Elevated secretion of myeloperoxidase
by neutrophils from asthmatic patients:
The effect of immunotherapy
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Background: There is increasing evidence of neutrophil partic-
ipation in asthma and the allergic process. After activation,
neutrophils release myeloperoxidase (MPO) together with
other granule enzymes.

Objectives: In this study we attempted to evaluate the release
of MPO in vitro by neutrophils from asthmatic patients and
the relationship between neutrophil degranulation and lung
function, measured as FEV, of the patients. We also investi-
gated the possible role of immunotherapy in the release of
MPO by neutrophils.

Methods: Neutrophils were stimulated with formyl-methionyl-
leucyl-phenylalanine for 45 minutes at 37°C. MPO released
from neutrophils was assayed by using an MPO enzyme
immunoassay.

Results: Neutrophils released statistically significantly higher
MPO levels in the asthmatic patients not receiving
immunotherapy than in the healthy group. A significant
inverse correlation was observed in the asthmatic group not
receiving immunotherapy between MPO secretion and lung
function, measured as FEV, of the patients. Neutrophils of the
asthmatic group receiving immunotherapy released signifi-
cantly less MPO than did those of the asthmatic group not
receiving immunotherapy, with MPO levels equal to those
from nonallergic subjects.

Conclusions: We conclude that neutrophils obtained from
allergic asthmatic patients have an increased propensity to
release MPO. The experiments described here provide evi-
dence that there is a significant inverse relationship between
levels of MPO released by neutrophils from allergic patients
and lung function, as assessed by FEV,. Our study suggests
that immunotherapy actively modifies the release of MPO in
vitro by neutrophils from allergic asthmatic patients. (J Aller-
gy Clin Immunol 2001;107:623-6.)
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Abbreviations used
fMLP: N-formyl-methionyl-leucyl-phenylalanine
IT: Immunotherapy
MPO: Myeloperoxidase

Bronchial asthma is characterized by reversible
bronchial obstruction with airway inflammation.! These
inflammatory processes are induced by complex reac-
tions between inflammatory cells, such as neutrophils,
and the release of granule proteins.2-3 After activation,
neutrophils release myeloperoxidase (MPO) together
with other granule enzymes. MPO may then react with
H,0, generated during the respiratory burst together
with a halide (usually CI-) to generate HOCI and other
related compounds with wide biologic activity. For
example, mast cells may be stimulated to release hista-
mine and cause injury to various cells and tissues both in
vivo and in vitro.47 On the other hand, in children with
bronchial asthma, the release of histamine was signifi-
cantly correlated with superoxide anion generation, sug-
gesting that a basic intracellular abnormality is related to
increased bronchial inflammation.8 Furthermore, in
another study® superoxide production was measured in
the resting state and after stimulation with phorbol
myristate acetate, formyl-methionyl-leucyl-phenylala-
nine (fMLP), or calcium ionophore A23187. Inhibition
of this response by histamine was also measured. Neu-
trophils from atopic subjects produced more superoxide
in the basal state or in response to calcium ionophore
A23187 or submaximal concentrations of fMLP than did
cells from control subjects. Histamine inhibition of
fMLP-stimulated superoxide production was less in
atopic subjects than in control subjects. These findings
suggest that neutrophils from atopic subjects may be
hyperreactive in that they produce more superoxide in
response to stimuli and are less readily inhibited than
cells from control subjects. Such properties may reflect a
general attribute of cellular function in atopy and may
contribute directly to tissue damage in allergic diseases.
In this study we attempted to evaluate the release of MPO
in vitro by neutrophils from asthmatic patients and the
relationship between neutrophil degranulation and lung
function, measured as FEV,, of the patients. We also
investigated the possible role of immunotherapy in the
release of MPO by neutrophils.
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FIG 1. MPO dose-response curve. Neutrophil degranulation was
measured by means of MPO release after stimulation with 4
doses of fMLP (1, 10, and 100 nmol/L and 1 umol/L). After 45 min-
utes of incubation, neutrophils from asthmatic patients not
receiving immunotherapy (non-IT asthmatic group) released sig-
nificantly higher (P<.001) amounts of MPO at all 4 doses of fMLP,
expressed both as nanograms per 106 cells (A) and as release of
MPO in percentage of total cell content (B), than did neutrophils
from the asthmatic group receiving immunotherapy (/T-asthmatic
group) and neutrophils from healthy donors. Neutrophils from
asthmatic patients receiving immunotherapy released MPO levels
equal to those from nonallergic subjects. All populations had
roughly the same total amount of MPO in unstimulated cells. *P
<.001.

METHODS
Materials

All biochemicals were obtained from Sigma (Madrid, Spain),
Serva (Barcelona, Spain), or Merck (Barcelona, Spain).

Patients and control subjects

The groups studied included adult atopic patients with bronchial
asthma and healthy, adult, nonatopic, volunteer control subjects. One
group of asthmatic patients (n = 14) had positive skin prick test (Bial-
Aristegui, Bilbao, Spain) responses and specific IgE (HYTEC 288,;
Hycor Biomedical, Inc, Irvine, Calif) to at least one common allergen
(house dust mites and pollens). The subjects received no specific
hyposensitization (ie, asthmatic group not receiving immunotherapy).
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Another group of asthmatic patients (n = 14) had received
immunotherapy with Dermatophagoides pteronyssinus extract (Bial-
Aristegui) for the preceding 3 years and continued to receive a main-
tenance dose within the highest potency of the extract (ie, asthmatic
group receiving immunotherapy). The patients were not allowed to
take any bronchodilators within the 8 hours before challenge of neu-
trophils in vitro. Oral bronchodilators were withheld for 24 hours, and
none of the subjects had taken corticosteroids, cromolyn sodium, or
nedocromil sodium in the previous week. The healthy control sub-
jects (n = 14) had no history of allergy or bronchial symptoms and
had negative skin prick test (Bial-Aristegui) responses and specific
IgE (HYTEC 288) to a battery of inhalant allergens (house dust mites,
pollens, molds, and animal danders). The Hospital Ethics Committee
approved the study, and each subject gave informed consent.

Lung function

FEV, was measured with a dry spirometer (Vitalograph, Buck-
ingham, UK). The best value of 3 maneuvers was expressed as a
percentage of the predicted value.

Preparation of polymorphonuclear leukocytes

Human neutrophils were purified!0 from fresh-drawn heparinized
(10 U/mL) venous blood in 2 steps. First, the blood (20 mL) was
mixed with 1.5 mL of 10% Dextran T 500 (final concentration of
0.7%) dissolved in PBS. The supernatant fraction was centrifuged
through a Ficoll-Hypaque. The neutrophil-rich pellet was then
removed with a plastic pipette, and red cells were eliminated with
one hypotonic lysis in water. Neutrophils were resuspended to about
107 cells/mL in PBS and 10 mmol/L glucose and kept at room tem-
perature. These cells were greater than 96% neutrophils, as evaluat-
ed by morphologic analysis. Eosinophil contamination was 2%. Try-
pan blue exclusion showed greater than 96% viability in neutrophils.

Neutrophil stimulation with fMLP
Cells resuspended at 1 x 106 in PBS buffer supplemented with 10

mmol/L glucose and 500 pmol/L CaCl, were stimulated with fMLP
(1, 10, and 100 nmol/L and 1 pmol/L)!112 for 45 minutes at 37°C.

MPO assay

MPO released from neutrophils was assayed with an MPO-EIA
(Oxis International, Inc, Portland, Ore). After stimulation with
fMLP, the cell suspension was immediately placed on ice to avoid
further release and centrifuged at 2000 rpm for 5 minutes.

Statistical analysis

Data are expressed as means + SEM. Comparisons between
groups were made with one-way ANOVA. A P value of less than .05
was considered significant. Regression analysis was performed by
using Pearson rank correlation coefficients. A P value of less than
.05 was considered significant.

RESULTS
MPO dose-response curve

Neutrophil degranulation was measured by means of
MPO release after stimulation with 4 doses of fMLP (1,
10, and 100 nmol/L and 1 pwmol/L).!1:12 After 45 minutes
of incubation, neutrophils from asthmatic patients not
receiving immunotherapy released significantly higher
(P < .001) amounts of MPO at all 4 doses of fMLP,
expressed both as nanograms per 106 cells (Fig 1, A) and
as release of MPO in percentage of total cell content (Fig
1, B), than did neutrophils from the asthmatic group
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receiving immunotherapy and neutrophils from healthy
volunteers. Neutrophils from asthmatic patients receiving
immunotherapy released MPO levels equal to those from
nonallergic subjects. All populations had roughly the same
total amount of MPO in unstimulated cells (P = .950).

Relationship between patients’ lung function
and degranulation of neutrophils

The amount of MPO released by neutrophils after
incubation with 1 wmol/L fMLP was evaluated in rela-
tion to the patients’ lung function, measured as FEV,. A
significant inverse correlation was observed in the asth-
matic group not receiving immunotherapy between the
secretion of MPO and lung function of the patients (r =
—-0.608, P = .021; Fig 2).

DISCUSSION

Other investigations have demonstrated the relation-
ship of MPO with allergic processes. Thus in induced
sputum MPO was elevated in patients with asthma com-
pared with control subjects, indicating degranulation of
the primary neutrophil granules in asthma.!3 Allergen
challenge of allergic patients produced a significant late-
phase increase in the levels of MPO in nasal lavage fluid.
In contrast, allergen challenge of nonallergic control sub-
jects produced no such response.!4 Previously, it has
been demonstrated, in concordance with our results, that
neutrophils stimulated in vitro with serum-opsonized
Sephadex particles from patients with asthma released
significantly more MPO than did cells from control sub-
jects.15 Nevertheless, in the article of Carlson et al,!5
there was no relationship between the increased neu-
trophil degranulation and lung function, measured as
peak expiratory flow, of the patients. The reason might be
that all patients had been using medication, including 3,-
agonists, glucocorticosteroids, and theophylline, at the
time of neutrophil challenge. The experiments described
here provide evidence that there is a significant inverse
relationship between MPO levels released by neutrophils
from allergic patients and lung function, as assessed by
FEV,. We conclude that neutrophils obtained from aller-
gic asthmatic patients have an increased propensity to
release MPO. Dose responses for fMLP in all groups
show (Fig 1) that the same concentration of fMLP caus-
es a maximal response. Our results suggest persistent
neutrophil activation in asthma.!® Accumulation of acti-
vated neutrophils in the lungs might maintain an inflam-
matory process, which eventually results in a decrease in
FEV,. We also demonstrated that treatment of individu-
als with allergic asthma with allergen immunotherapy
was associated with a significant reduction in MPO
released in vitro. Immunotherapy reduces MPO released
from neutrophils to levels equal to those from nonaller-
gic subjects. Other investigators have shown the effect of
immunotherapy on the functions of neutrophils from
asthmatic patients. During the high-load pollen season,
they found a significantly higher neutrophil chemotactic
activity in bronchoalveolar lavage fluid in untreated
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FIG 2. Relationship between the patients’ lung function and the
degranulation of neutrophils. The amount of MPO released by
neutrophils after incubation with 1 umol/L fMLP was evaluated in
relation to the patients’ lung function, measured as FEV,. Signifi-
cant inverse correlation was observed in the asthmatic group not
receiving immunotherapy between the secretion of MPO and
lung function of the patients (r=-0.608, P=.021).

patients than in immunotherapy-treated patients.!7 Our
study suggests that immunotherapy actively modifies the
release of MPO in vitro from neutrophils from allergic
asthmatic patients; however, a prospective placebo-con-
trolled study examining MPO production in neutrophils
during and after immunotherapy is necessary to confirm
our results.

In conclusion, neutrophils obtained from allergic asth-
matic patients have an increased propensity to release
MPO. Our results suggest persistent neutrophil activation
in asthma and may indicate that these cells could have
been primed by allergens, as we have demonstrated previ-
ously. There is a significant inverse relationship between
levels of MPO released by neutrophils from allergic
patients and lung function as assessed by FEV,. Finally,
immunotherapy actively modifies the release of MPO in
vitro by neutrophils from allergic asthmatic patients.

This work is the result of an equal contribution of the first 2
authors.
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