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Background: Eotaxin is a chemokine specific for eosinophils and may play an important role in eosinophil
recruitment in asthma. The effects of eotaxin inhalation on sputum and blood eosinophils, exhaled nitric
oxide (NO), and bronchial responsiveness were determined.
Methods: Eotaxin was administered by nebulisation to asthma patients in three studies: (1) an open dose
finding study with eotaxin (5, 10 and 20 mg) to two asthmatic subjects; (2) a randomised placebo
controlled study with 20 mg eotaxin to five asthmatic subjects and five normal volunteers; and (3) a
randomised placebo controlled study with 40 mg eotaxin to nine asthmatics. Forced expiratory volume in
1 second (FEV1), exhaled NO, and blood eosinophils were measured before and hourly for 5 hours after
nebulisation and at 24 and 72 hours. Methacholine bronchial challenge and sputum induction were
performed before and at 5, 24, and 72 hours after nebulisation.
Results: In the two placebo controlled studies there was no change in sputum eosinophil count and sputum
eosinophilic cationic protein concentration after eotaxin inhalation compared with placebo. FEV1, exhaled
NO, and methacholine PC20 did not change. However, high dose eotaxin (40 mg) induced an increase in
sputum neutrophil count compared with placebo (p,0.05).
Conclusions: Inhaled eotaxin up to 40 mg induced no changes in sputum eosinophil count but at 40 mg it
increased the sputum neutrophil count. The significance of this finding is unknown.

E
otaxin is a CC chemokine which was first isolated from
guinea pig bronchoalveolar lavage (BAL) fluid.1 It
selectively binds to a specific receptor (CCR3) which

has been cloned2 3 and which is selectively and highly
expressed on eosinophils,2 basophils, mast cells, and T helper
type 2 cells4—cells which may be important in the pathogen-
esis of asthma. Inhalation or skin injection of eotaxin in
guinea pigs is associated with an on-site increase in
eosinophils.5 Eotaxin and CCR3 mRNA are highly expressed
in the bronchial tissue of asthmatic patients, both atopic and
non-atopic.6 It has also been found in high concentrations in
BAL fluid7 and eotaxin mRNA is highly expressed in sputum
cells8 from asthmatic patients. The extent of eotaxin mRNA
expression in the bronchial mucosa of asthmatic patients has
been positively correlated with airway eosinophil count,
bronchial hyperresponsiveness, and symptom scores.9 These
findings strongly indicate a role for eotaxin in the eosino-
philic airway inflammation characteristic of asthma.

To determine the potential role of eotaxin in asthma, we
determined whether eotaxin administered by inhalation
could induce pulmonary eosinophilia. Exhaled nitric oxide
(NO), cells in induced sputum, lung function, bronchial
responsiveness, and circulating eosinophil counts were
measured.

METHODS
Three consecutive studies were performed. The first was an
open label dose finding and safety study in which increasing
concentrations of eotaxin (5, 10, and 20 mg) were each
administered to two patients with asthma (total of six
subjects). The second study was a double blind, placebo
controlled, crossover, randomised study in which 20 mg
eotaxin was administered to five asthmatic subjects and five
normal volunteers (low dose study), while the third study
was a double blind, placebo controlled, crossover, rando-
mised study of 40 mg eotaxin in nine asthmatic subjects (high
dose study).

Baseline measurements of forced expiratory volume in
1 second (FEV1), exhaled NO, and blood eosinophil count
were performed immediately before eotaxin or placebo
inhalation and 3–5 days before induced sputum and metha-
choline bronchial challenge. After eotaxin/placebo inhalation,
FEV1, exhaled NO, and blood eosinophil count were
measured at 0.5, 1, 2, 3, 4, 5, 24, and 72 hours and
methacholine bronchial challenge followed by sputum
induction were performed at 5, 24, and 72 hours. In placebo
controlled studies eotaxin and placebo administration
were in randomised order and were separated by a 2 week
interval.

Subjects
Asthma patients were recruited according to a diagnosis of
mild persistent asthma as defined by current GINA guide-
lines.10 They were lifelong non-smokers with a provocative
concentration of methacholine that caused a 20% decrease in
FEV1 (methacholine PC20) of ,8 mg/ml and an FEV1 of
.65% predicted and no history of other respiratory disease.
Subjects recruited to the study should have had no asthma
exacerbation and/or respiratory infection in the previous
4 weeks, no use of corticosteroid treatment (inhaled and/or
systemic) in the previous 3 months, and use of only rescue
inhaled rapid acting b2 agonist (less than once a day).
Normal volunteers had no history of respiratory disease, no
evidence of atopy (negative history and skin prick tests), and
a methacholine PC20 of .16 mg/ml. The Royal Brompton &
Harefield Hospital ethics committee approved the protocols
and each subject signed an informed consent.

Study design
Human recombinant eotaxin (carrier free with ,1.0 EU
endotoxin/1 mg eotaxin; R&D Systems, Abingdon, UK) or
placebo was administered by inhalation using a jet nebuliser
(MEDIC-AID, Pagham, UK) in 2 ml normal saline with 0.1%
human serum albumin. After the first 2 ml was nebulised, a
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further 2 ml normal saline was added and nebulised to
ensure complete administration of eotaxin.

FEV1 was measured using a spirometer (Vitalograph,
Buckingham, UK). The best of three reproducible attempts
was recorded. Predicted values were those published by the
European Respiratory Society (ERS). Methacholine bronchial
challenge was performed according to current ERS guide-
lines. Increasing concentrations of methacholine were given
by inhalation via a dosimeter (Mefar, Bovezzo, Italy) and
FEV1 was measured after each inhalation. The PC20 was
calculated by interpolation on the logarithmic dose-response
curve. Exhaled NO was measured with a chemiluminescence
analyser (model LR2000, Logan Research, Rochester, UK)
using a previously described method.11 The mean values were
taken from the point corresponding to the end of the plateau
of exhaled carbon dioxide, representing the lower respiratory
tract sample. The mean of two consecutive measurements
was recorded. Eosinophil blood count was performed using
an automated haematology analyser (Advia, UK).

Sputum induction and processing were performed accord-
ing to a previously published method.12 After methacholine
challenge, subjects inhaled 200 mg salbutamol and FEV1 and
peak expiratory flow (PEF) were measured 30 minutes later.
Subjects then inhaled hypertonic saline (3.5%) from an
ultrasonic nebuliser (Ultraneb 2000, deVilbiss, Somerset, PA,
USA) for three consecutive periods of 5 minutes each.
Sputum induction was stopped if FEV1 fell to ,80% of
baseline. Sputum processing was performed in the first
2 hours after induction. Sputum was mixed with 0.1% DTT
(dithiothreitol, Sigma-Aldrich, Poole, UK) filtered through a
70 mm cell strainer and centrifuged at 300g for 10 minutes at
4 C̊. The supernatant was stored at 270 C̊ for later assays.
The cell pellet was resuspended in Hank’s balanced
salt solution (Sigma-Aldrich) up to 1 ml and total cell count,
total inflammatory cell count, and viability were assessed.
Samples were discarded if they had .80% squamous cell
contamination or ,80% viability. Slides were prepared by
cytocentrifugation (Cytospin 3, Shandon Scientific, Runcorn,
Cheshire, UK) using 25 000 inflammatory cells per slide and
stained with Diff-Quick (Merz & Dale, Dudingen,
Switzerland). Differential cell counts were made on two
different slides for each sample, counting at least 300
inflammatory cells per slide, and the means of two slides
were recorded.

Eosinophilic cationic protein (ECP) was measured in
the sputum supernatant with a commercial kit (Pharmacia
& Upjohn Diagnostics AB, Uppsala, Sweden) which has a
lower limit of detection of 8 pg/ml. Eotaxin levels were
measured in induced sputum of asthmatic patients in the
low dose study. Part of the sputum sample was dissolved
in cold TFA buffer and then stored at 220 C̊. Eotaxin was
measured by ELISA using matched paired antibodies (R&D
systems).

Analysis of data
In the dose finding study we performed comparisons of time
points with baseline values. In the placebo controlled studies
values after eotaxin were compared with those after placebo.
The maximum response over 72 hours was used as a
summary measure of the post-inhalation values, and
statistical comparisons were performed using these values.
Individual time point values were used only to show the time
trend of changes. The mean difference (effect size) with 95%
confidence intervals (CI) was computed for sputum cell
counts. A paired t test was used for comparisons except for
sputum cell counts, sputum ECP levels, and blood eosinophil
counts where Wilcoxon signed rank test was used. Statistical
significance was defined by a p value of ,0.05.

RESULTS
Dose finding study
There was no obvious trend for a dose-dependent effect of
eotaxin. However, by pooling the data in the six asthmatic
subjects, we observed a trend toward an increase in sputum
eosinophil count at 5 hours (3.50 (0.45)% v 1.08 (0.25)% at
baseline, p = 0.06) which was less obvious at 24 and 72 hours
(3.53 (0.95)% and 4.39 (1.86)%, respectively) after eotaxin
inhlation. There was no change in blood eosinophil count,
exhaled NO, FEV1 or methacholine PC20. We observed no
clinical worsening in asthma after eotaxin administration.

Low dose study (20 mg eotaxin)
Baseline measurements were similar in the two study
periods. Neither eotaxin nor placebo inhalation had an effect
on FEV1, methacholine PC20, or exhaled NO. Furthermore,
there was no difference in blood eosinophil counts between
eotaxin and placebo, and no difference in the sputum
eosinophil count after eotaxin compared with placebo in
asthmatic or normal subjects (table 1). Both eotaxin and
placebo induced a similar increase in sputum neutrophil
count at 24 hours in asthmatic and normal volunteers (fig 1).
There was no difference in ECP levels in sputum samples
from asthmatic patients after eotaxin inhalation compared
with baseline. To determine whether eotaxin was present in
the lungs following inhalation, eotaxin was measured in
sputum samples from five asthmatic volunteers after inhala-
tion. Detectable levels of eotaxin were found in three subjects
5 hours after nebulisation with return to baseline values at
24 hours (fig 2).

High dose study (40 mg eotaxin)
Baseline measurements did not differ between placebo and
eotaxin inhalation for all the variables studied. Valid sputum
specimens for cell counts were obtained at all time points for
seven patients. Comparisons were performed for all subjects
(intention-to-treat analysis) except for sputum cells.
Comparisons were also performed for the seven subjects
with complete valid sputum specimens and the results were
similar (not shown). We observed no change in FEV1,
methacholine PC20, exhaled NO, or circulating eosinophils
during the 72 hour observation period after eotaxin inhala-
tion. There was no difference in any of these variables
between placebo and eotaxin.

Sputum eosinophil counts did not differ after eotaxin
inhalation compared with placebo (figs 3A and 4; 95% CI for
the mean difference crosses the line of no change for the
maximum response over 72 hour time course). ECP concen-
trations in sputum supernatants did not change after either
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Figure 1 Mean (SE) sputum neutrophil counts in patients with asthma
after inhalation of either eotaxin (20 mg) or placebo. b = measurement
before inhalation (baseline).
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eotaxin or placebo inhalation. Sputum neutrophil counts
were higher after eotaxin inhalation than after placebo (fig 4,
maximum sputum neutrophil count). The time trend of
sputum neutrophil count (fig 3B) shows a maximum
24 hours after eotaxin inhalation.

DISCUSSION
In this first study of inhaled eotaxin in subjects with asthma
we did not observe any change in sputum eosinophil count
and sputum ECP concentration after inhalation of 20 and
40 mg human recombinant eotaxin compared with placebo.
Inhalation of eotaxin also had no effect on exhaled NO, blood
eosinophil count, lung function (as expressed by FEV1), or
bronchial hyperresponsiveness. However, we found an
unexpected increase in the sputum neutrophil count after
inhalation of 40 mg eotaxin, with a maximum at 24 hours
after inhalation.

The absence of an eosinophil response after eotaxin
administration contradicts the findings in previous studies
with other species or organs. Administration of eotaxin in
the skin is followed by eosinophil influx in guinea pig,1 5

which is increased by intravenous administration of inter-
leukin (IL)-5.13 Cutaneous injection of 10 mg eotaxin in
human volunteers was followed by a significant eosino-
phil influx beginning at 1 hour and persisting for 24 hours;
this was associated with an influx of basophils, macro-
phages, and, unexpectedly, of neutrophils.14 Eosinophil
influx was evident with 1 mg eotaxin, but neutrophil
influx occurred with eotaxin concentrations of 0.01 mg.14

Administration of eotaxin to the respiratory mucosa has
produced variable results. Intranasal administration to
mice induced significant eosinophil influx in nasal mucosa
only in IL-5 transgenic mice and not in the wild type,15 while
intranasal administration of 8 mg (4 mg/nare) in human
atopic volunteers was followed by an eosinophil influx in
the nasal lavage fluid.16 Eotaxin administration to the lower
airways of naı̈ve guinea pigs either by aerosol (24 pmol
,0.2 mg in 10 ml in two animals)5 or by intratracheal
instillation17 was followed by an influx of eosinophils into

the BAL fluid. On the other hand, intratracheal instillation
of up to 5 mg eotaxin induced an eosinophil influx in BAL
fluid only in IL-5 transgenic mice and not in the wild
type.18 In another experiment intratracheal instillation of
eotaxin (0.5 mg) in naı̈ve mice was not followed by any
eosinophil influx, even when preceded by intravenous
administration of IL-5.19

There may be several reasons for our failure to demonstrate
the chemotactic effect of eotaxin for eosinophils. Firstly, the
dose delivered to the airways may not have been sufficient.
This is possible because 10 mg was considered the optimal
dose for cutaneous injection in humans and 8 mg for
intranasal administration. In both situations the amount of
eotaxin delivered would have been the amount reaching the
active site. On the other hand, we found an unexpected but
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Figure 2 Mean (SE) eotaxin concentration in sputum (pM/g and mg/g)
after eotaxin inhalation in three volunteers in which there were
detectable levels. Eotaxin levels were increased at 5 hours and had
returned to baseline levels at 24 hours. b = baseline.

Table 1 Mean (SE) sputum eosinophil counts (%) in low dose eotaxin study

Time point

Asthma Normal

Eotaxin Placebo Eotaxin Placebo

Baseline 0.50 (0.29) 0.50 (0.29) 0.53 (0.29) 0.53 (0.31)
5 hours 1.07 (0.30) 2.13 (1.10) 0.90 (0.78) 0.17 (0.13)
24 hours 0.47 (0.15) 1.42 (0.86) 0.36 (0.19) 0.23 (0.23)
72 hours 0.93 (0.23) 0.43 (0.11) 0.63 (0.40) 0.40 (0.16)

Comparisons were made using the Wilcoxon signed rank test.
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Figure 3 Sputum cell counts for (A) eosinophils and (B) neutrophils.
Horizontal bars represent medians. No time trend was seen in
eosinophil counts, but there was an increase in sputum neutrophils
after eotaxin inhalation which reached a maximum at 24 hours. E-b
or P-b = baseline measurement after eotaxin or placebo; E-5, E-24, E-
72 = time in hours after eotaxin inhalation; P-5, P-24, P-72 = time in
hours after placebo.
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clear effect on sputum neutrophil count, which suggests that
a significant quantity of eotaxin was delivered to the lower
airways. Also, in the low dose study the eotaxin concentra-
tion in induced sputum increased 5 hours after eotaxin
inhalation to a level of nearly 1.5 mg/g sputum, signalling the
presence of a significant amount at the level of the lower
airways. It is possible, however, that at higher doses an effect
on eosinophils in addition to the effect on neutrophils might
have been seen, as in the skin study by Menzies-Gow et al.14 A
second explanation could be that eotaxin is present in excess
in the lower airways and the quantity administered in the
study did not make any difference. This again is contradicted
by the clearcut effect on the neutrophil count.

It is also possible that the study had insufficient power to
show an increase in sputum eosinophil count after eotaxin
inhalation. The 40 mg study actually showed higher sputum
eosinophil counts after placebo than after eotaxin . In order
to compute the power of our study we used a published value
of standard deviation of the difference between duplicate
measurements of induced sputum eosinophils of 2.15%
obtained from 84 untreated asthmatics 1 week apart.20

Using this value we calculated that our study of seven
patients would have been able to show a difference in the
sputum eosinophil count of at least 2.3% with a power of 80%
at a confidence level of 95%. If eotaxin is an effective
eosinophil chemoattractant when administered in vivo, a 5%
increase in the eosinophil count might be expected as is seen,
for example, after experimental allergen challenge.

It is also possible that other factors (such as IL-5) may be
important for eosinophil influx. This would be in concor-
dance with mice studies which have shown an absence of
effect in wild type and a clearcut positive effect on
eosinophils in IL-5 transgenic mice.18 Intravenous IL-5 in
human asthmatic volunteers is followed by increased
circulating eosinophil progenitors and increased expression
of eosinophil CCR3.21 These changes could be necessary for
eosinophil recruitment by eotaxin in human lower airways.
In this case, intravenous administration of IL-5 before
eotaxin inhalation may be more successful in attracting
eosinophils to the lower airways, and patients with more
severe asthma may respond to a greater extent.

We found an unexpected increase in sputum neutrophils
after inhalation of high dose eotaxin. This effect was also
seen following cutaneous injection.14 It is unlikely to be
caused by any potential endotoxin contamination as the
levels were very low (,1.0 EU/1 mg eotaxin). CCR3 has been
shown to be expressed on neutrophils after stimulation with
interferon c.22 Menzies-Gow et al showed that low levels of
CCR3 are present on fresh neutrophils and disappear after
purification;14 however, they could not find any evidence that

this receptor is functional. They concluded that neutrophil
influx is secondary to mast cell degranulation with release of
neutrophil specific chemotactic factors such as IL-8.
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Figure 4 Mean differences with 95% confidence intervals (CI) between
eotaxin and placebo inhalation in sputum eosinophil and neutrophil
counts at baseline and for the maximum response over 72 hours. There
was no difference in baseline values and maximum eosinophil count, but
a significant increase in neutrophil count was seen after eotaxin
inhalation compared with placebo.
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