
tory cells. In this study, we have investigated the relationship between interleu-
kin-8 (IL-8) in nasal lavage fluid and the local activation of eosinophils and neu-
trophils following nasal allergen challenge of allergic patients. Methods: Nasal
challenges were performed with grass pollen extract in 14 allergic patients and 5
nonallergic controls. Nasal lavage fluid was collected repeatedly for 10 h, and the
levels of eosinophil cationic protein (ECP) and myeloperoxidase (MPO) were
used as markers of eosinophil and neutrophil activation, respectively. The levels
of these molecules were compared with that of IL-8 in nasal lavage fluid.
Results: Allergen challenge of allergic patients produced a significant late-
phase increase in the levels of ECP and MPO. Furthermore, the level of MPO
showed a highly significant correlation with the level of IL-8 in lavage fluid
(r=0.8, p<<0.0001), whereas there was no significant relationship between the
levels of ECP and IL-8. Conclusion: Interestingly, our findings suggest that
both eosinophils and neutrophils are activated following nasal allergen chal-
lenge. In addition, our results are consistent with the hypothesis that IL-8 acts as a
chemoattractant/activator of neutrophils during the late phase of the allergic in-
flammation. In contrast, we were not able to demonstrate any significant rela-
tionship between the level of IL-8 in lavage fluid and the activation of eosino-
phils.

leukocytes [2], and a number of studies indicate that this
cytokine is an important activator of neutrophils [1, 3—6].

A growing body of evidence suggests that proinflamma-
tory cytokines play a role in allergic inflammation by at-
tracting and activating inflammatory cells. Interleukin §
(IL-8) is a potent proinflammatory cytokine belonging to
the family of C-X-C chemokines [1]. IL-8 was originally
described as a neutrophil chemotactic factor produced by
lipopolysaccharide-stimulated human blood mononuclear

Recently, considerable attention has been focused on the
possible effects of IL-8 on eosinophils. Thus, nasal chal-
lenge with IL-8 produced a marked eosinophil influx into
nasal secretions in a subgroup of allergic patients [7]. In
contrast, nasal challenge with IL-8 produced no eosinophil
influx in nonallergic controls [7], just as intradermal injec-
tion produced no eosinophil skin infiltrate in healthy sub-
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jects [8]. As eosinophil chemotaxis is sensitive to cytokine
priming [9, 10], these differences in the eosinophil response
to IL-8 might reflect differences between atopics and
healthy subjects in the priming of their eosinophils. This hy-
pothesis is supported by the finding that eosinophils isolat-
ed from patients with atopic dermatitis [9], or from the
blood of asthmatic patients after bronchoprovocation with
allergen [11] showed a chemotactic response to IL-8, where-
as eosinophils from healthy donors did not. Similar results
were obtained when eosinophils isolated from the patients
with blood eosinophilia were compared with eosinophils
from healthy subjects [10].

The aim of the present study was to investigate the rela-
tionship between IL-8 and the local activation of eosino-
phils and neutrophils following nasal allergen challenge in
pollen-allergic patients and nonallergic controls. Nasal lav-
age fluid was collected before and repeatedly for 10 h after
allergen challenge, and the level of IL-8 in lavage fluid was
measured. The levels of eosinophil cationic protein (ECP)
and myeloperoxidase (MPO) in lavage fluid were used as
markers of eosinophil and neutrophil activation in the nose.
ECP and MPO are localized to the cytoplasmic granules of
eosinophils and neutrophils, respectively, and the proteins
are released when these cells are activated and degranulate.

Materials and Methods

Design, Terminology, Ethics

The study was performed more than 2 months after the end of the
pollen season and all subjects were free of nasal symptoms at the time
of investigation. Nasal challenges were performed with grass pollen
extract in grass pollen-sensitive patients and in nonallergic controls.
During nasal challenge, sneezing was recorded, and nasal lavage fluid
was collected before and repeatedly for 10 h after the challenge. The
clinical and biochemical response to challenge, occurring within the
Ist hour, is referred to as the early-phase (EP) response. The response,
occurring within 1-10 h after challenge, is referred to as the late-phase
(LP) response. The protocol was approved by the Ethical Committee
of Copenhagen.

Volunteers

Fourteen grass pollen-sensitive patients (7 males, 7 females) vol-
unteered to take part in the study. Their median age was 24 years
(range 21-39 years). They all had hay fever symptoms in June to July
and a positive skin prick test [12] and specific IgE = class 2 to timothy
pollen (Pharmacia CAP System). Five nonallergic subjects (2 males,
3 females) of a similar age participated as healthy controls. All volun-
teers were students or hospital staff members. None suffered from
asthma or perennial rhinitis, and rhinoscopy did not reveal any ana-
tomic abnormalities. No medication was taken at the time of investiga-
tion and none had received immunotherapy.
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Allergen Extract

A standardized timothy grass pollen extract was used (Aquagen
SQ®, ALK, Hersholm, Denmark), supplied as a freeze-dried stock so-
lution. Ampoules, all from the same batch, were stored at 5°C, and
fresh solutions of allergen in 0.9% saline were made before challenge
testing. Doses of allergen are expressed in standardized quality units
(SQ-U) and, according to the manufacturer, 100,000 SQ-U of timothy
grass pollen extract equal 30,000 biologic units [12].

Allergen Challenge

One puff of 0.14 ml of the challenge solution was sprayed into each
nostril from a metered-dose pump spray. Allergic patients and non-
allergic controls were challenged with 0.9% saline twice followed by
140, 1,400, and 14,000 SQ-U of pollen extract (dose per nostril) with
10-min intervals. The nasal challenges were performed between 8 and
10 a.m. Saline and allergen solutions were kept at room temperature
for 1 h before provocation.

Recording of Nasal Symptoms

The number of sneezes was counted throughout the study period.
Nasal blockage and rhinorrhea could not be recorded in a reliable way
due to the nasal lavage procedure.

Nasal Lavage Protocol

The nasal lavage protocol has been described in detail elsewhere
[13]. The protocol consisted of 4 prechallenge lavages. Five milliliters
of prewarmed physiological saline (30°C) were instilled into each nos-
tril of the volunteer while sitting with his neck extended approximately
30° from the horizontal level. After 10 s the fluid was expelled in a
beaker made of polypropylene. To limit mucosal swelling, interfering
with subsequent lavages, the first challenge with saline (control chal-
lenge) was preceded by spraying 0.1 ml of oxymetazoline hydrochlo-
ride 0.5 mg/ml into each nostril. A nasal lavage was performed 10 min
after each challenge (saline or allergen) and 20 and 30 min after the
last allergen challenge. Hereafter lavages were performed hourly dur-
ing the time period of 2—10 h after allergen challenge.

Sample Processing

The recovered lavage fluid was immediately put on ice. Mucus
lumps were dissolved by pipetting and the fluid was centrifuged for
10 min at4°C and 1,800 g. The supernatant was separated from the cell
pellet by pipetting and stored at —20°C. The supernatant was later as-
sayed for IL-8, ECP and MPO.

IL-8 Assay

IL-8 was measured in lavage fluid samples collected immediately
after challenge with saline or 14,000 SQ-U of pollen extract and in all
samples collected 2—10 h after allergen challenge. A sandwich fluo-
rescent enzyme immunoassay (Pharmacia AB Diagnostics, Uppsala,
Sweden) was used. This assay is a modified version of the IL-8 assay
described by Peichl et al. [14]. The lavage fluid samples were incubat-
ed in microtiter wells precoated with a murine monoclonal antibody
against IL-8. After washing, a goat anti-IL-8 antibody conjugated to
[-galactosidase was added. The amount of IL-8 was measured fluoro-
metrically after adding 4-methyl-umbelliferyl-p-D-galactoside. Re-
combinant human IL-8 [15] was used as standard. The measuring
range was 10-2,000 pg/ml. Recovery of IL-8 added to the samples was
86-91%, and the test of samples in various dilutions confirmed the
absence of interference in nasal lavage fluid.
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ECP Assay

ECP was measured in lavage fluid samples collected 2—10 h after
allergen challenge. A solid phase sandwich ELISA was used. The as-
say has been described in detail elsewhere [16]. The measuring range
was 15-1,000 pg/ml and before measurement the samples were diluted
in PBS containing 0.1% Tween 20, 0.1% CTAB (N-cetyl-NNN-trime-
tyl-ammoniumbromide), 20 mM EDTA, 0.2% HSA, pH 7.4. The serial
2-fold dilution of lavage fluid samples produced dilution curves paral-
lel to the standard curve. Recovery of ECP added to the samples was
90-97%.

MPO Assay

MPO was measured in lavage fluid samples collected 2—10 h after
allergen challenge. A double antibody radioimmunoassay (Pharmacia
AB Diagnostics, Uppsala, Sweden) was used. The assay has been de-
scribed in detail elsewhere [17]. MPO present in the samples compet-
ed with a fixed amount of '*’I-labeled MPO for the binding sites of
specific antibodies. Bound and free MPO were separated by the addi-
tion of a second antibody immunosorbent followed by centrifugation
and decanting. The measuring range of the assay was 8-1,000 ng/ml.
Recovery of MPO was 90-105%, and testing samples in various dilu-
tions confirmed the absence of interference in nasal lavage fluid.

Statistical Analysis

Statistical analyses were performed using SigmaStat for Windows,
Version 1.0, Jandel Corporation. Nonparametric techniques were used
and results are presented as medians and quartiles. The Friedman test
was used to test whether there was an overall difference between time
points, and Dunn’s test was used to identify individual time points that
were significantly different from baseline. The correlation between
two variables was tested using the Spearman rank order correlation
test. Two-tailed p values of <0.05 were considered significant. The
area under the curve (AUC) was calculated using trapezoid integra-
tion.

Results

Symptoms following Allergen Challenge

Allergen challenge of pollen-allergic patients produced
symptoms of allergic rhinitis in all patients. EP sneezing
was marked with a median number of 15 (quartiles 8-19)
sneezes after challenge with the highest dose of allergen. LP
sneezing was scattered without a well-defined maximum in
time. Allergen challenge of nonallergic controls and chal-
lenge with saline (control challenge) did not induce any
sneezing.

IL-8 in Lavage Fluid following Allergen Challenge

IL-8 was detectable in most lavage fluid samples ob-
tained both before and after nasal allergen challenge. Ten
minutes after nasal challenge with saline (control chal-
lenge), the median level of IL-8 in lavage fluid was 30 pg/ml
(quartiles <10-88 pg/ml). Ten minutes after nasal chal-
lenge with 14,000 SQ-U of pollen extract, the median value

IL-8 in Allergic Rhinitis

75 T T

AIL-8 (pg/ml)

Hours after allergen challenge

Fig. 1. Change in the level of IL-8 in nasal lavage fluid during the
LP response to allergen. Medians and quartiles are shown. For each
patient, the value obtained 2 h after allergen challenge was used as
baseline and subtracted from the other values. * p<<0.05, significant
increase in IL-8 during the LP response (paired comparisons between
baseline and other time points).

increased to 48 pg/ml (26—169 pg/ml) but this increase was
not statistically significant (p=0.4). Two hours after the
start of the allergen challenge, the median IL-8 level was
48 pg/ml (19-73 pg/ml), and in the following hours, we ob-
served a small increase in the level of IL-8 reaching statis-
tical significance 6 h after allergen challenge (p<<0.05;
fig. 1).

Allergen challenge of nonallergic subjects did not in-
duce any EP or LP increase in the level of nasal lavage 1L-8
(data not shown).

Activation of Eosinophils and Neutrophils following

Allergen Challenge

Allergen challenge of allergic patients produced a signif-
icant LP increase in the level of ECP. Two hours after al-
lergen challenge, the median value of ECP was 15 ng/ml
(quartiles 2-30 ng/ml), and we observed a steady increase in
the level of this mediator reaching statistical significance
6 h after allergen challenge (p<0.01; fig. 2).

Nine patients also showed an LP increase in the level of
MPO reaching a maximum 9-10 h after allergen challenge,
whereas the remaining patients showed variable levels with-
out a well-defined maximum in time. Two hours after al-
lergen challenge, the median value for all 14 patients was
50 ng/ml (quartiles 24-191 ng/ml), and in the following
hours, we observed a small increase in the level of MPO
reaching statistical significance 9 h after allergen challenge
(p<0.05, data from all 14 patients included in the statistical
analysis; fig. 2).
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Fig. 2. Change in the levels of ECP/MPO in nasal lavage fluid dur-
ing the LP response to allergen. Medians and quartiles are shown. For
each patient, the value obtained 2 h after allergen challenge was used
as baseline and subtracted from the other values. *p <<0.05, significant
increase in ECP/MPO during the LP response (paired comparisons
between baseline and other time points).

Allergen challenge of nonallergic subjects did not in-
duce any LP increase in the levels of ECP or MPO (data not
shown).

Activation of Eosinophils and Neutrophils versus

IL-8 in Lavage Fluid

There was a marked interindividual variation in the over-
all levels of ECP and MPO (as determined by the area under
the curve during the time period 2—10 h after allergen chal-
lenge). When the overall level of MPO was compared with
the overall level of IL-8 we found a highly significant corre-
lation between these two molecules (r=10.8, p<<0.0001;
fig. 3). In contrast, there was no significant relationship be-
tween the overall levels of ECP and IL-8 (r=0.5, p=0.1;
fig. 4). We also compared the level of IL-8 in individual lav-
age fluid samples with the level of ECP in samples obtained
at later time points. Like the comparison between overall
levels, the latter comparison also failed to demonstrate any
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Fig. 3. Relationship between the overall levels of IL-8 and MPO
during the LP response to a nasal allergen challenge. The values shown
are calculated as the AUC (trapezoid integration) for all nasal lavage
fluid samples collected 2—10 h after allergen challenge.
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Fig. 4. Relationship between the overall levels of IL-8 and ECP
during the LP response to a nasal allergen challenge. The values shown
are calculated as the AUC (trapezoid integration) for all nasal lavage
fluid samples collected 2—10 h after allergen challenge.

significant correlation between the levels of IL-8 and ECP
in nasal lavage fluid (data not shown).

Discussion

Our findings confirm previous reports that IL-8 can be
detected in nasal lavage fluid [18-23]. However, the IL-8
levels measured in the present study are lower than reported
in previous nasal lavage studies. This could reflect the use of
different nasal lavage techniques, differences in the proc-
essing of the lavage fluid samples or the use of different
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IL-8 assays. IL-8 was present in lavage fluid from both al-
lergic patients and nonallergic controls, and allergen chal-
lenge of allergic patients produced a small but statistically
significant LP increase in the level of IL-8, reaching a maxi-
mum after 6 h. In contrast, no EP increase was observed af-
ter allergen challenge of allergic patients. Similar results
have been reported by Bachert and Ganzer [23] using the
same nasal lavage technique but a different protocol and by
Sim et al. [24] using a matrix method to collect nasal secre-
tions.

The source of IL-8 in nasal lavage fluid is not known. The
cytokine can be produced by a variety of cells including nasal
epithelial cells [25], nasal fibroblasts [26], endothelial cells
[27], lymphocytes [28], monocytes [2], macrophages [29],
mast cells [30], neutrophils [31] and eosinophils [32]. Im-
munohistochemical staining of nasal mucosa biopsies indi-
cates that IL-8 is predominantely localized to the nasal epi-
thelium in both healthy subjects and allergic patients [33].
This finding suggests that at least some of the IL-8 recovered
in nasal lavage fluid is derived from nasal epithelial cells.
However, it is possible that other cell types also secrete IL-8
without accumulating the cytokine in the cytoplasm in a suf-
ficiently high concentration to be detected.

In this study, the levels of ECP and MPO in lavage fluid
were used as indices of eosinophil and neutrophil activation
in the nose. ECP is specific for eosinophils (only negligible
amounts are found in other cell types [34]) and MPO is pre-
dominantly localized to neutrophils (small amounts of
MPO are also found in monocytes [35]). The proteins are
stored in the cytoplasmic granules and are released during
degranulation of the cells. As degranulation is an important
aspect of cell activation, we believe that ECP and MPO in
nasal lavage fluid are valid markers of eosinophil and neu-
trophil activation in the nose, although other aspects of cell
activation, such as altered expression of surface molecules
or increased oxidative metabolism, cannot be detected us-
ing this approach.

Allergen challenge of allergic patients produced a signif-
icant LP increase in the levels of both ECP and MPO (al-
though the increase in MPO was less pronounced than the
increase in ECP). This finding suggests that both eosino-
phils and neutrophils are activated following nasal allergen
challenge. In contrast, allergen challenge of nonallergic
controls produced no such response. These results are in
agreement with other studies showing that nasal allergen
challenge in allergic patients (but not in healthy controls) is
followed by a marked LP influx of both eosinophils and
neutrophils [23, 36].

The small LP increase in MPO levels, observed using the
nasal lavage technique, is not necessarily detected using

IL-8 in Allergic Rhinitis

other techniques to sample nasal secretions. Recently, Wang
et al. [37] used a microsuction technique to measure the
concentration of MPO in nasal secretions. Using this tech-
nique, the authors were not able to demonstrate any LP in-
crease in MPO levels following nasal allergen challenge of
allergic patients. One possible explanation could be that the
microsuction technique (unlike the nasal lavage technique)
measures the absolute concentration of mediators in nasal
secretions, and that MPO levels are reduced (diluted) by the
allergen-induced rhinorrhea.

In the present study, MPO levels correlated significantly
with the level of IL-8 in nasal lavage fluid. This finding is
consistent with the hypothesis that IL-8 acts as a chemo-
attractant/activator of neutrophils during the LP of the al-
lergic inflammation. However, we realize that a nasal lavage
study cannot provide us with any definite proof of such a
hypothesis. Thus, a positive correlation between the level of
IL-8 and the activation of neutrophils does not necessarily
reflect a causal relationship between these two variables,
and it cannot be excluded that other mechanisms are respon-
sible for the observed covariation between the level of IL-8
and the activation of neutrophils.

In contrast to the above finding, no correlation was found
between the level of IL-8 in nasal lavage fluid and the LP
activation of eosinophils. The reason(s) for this is not
known. In a previous study, nasal challenge with IL-8 pro-
duced influx of eosinophils into nasal secretions in a small
subgroup of allergic patients (3 out of 8§ patients) [7]. This
finding does not imply, however, that IL-8 actually acts as
a major eosinophil chemoattractant during the allergic in-
flammatory response. Several other cytokines and inflam-
matory mediators (e.g. IL-5 [38], IL-3 [39], GM-CSF [39],
eotaxin [40], RANTES [41], MIP-1a [41], LTB, [39], PAF
[39] and C5a [39]) are capable of attracting and/or activa-
ting eosinophils, and it is likely that the influx and local acti-
vation of eosinophils following allergen challenge is con-
trolled by multiple factors (and some of them may be more
important in this respect than the concentration of IL-8 in
the nasal mucosa). Furthermore, the study was performed
outside the pollen season and it is possible that the outcome
would have been different if the study had been performed
in the pollen season (due to priming of the eosinophils).

To our knowledge, this is the first report of the relation-
ship between IL-8 and the levels of MPO and ECP in nasal
lavage fluid following an experimental nasal allergen chal-
lenge. Recently, Kuna et al. [18] used a different lavage
technique to study the levels of chemokines and mediators
in nasal lavage fluid collected during natural pollen expo-
sure. In the study of Kuna et al., the activation of neutrophils
was not investigated, whereas the activation of eosinophils
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was assessed using ECP levels in lavage fluid samples. As
in our study, the investigators observed no correlation be-
tween the levels of IL-8 and ECP when the patients were
exposed to allergen. In contrast, the investigators observed a
significant correlation between the levels of IL-8 and ECP
outside the pollen season, when the patients were asympto-
matic. The reason for this finding is not known.

In conclusion, our findings suggest that both eosinophils
and neutrophils are activated following nasal allergen chal-
lenge. Furthermore, our results are consistent with the hy-
pothesis that IL-8 acts as a chemoattractant/activator of

neutrophils during the LP of the allergic inflammation. In
contrast, we were not able to demonstrate any significant
relationship between the level of IL-8 in nasal lavage fluid
and the activation of eosinophils during the allergic inflam-
matory response.
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