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Eosinophils in exercise-induced asthma

Per Venge, MD,* Jorn Henriksen, MD,** and Ronald Dahl, MD**

Uppsala, Sweden, and Arhus, Denmark

The variations in serum levels of eosinophil cationic protein (ECP) have been measured after
exercise challenge of 13 patients with asthma with exercise-induced asthma (EIA) and nine
patients with asthma without EIA. The patients were treated before exercise in a randomized
and blinded fashion with inhalation of one dose of either disodium chromoglycate, terbutaline,
or budesonide and in an open study with 4 weeks of inhaled budesonide. In the group with EIA,
there was, in some patients, an initial increase in serum levels of ECP after exercise, but 60
minutes after exercise, the levels were significantly reduced (p < 0.001). Disodium
chromoglycate and 4 weeks of budesonide treatment inhibited this reduction. Histamine
challenge of the group with EIA produced a similar fall in serum ECP levels (p < 0.001). The
group without EIA had initially lower levels of ECP than the group with EIA (p < 0.05 to

p < 0.01), and ECP stayed unaltered after exercise. The preexercise serum ECP levels
correlated significantly to the maximal fall in peak expiratory flow in the untreated group

(r = 0.91; p < 0.001) and in the group receiving one dose of budesonide (r = 0.62;

p < 0.05). The blood eosinophil counts were unchanged after challenge and not related to lung
Sfunction. The results suggest that the ECP content in serum reflects the degree of allergic
inflammation in the lungs and thereby the degree of bronchial hyperreactivity. (J ALLERGY CLIN

IMMUNOL 1991,88:699-704.)
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The symptoms of chronic asthma are most likely a
consequence of an inflammatory process in the lung.
During recent years, it has become increasingly clear
that the EOS plays an important role in the develop-
ment of chronic asthma, possibly caused by its great
cytotoxic potential.’ We have previously investigated
the relationship of the activity of the EOS to the asth-
matic reaction after allergen challenge, both in the
laboratory** and during the pollen season.’ These
studies demonstrated a relationship between the ac-
tivity of the EOS, as measured by serum levels of
ECP, and the asthmatic reaction. One of the conclu-
sions from these studies was that the enhanced activity
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Abbreviations used
EOS: Eosinophil
EIA: Exercise-induced asthma
LAR: Late asthmatic reaction
PEF: Peak expiratory flow
ECP: Eosinophil cationic protein
DSCG: Disodium chromoglycate

of the EOS is one prerequisite for the development of
the LAR after allergen challenge.

In many subjects with asthma, exercise will induce
an early asthmatic reaction. An LAR to exercise has
been observed by some investigators, but the preva-
lence appears to be quite low.®'' The underlying
causes of EIA are poorly understood. The reaction
might reflect the inflammation in the lung of the in-
dividual with asthma, although no experimental data
to confirm this hypothesis are available. The possible
role, however, of the EOS in EIA has not been in-
vestigated. The aim of this study was to study the
variations in activity of the EOSs, as measured by
serum levels of ECP, after exercise challenge of pa-
tients with EIA with the hypothesis that the enhanced
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FIG. 1. Variations in serum ECP levels after submaximal
exercise of patients with asthma; patients who reacted
with an EIA, N = 13; patients who did not react with EIA,
N = 9. Results are presented as means + SD; * and **
p < 0.05and p < 0.01 compared to the group without EIA;
p < 0.001 at 60 minutes indicates the significant difference
compared to the results before exercise.

activity of the EOS is one prerequisite for the devel-
opment of EIA. To accomplish this aim, we pretreated
a group of patients with asthma with various antiasth-
matic drugs to modify the reaction to exercise, as has
been described previously.

PATIENTS AND STUDY PROTOCOL

The patients consisted of two groups and were described
in detail in a previous publication.'> One group comprised
13 adult subjects with asthma (six women and seven men;
average age, 29 years; range, 15 to 39 years) with EIA,
defined as a >15% fall in PEF after submaximal exercise.
The other group comprised nine adults with asthma without
EIA (four women and five men; average age, 27 years;
range, 22 to 34 years). The patients were not allowed to
take any bronchodilators or DSCG within 8 hours before
the exercise. Oral bronchodilators were withheld for 24

hours. Glucocorticosteroids were not allowed the last 3

months.

Pretreatments were administered in a randomized order
in a double-blind fashion 15 minutes before exercise chal-
lenge and consisted of five puffs from pressurized aerosols
of either budesonide, 200 wg per puff, terbutaline, 250 pg
per puff, or DSCG, 1 mg per puff. In addition, 12 of the
13 patients were treated with budesonide aerosol, 400 j.g
in the moming and 600 pg in the evening, for 4 weeks,
after which, patients performed a final exercise challenge.
The protocol was approved by the Danish health authorities
and the ethics committee of the Medical Faculty of Arhus
University.
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METHODS

The exercise challenges consisted of 6 minutes of con-
tinuous exercise on a bicycle ergometer at a work load
previously adjusted to 80% of the predicted maximal work-
ing capacity of the patients. Heart rate was measured by
electrocardiogram monitor, and mean heart rate from the
last 30 seconds of exercise was recorded as final heart rate.
Room temperature and relative humidity were recorded at
each visit.

PEF was measured by Wright’s peak flow meter (best of
three attempts) 15 minutes before exercise (before premed-
ication), immediately before exercise (baseline), after 2, 4,
and 6 minutes of exercise, and 1, 3, 5, 10, 15, 20, 25, 30,
and 60 minutes after exercise. Thereafter, PEF was mea-
sured once every hour for the rest of the day to detect a
possible LAR. The bronchial response to exercise was cal-
culated as percentage fall in PEF:

Baseline PEF — lowest PEF
after exercise

Baseline PEF

EIA % fall = x 100

Histamine challenge test was performed according to a
standardized method."

Blood was obtained just before, just after, and 10, 15,
25, and 60 minutes after challenge with either exercise or
histamine. Serum was freshly frozen in small aliquots and
stored at —20° C until analysis. Serum levels of ECP were
measured by a described method." Blood EOS counts were
performed under the microscope after eosin staining of the
cells with standard techniques.

Statistical methods

Wilcoxon’s signed-rank test and linear regression anal-
ysis were used. All statistical calculations were performed
on a personal computer by means of the statistical package,
Statgraphics (STSC, Inc., Rockville, Md.).

RESULTS

The average fall in PEF without pretreatment was
in the group with EIA, 36% (range, 15% to 62%),
and in the group without EIA, 6% (range, 3% to
11%). None of the patients experienced an LAR
after exercise. In a previous publication, the effect
of the different medications on EIA was docu-
mented.'? Briefly, terbutaline, DSCG, and 4 weeks
of budesonide treatment significantly reduced the
fall in PEF to, on average, 8%, 17%, and 17%, re-
spectively (p < 0.001, p = 0.002, and p = 0.01,
respectively), whereas, one dose of budesonide was
without significant effect (average 26% fall in
PEF).

The variations of ECP levels in serum after exercise
of patients with asthma are illustrated in Fig. 1. In
patients with EIA, the ECP levels revealed a slight
tendency to increase immediately after exercise. After
this slight increase, however, the levels were reduced
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FIG. 2. Variations in serum ECP levels after submaximal exercise of patients with asthma and
the effects of antiasthmatic treatment. Results are presented as means. The p values at 60
minutes after exercise indicate differences compared to the results before exercise.

and, significantly so, 60 minutes after exercise
(p < 0.001). In patients without EIA, the ECP levels
were unaltered during the whole observation period
and significantly lower than levels observed in the
group with EJA before, 0, and 10 minutes after ex-
ercise (p < 0.05 to p < 0.01).

After premedication with terbutaline and one dose
of budesonide, the results in treated patients were very
similar to the results in untreated patients with sig-
nificant reductions of ECP 60 minutes after exercise
(p < 0.01 to p < 0.001). In contrast, after premed-
ication with DSCG and after 4 weeks of budesonide
treatment, ECP levels stayed unaltered during the ob-
servation period (Fig. 2).

The alteration in ECP levels after exercise dem-
onstrated no relation to the severity of EIA. However,
in the untreated group, the ECP levels before exercise
were significantly correlated to the maximal fall in
PEF after exercise (p << 0.001) (Fig. 3), as well as
in the one-dose budesonide-treated group (r = 0.63;
p < 0.05). This relationship was not observed after
DSCG, terbutaline, or 4 weeks of budesonide
treatment.

Blood EOS numbers before exercise were similar
in all groups (Table I) and demonstrated no relation

to the fall in PEF after exercise. Blood EOS numbers
after exercise are illustrated in Fig. 4 and demonstrated
no difference between the two exercise groups. How-
ever, the EOS counts were significantly elevated at
time O after exercise in both groups, as compared to
the counts before exercise (p < 0.05).

The serum levels of ECP after histamine-challenge
of 12 patients with EIA are illustrated in Fig. 5. The
ECP levels were significantly (p < 0.001) reduced 25
and 60 minutes after challenge.

DISCUSSION

In previous studies we have demonstrated that ECP
will rise significantly in serum during the early asth-
matic reaction after allergen inhalation challenge in
about one third of the patients but that this rise is
subsequently replaced by a quick reduction in ECP
levels.> * In the remaining two thirds of the patients,
only the fast reduction in serum ECP levels after chal-
lenge is observed. The reasons for these two patterns
are not clear, although it is likely that the initial rise
is a reflection of the activation of the EOSs as a con-
sequence of the challenge. The reduction has been
postulated to be dependent on the exclusive and ac-
celerated elimination of ECP by mechanisms induced



702 Venge et al.

Maximal reduction in PEF, %

J. ALLERGY CLIN. IMMUNOL.
NOVEMBER 1991

[ J
r=0.91
p<0.001
[}
N T v T T T — " T —
10 20 30 40 50 60

Serum-ECP, ug/i

FIG. 3. Correlation between the serum ECP levels before exercise in the untreated group and

the maximal fall in PEF after exercise.

TABLE |. Blood EOS numbers before exercise
in patients with EIA

Median Actual range
Treatment x10°/L x10%/L
Untreated 265 102-709
DSCG 479 90-715
Terbutaline 321 68-828
Budesonide 1 dose 298 129-676
Budesonide 4 weeks 293 124-1013

None of the differences in EOS numbers were statistically significant.
Wilcoxon'’s signed-rank test was used.

by the asthmatic reaction, since another EOS-specific
protein, eosinophilic protein X, did not elicit any such
reduction after challenge. One speculation as to this
specific elimination of ECP is related to the demon-
stration of the binding of ECP to the plasma protein
a-2-macroglobulin,’ since this requires the brief at-
tack of a-2-macroglobulin by proteases, such as
thrombin and cathepsin G, both of which may be
produced during the acute allergic reaction. It is there-
fore of interest that exercise of subjects with asthma
who react with an asthmatic reaction induces almost
identical patterns. As was suggested in the earlier
studies,’ these patterns in the variation of the levels
of ECP are not merely the consequence of the smooth

muscle reaction, since the bronchoconstrictor, me-
tacholine, does not affect the ECP levels and since,
as is also demonstrated in this study, the most effective
drug in inhibiting the bronchoconstriction, terbutaline,
was without effect in this respect. Also similar to the
allergen challenge studies, prolonged treatment with
budesonide prevented the reduction in ECP after chal-
lenge. However, in contrast to previous findings with
metacholine, histamine challenge, in fact, produced
a similar reduction in serum ECP levels. The under-
lying mechanism is obscure but may indicate that his-
tamine has some other effects on lung cells besides
the contraction of bronchial smooth muscles. Indeed,
a number of studies have described the interaction
between histamine and various EOS activities, such
as secretion'® 7 and migration.'®?' Also histamine in-
duces changes in lung permeability, seemingly inde-
pendent of smooth muscle contraction.”? We therefore
conclude, as to this part of the study, that the variations
in serum ECP levels after EIA are similar to variations
observed after allergen-induced asthma and that both
procedures induce the formation of active principles,
which enhance the elimination of ECP. This reduction
in ECP is mimicked by histamine challenge,
suggesting a relation to endogenously released his-
tamine. > >

The other major question which is addressed in this
study is why some subjects with asthma react with
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FIG. 4. Blood EOS counts after exercise challenge of patients with asthma; patients who reacted
with EIA, N = 13; patients who did not react with EIA, N = 9. The blood EOS counts are sig-
nificantly elevated (p < 0.05) in both groups at time 0 after exercise compared to before exercise.

asthma to exercise and other subjects do not and what
determines the extent of the reaction. Two findings in
this study may provide some answer to this question.
The ECP levels in those patients who did not have
EIA were significantly lower before challenge than
levels found in the group with EIA, which would
indicate that the activity of the EOSs in the group
without EIA was lower. This finding is reminiscent
of the previous observation that patients with asthma
who reacted with an LAR to inhalation allergen chal-
lenge had much higher serum ECP levels before chal-
lenge than patients who did not have an LAR.>* We
interpreted this to mean that one prerequisite for the
development of an LAR was the presence in the blood
of activated or primed EOSs ready to be attracted to
the lung. Another possibility might be that the serum
ECP levels reflect the extent of EOS inflammation in
the lung, since we have recently found a good cor-
relation between the ECP levels in bronchoalveolar
lavage fluid and serum in a group of subjects with
mild asthma.? Therefore, EIA may reflect the ongoing
inflammatory process in the lung. The very good cor-
relations between the fall in PEF and the ECP levels
before exercise found in the untreated group and in
the one-dose budesonide-treated group support this
hypothesis.

We conclude from this study that the variations of
levels of ECP in EIA are similar to variations observed
after allergen inhalation challenge and histamine chal-
lenge of patients with asthma but that the variations
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FIG. 5. Serum ECP levels after histamine challenge of 12
patients with asthma with EIA. Levels after 256 and 60 min-
utes were significantly reduced compared to levels before
challenge.

are independent of the asthmatic reaction, as measured
by PEF. We also conclude that EIA is dependent on
the extent of the involvement of EOS in the inflam-
matory process of the lungs of patients with asthma,
as reflected by serum ECP levels. Serum ECP level
measurements may therefore be clinically useful as
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objective signs of the inflammatory process of the lung
in patients with asthma.
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