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Secretion of granule proteins from eosinophils
and neutrophils is increased in asthma

Marie Carlson, MB, Lena Hakansson, PhD, Christer Peterson, DMS,
Gunnemar Stalenheim, MD,* and Per Venge, MD Uppsala, Sweden

The activity of eosinophil and neutrophil granulocytes with respect to secretion of granule
proteins was studied in 30 patients with asthma and with varying severity of their disease.
Granulocytes were stimulated with serum-opsonized Sephadex particles, and the released

amount of eosinophil cationic protein (ECP), eosinophil protein X (EPX), and myeloperoxidase
was measured by means of specific radioimmunoassays. Eosinophils from patients with asthma
released significantly more (p < 0.001) ECP and EPX after 20 minutes of incubation than cells
Jrom control subjects without asthma. The release of myeloperoxidase from neutrophils was also
somewhat higher (p < 0.03). The serum concentrations of ECP and EPX were also significantly
increased (p < 0.001) in the group with asthma. No significant relationships were found
between clinical variables and the secretory activity of either eosinophils or neutrophils. We
conclude that eosinophils and, to some extent, neutrophils from subjects with asthma have an
increased propensity to release their granule proteins, which we suggest is a consequence of

priming of these cells. (J ALLERGY CLIN IMMUNOL 1991,87:27-33.)
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During recent years, a role for the eosinophil gran-
ulocyte in asthma has been suggested by a number of
studies. Thus, the eosinophil contains several highly
cytotoxic proteins, such as ECP, EPX (eosinophil-
derived neurotoxin), eosinophil peroxidase (EPO),
and major basic protein, which may cause damage to
airway epithelium resembling the histopathologic find-
ings in asthma." ? The eosinophils also produce the
potent bronchoconstrictory agents, leukotriene C, and
platelet-activating factor.> * Moreover, eosinophil ac-
cumulation is a common finding in the lung of patients
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TABLE 1. Degranulation of eosinophils and neutrophils expressed as percent of the total
intraceliular content (percent mean + SEM)
incubation Patients with I
Protein time (min) Reference group asthma Value
ECP 0 0.2 = 0.1 0.1 = 0.0 NS
(N = 18) (N = 30
EPX 0 0.2 =+ 0.1 0.2 + 0.1 NS
(N =17 (N = 30)
MPO 0 0.1 = 0.1 0.2 = 0.1 NS
(N =18 (N = 30)
ECP 5 34 =04 5.8 = 0.7 <0.004
(N = 18) (N = 29)
EPX 5 6.1 = 0.5 9.4 + 0.6 <0.001
(N =17) (N = 29)
MPO 5 20 =03 30 £03 <302
(N = 18) (N = 29)
ECP 20 7.9 £ 0.8 13.0 = 1.0 <000}
(N = 18) (N = 30)
EPX 20 127 = 1.3 19.6 + .2 <(0.001
(N =17) (N = 30)
MPO 20 4.0 + 04 6.1 = 0.7 <0.03
(N = 18) (N = 30)

The statistic differences between the reference group and patients with asthma were calculated by means of the Mann-Whitney U test.

Abbreviations used

ECP: Eosinophil cationic protein
EPX: Eosinophil protein X
EPO: Eosinophil peroxidase
MPO: Myeloperoxidase

PEF: Peak expiratory flow rate
RIA: Radioimmunoassay

with asthma during day-to-day asthma or after allergen
challenge in those patients who experience a late asth-
matic reaction.” In one study, patients with asthma
were challenged with their allergen, and serum levels
of ECP and the number of blood eosinophils were
assayed as measures of activity and availability of the
eosinophils. In those patients who developed a late
asthmatic reaction, the eosinophil numbers and ECP
levels were significantly raised before challenge in
contrast to eosinophil numbers and ECP levels in those
patients who only experienced an immediate reac-
tion.® 7 Pretreatment with inhaled glucocorticosteroids
inhibited the development of the late asthmatic reac-
tion and concomitantly normalized the ECP levels but
not the eosinophil numbers. This study thus suggested
that the reduction of the activity of the eosinophil with
respect to the secretion of its granule proteins is one
prerequisite for the prevention of the late asthmatic
reaction -after allergen challenge. We therefore hy-

pothesized that the raised ECP levels might partly be
explained by an increased propensity of the eosinophil
to degranulate. The aim of the present study was to
test this hypothesis. Thus, we have investigated the
release of ECP and EPX in vitro from -cosinophils
obtained from patients with asthma and nonallergic
individuals. For a comparison, the release of MPO
from neutrophils was also measured. ‘

MATERIAL AND METHODS
Patients

Thirty patients with asthma (according to the definition
of the American Thoracic Society of 1962), 19 women and
11 men, with a mean age of 50 years (range, 22 to 79
years), were selected for the study. Six were smokers, nine
were former smokers, 10 had never smoked, and the smok-
ing history of five patients is not known. Two-of the patients
were considered atopic as a result of positive prick skin tests
to more than one common allergen. The PEF rates at the
time of examination had a mean value of 76%-(34% to
123%) of expected. To evaluate further the severity of the
disease, the amount of treatment needed to control . their
symptoms was registered. The patients were divided- into
four groups: (1) using only inhaled B,-agonists, four pa-
tients, (2) using inhaled steroids or oral §,-agonists in ad-
dition to inhaled B.-agonists, six patients, (3)-using a com-
bination of inhaled B,-agonists, inhaled steroids, and oral
B.-agonists_or theophylline, 17 patients, and (4) using oral
corticosteroids, three patients. ‘All patients had. a well-
controlled disease at the time of the stidy. The patients bad
had asthma for 2 to 50 years (median, 12 years). In the
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FIG. 1. Release of ECP from eosinophils of patients with
asthma (N = 30) and from the reference group (N = 18)
after 20 minutes of incubation with washed serum-
opsonized particles. The respective means and the sig-
nificant difference between the two groups, determined
by Mann-Whitney U test, are indicated.

group with asthma, the mean blood eosinophil count was
484 x 10°/L (range, 30 to 1993 x 10°/L).

References

The reference group consisted of 18 healthy nonallergic
blood donors. Donors had no allergic symptoms and had
serum concentrations of total IgE within the reference in-
terval.

PEF

PEF rates were measured with a Wright peak flow meter.
The highest value of three attempts was recorded.

Measurement of eosinophil and
neutrophil degranulation

The release assay was performed according to the method
of Wingvist et al.® with some minor modifications. Gran-
ulocytes were isolated from heparinized blood by dextran
sedimentation.” The granulocyte mixture obtained by this
procedure had a purity of 83% * 6% (SD) (references) and
82% =+ 8% (SD) (patients with asthma). The relative
amount of eosinophils was, on average, 4% (range, 0% to
7%) and 9% (range, 1% to 28%), respectively, in the gran-
ulocyte populations obtained from references and patients
with asthma. A volume of 300 ul of washed serum-treated
Sephadex G-15 (Pharmacia LKB Biotechnology, Uppsala,
Sweden) particles (167 gm/L) was mixed with 150 pl of
granulocytes, 3 X 10°/L, in plastic tubes, and incubated
for 0, 5, and 20 minutes at 37° C. Hanks’ buffer salt solution
supplemented with Ca’>*, 0.74 mmol/L, and human serum
albumin, 0.1%, were used as assay buffer. Degranulation
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FIG. 2. Release of EPX from eosinophils of patients with
asthma (N = 30) and from the reference group (N = 17)
after 20 minutes of incubation with washed serum-
opsonized particles. The respective means and the sig-
nificant difference between the two groups, determined
by Mann-Whitney U test, are indicated.

was stopped by adding 150 pl of ice-cold 10 mmol/L of
ethylenediaminetetraacetic acid in 0. 15 mol/L of NaCl, fol-
lowed by centrifugation at 600 g for 10 minutes at 4° C. A
volume of 400 pl of supernatant was removed and mixed
with 200 wl of 0.5% N-cetyl-N,N,N-trimethylammonium
bromide in 0.15 mol/L of NaCl. In control experiments,
granulocytes were incubated with buffer. All incubations
were made in duplicate. For the measurement of the total
cellular content of granule proteins, 200 wl of granulocytes,
3 X 10°/L, were mixed with 1 ml of 0.5% N-cetyl-N,N,N-
trimethylammonium bromide.

RIA of ECP

The serum concentration and the released amount of ECP
were assayed by means of a specific RIA."

RIA of EPX

The serum concentration and the released amount of EPX
were assayed by means of a specific RIA. EPX was purified
according to the method of Peterson and Venge'' and Pe-
terson et al.,"” and the concentration of purified EPX was
determined with the extinction coefficient, E 1%, 1 cm =
15.5 at 280 nm."* Antibodies against EPX were raised in
rabbit with purified EPX. EPX was labeled with I by
means of the chloramin-T method." RIA of EPX was per-
formed by means of a double-antibody assay. Antibodies to
EPX (50 pl), '#I-labeled EPX (50 pl), and the material to
be assayed (50 wl) were incubated for 3 hours at room
temperature. Thereafter, 2 ml of Sepharose-antirabbit IgG
(Pharmacia Diagnostics, Uppsala, Sweden) was added, and
incubation continued for 2 hour at room temperature. Un-
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FIG. 3. Release of MPO from neutrophils of patients with
asthma (N = 30} and from the reference group (N = 18)
after 20 m. Jtes of incubation with washed serum-
opsonized pasticles. The respective means and the sig-
nificant ditference between the two groups, determined
by Mann-Whitney U test, are indicated.

labeled and labeled EPX in complex was separated from
unbound EPX by means of centrifugation at 1500 g for 10
minutes, followed by decantation of the supernatant. The
sensitivity of the assay was approximately 0.7 pg/L. The
coefficient of variation of the assay was 7.9% (range, 5.5%
to 10%) within the assay and totally, 9.6% (range, 6.6% to
13%). Cross-reactivity of the assay with ECP from eosin-
ophils and lysozyme from neutrophils was <0.1%.

RIA of MPO

The released amount of MPO was assayed by means of
a specific RIA." There was no cross-reactivity of the assay
with EPO."

Calculation of released amount of ECP, EPX,
and MPO

The amount of released ECP, EPX, and MPO was ex-
pressed as percent of the total cellular content that was
calculated from a standard curve of serial dilutions of the
respe ‘ve cell extract. The amount of protein in control
incubations was subtracted from the amounts obtained in
incubations with particles. Results were calculated with
regression analysis (ECP and MPO) or cubic spline program
(EPX).

Blood eosinophil count

The number of eosinophil granulocytes in blood was
counted according to the method of Forsham et al."
Statistical evaluation

Wilcoxon’s signed-rank test, Mann-Whitney U test, and
Student’s ¢ test were used. All statistical calculations were
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performed on a personal computer by means of the statistical
package, Statgraphics (STSC, Inc., Rockville, Md.).

RESULTS
Eosinophil and neutrophil degranulation

Eosinophil degranulation was measured by means
of the release of ECP and EPX. Eosinophils from
the patients with asthma, after 20 minutes of incu-
bation, released significantly higher (p < 0.001 and
p < 0.001, respectively) amounts of both ECP and
EPX than eosinophils from the reference group (Figs.
1 and 2),

Neutrophil degranulation was measured by means
of MPO release. Neutrophils from the patients with
asthma, after 20 minutes of incubation, released sig-
nificantly higher amounts (p < 0.03) of MPO than
neutrophils from the reference group (Fig. 3).

As presented in Table I, a significantly increased
release of ECP (p < 0.004), EPX (p < 0.001), and
MPO (p < 0.02) was demonstrated already after 5
minutes of incubation of cells from the patients with
asthma compared with that from the reference group.

The intracellular content of ECP and EPX

The amount of ECP and EPX per eosinophil was
estimated. There was no difference between the
amount of ECP in eosinophils from the patients with
asthma (34 wg/10° eosinophils) compared with that
of eosinophils from the reference group (33 pg/10°
eosinophils). The intracellular concentrations of EPX
was 17 pg/10° eosinophils from both the group of
patients with asthma and the reference group.

Kinetics of eosinophil degranulation

Degranulation of ECP and EPX was studied. After
5 minutes of incubation with the washed serum-
opsonized Sephadex G-15 particles, the relative re-
lease of EPX was significantly higher than that of ECP
in both the group with asthma and in the reference
group (p < 0.001 and p < 0.001, respectively) (Fig.
4, A and B). After 20 minutes of incubation, the mean
level of EPX degranulation was even more pronounced
and significantly higher than that of ECP in the
group with asthma as well as in the reference group
(p < 0.001 and p < 0.001, respectively) (Fig. 4, A
and B). The level of the ECP and EPX in medium at
time zero was negligible, both in the group with
asthma and the reference group, which indicate that
the cells were viable and not unspecifically activated
before the experiments.

Serum concentration of ECP and EPX

In the group with asthma, the mean serum concen-
tration of ECP was 45.4 pg/L (range, 3.1 to 155
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FIG. 4. A, Kinetics of ECP (N = 18) (e-e-e) and EPX (N = 17) (0 - © - 0) release from eosinophils
of the reference group are listed together with the mean + SEM for each incubation time. The
relative release of EPX was significantly higher than the ECP release after 5 as well as 20 minutes
of incubation (p < 0.001 and p < 0.001, respectively) (Wilcoxon’'s signed-rank test). B, Kinetics
of ECP (N = 30) (#-e-e) and EPX (N = 30} (0 - 0 - 0) release from eosinophils of the patients with
asthma are listed together with the mean = SEM for each incubation time. The relative release
of EPX was significantly higher than the ECP release after & as weil as 20 minutes of incubation
(p < 0.001 and p < 0.001, respectively) (Wilcoxon's signed-rank test).

ng/L) and of EPX, 41.7 pg/L (range, 14.4 to
121 pg/L). Both values were significantly higher
(p <0.001 and p < 0.001, respectively) than the
mean concentrations of ECP and EPX in the reference
group (Table I). There were no correlations between
serum levels and degranulation of ECP and EPX, re-
spectively, in vitro.

Relationships between the clinical
conditions of the patients and the
degranulation of eosinophils

and neutrophils

The released amount of ECP, EPX, and MPO and
the serum concentrations of ECP and EPX were eval-
uated in relation to the patients’ lung function, mea-

sured as PEF, the duration of their disease, and the
amount of medical treatment needed to control their
disease. No discernible relationships were, however,
found.

DISCUSSION

The present study has demonstrated that eosinophils
and, to some extent, neutrophils obtained from the
peripheral blood of patients with asthma have an in-
creased propensity to release their granule proteins to
the extracellular environment. Thus, our hypothesis
presented in this study has gained some support. The
stimulus used to induce degranulation was the washed
serum-opsonized Sephadex G-15 particle, which is a
noningestible stimulus and which probably mediates
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TABLE ll. Serum concentration of ECP and EPX in the patients with asthma and in a
reference group
Patients with p—
Variables Reference group asthma Value
S-ECP 11.6 pg/L 45.4 pg/L <0.001
(N =27) (N = 28)
(range, 0.3-43.3) (range, 3.1-155)
S-EPX 18.4 ug/L 41.7 pg/L <0.001
(N = 28) (N = 28)

(range, 10.1-33.8)

(range, 14.4-121)

The statistic differences between the reference group consisting of apparently heaithy blood donors and laboratory employees and-the

patients with asthma were calculated by means of Student’s r-test.

its action via the Csb-receptor.® This stimulus was
chosen since it is more physiologic than most other
candidate stimuli, such as phorbol esters or calcium
ionophores.

The reason for the enhanced degranulation is not
well understood. It cannot, however, be explained by
differences in content of the granule proteins. It might
involve the enhancement of the C;b-receptors or the
general activation of the cells to respond more readily
to any stimulus. Thus, C;b-receptor enhancement of
neutrophils and on blood monocytes has been dem-
onstrated in subjects with asthma after allergen chal-
lenge.'® In other studies, we demonstrated that the
responsiveness of the eosinophils to chemotactic and
chemokinetic stimuli was enhanced in subjects with
asthma, which indicates that the enhanced respon-
siveness is not restricted to a single function of the
eosinophil but a more general phenomenon."

The mechanism behind the enhancement of eosin-
ophil activities in asthma is not known, but tentatively,
it involves the activation of the mature eosinophil by
cytokines, such as interleukin-5 or other eosinophil-
activating factors described to be produced by the
monocyte and the T-lymphocyte.” *' In the present
study, however, there were no obvious relationships
to number of eosinophils or to the serum levels of
either ECP or EPX, although these variables were all
very much raised. This finding was in contrast to the
enhanced migratory responsiveness of the eosinophils
that was higher in patients with eosinophilia and even
in some variables linearly correlated to the serum ECP
levels.” These differences may therefore indicate the
possibility that the enhancement of degranulation is
governed by mechanisms different from mechanisms
that cause the enhanced migratory response. Further-
more, the enhanced migratory responsiveness was
more clearly restricted to the enhancement of the eo-
sinophil response only, whereas the results in this
study suggest that the neutrophils also were activated,
which would support this notion.

In this study, we measured the release of two
eosinophil-specific proteins, ECP and EPX. The ki-
netics of the release demonstrated a much higher rel-
ative release of EPX in both the group with asthma
and the reference group: This finding might indicate
that the eosinophils selectively release their granule
proteins, depending on type of stimulus to which the
cells are exposed. Selective release has been dem-
onstrated previously in vitro with eosinophils-expesed
to IgE or IgG-mediated stimuli.”* Thus, IgE-mediated
stimuli preferentially caused the release of EPO,
whereas ECP was preferentially released with IgG
stimuli. The preferential release of EPX from eosin-
ophils has been demonstrated after exposure of ‘the
cells to the triglyceride IpOCOC,,” which is an ac-
tivator of protein kinase C in the plasma membrane >
The mechanism behind the possible selective release
of granule proteins from eosinophils may involve
differences in the compartmentalization of the pro-
teins, since both peroxidase-positive and peroxidasc-
negative granules have been identified and which both
contain ECP and EPX % *

There was no simple relationship between the in-
creased degranulation of eosinophils and neutrophils
and the clinical activity of the asthma disease of the
patients. The reason might be explained by the. fact
that all patients had a well-controlled disease with
respect to their pulmonary functions. The asthma med-
ication may also have modified and reduced the release
of the granule proteins from both the eosinophils and
the neutrophils, since both B,-agonists and glucocor-
ticosteroids are known to reduce the release of the
granule proteins.® * Therefore, the results presented
in this study may not correctly reflect the real activity
of the cells in a patient with asthma. Rather, the ac-
tivity may have been underestimated. However, the
mere fact that we were able to demonstrate an en-
hanced propensity of granulocytes from patients with
asthma to degranulate their proteins in spite of these
medications is indeed intriguing and may explain
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some of our data on serum-ECP measurements in
asthma,% ™ 7% as well as data reported from other
investigators.*

We conclude that eosinophils, and to a somewhat
lesser extent, neutrophils, obtained from a group of
patients with well-controlled asthma have an increased
propensity to release their granule proteins. This phe-
nomenon may reflect the fact that these cells have
been primed by unknown factors, tentatively, some
cytokine, as part of the asthmatic inflammatory pro-
cess. The increased propensity to release cytotoxic
proteins, such as ECP and EPX, may be an important
pathophysiologic mechanism in asthma that may en-
hance the cytotoxic potential of the eosinophil.

We appreciate the skillful technical assistance of Kerstin
Lindblad and Lena Moberg.
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