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Abstract

Objective: Wheezing is a common and challenging health
issue in infancy and early childhood. Asthma diagnosis is fre-
quent in patients with a history of recurrent wheezing. A re-
lationship has been reported between asthma and anti-in-
flammatory mediators such as lipoxin A4 and annexin AT.
However, this remains uncertain in wheezy infants. The aim
of the present study was to determine lipoxin A4 and an-
nexin A1 levels in wheezy infants. Materials and Methods:
Eighty-seven patients aged 6-36 months were included in
this study. Demographic characteristics, clinical features,
laboratory data, clinical diagnoses, and treatments, if pres-
ent, were recorded. Patients were divided into 2 groups: pa-
tients with wheezing (n = 59) and healthy controls (n = 28).
Blood samples were taken and lipoxin A4 and annexin A1l
levels were evaluated by ELISA. Results: Lipoxin A4 and an-
nexin A1 levels were significantly lower in the wheezing
group than in the control group (p < 0.05). A significant cor-
relation was found between the serum total immunoglobu-
lin E (IgE) level and the percentage and absolute number of
eosinophils (p < 0.05). No significant correlation was found
in terms of lipoxin A4 and annexin A1 levels, the serum total
IgE level, and the percentage and absolute number of eo-
sinophils among groups (p > 0.05). Conclusion: This is the
first study to assess lipoxin A4 and annexin A1 levels in

wheezy infants. The levels of lipoxin A4 and annexin A1 were
found to be low in wheezy infants. We hope that these re-
sults will lead to novel therapeutic options for asthma in cas-
es where an optimal treatment modality is lacking.

© 2014 S. Karger AG, Basel

Introduction

Wheezing, a widespread symptom in preschool chil-
dren, is a persistent high-pitched sound, with a musical
quality, spreading from the chest throughout expiration
[1]. The term ‘wheezing infant’ is used for those who have
3 or more wheezing attacks but do not have any underly-
ing disease upon examination [2]. In children, the onset
of wheezing may occur at various ages and may disappear
over time in some cases. However, it may have a persis-
tent course and may progress to asthma. Asthma is one
of the most important chronic inflammatory diseases,
characterized by variable airflow obstruction and airway
hyperresponsiveness in childhood. A large number of
mediators that affect the airways play a role in the patho-
genesis of asthma [3]. Lipoxins are the first agents deter-
mined to be anti-inflammatory endogenous lipid media-
tors involved in the resolution of inflammation [4].

Lipoxin and their analogs could support the resolution
of inflammation through various mechanisms, including
inhibition of the biosynthesis of proinflammatory lipid
mediators, cytokine and chemokine production, leuko-
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cyte recruitment and activation, stimulation of the the
clearance of apoptotic leukocytes, and blocking of edema
formation [4, 5]. Lipoxin A4 (LXA4) blocks both airway
hyperresponsiveness and pulmonary inflammation in
anti-inflammatory receptors named ALX that are ex-
pressed on both leukocytes [6] and airway epithelial cells
[7]. This results in decreased leukocytes and mediators,
including interleukin-5, interleukin-13, eotaxin, pros-
tanoids, and cysteinyl leukotrienes [8]. It has been report-
ed that a decrease in LXA4 occurs in severe asthma and
downregulation of the expression of genes involved in
LXA4 formation has been observed in lung biopsies from
severe asthmatics [9, 10].

Annexins are a group of intracellular proteins with
several cellular roles, which can bind calcium and phos-
pholipids and have no hydrophobic signal sequences
[11]. Annexin A1 (ANXA1) and its derivatives exert anti-
inflammatory effects by inhibiting eicosanoid synthesis,
preventing leukocyte migration, and stimulating the
apoptosis of inflammatory cells as seen in glucocorticoids
[12, 13]. Reduced or defective annexin production has
been reported in smokers and patients with inflamma-
tory conditions such as rheumatoid arthritis, cystic fibro-
sis, or asthma [14-16]. In experimental asthma models, it
has been shown that exogenous ANXAT1 has an anti-in-
flammatory effect [16]. However, the status of these two
mediators is unknown in babies with wheezing. The aim
of the present study was to determine the levels of LXA4
and ANXA1 in infants with wheezing.

Materials and Methods

This prospective study was conducted at the Department of
Pediatric Allergy of Erciyes University (Kayseri, Turkey) from No-
vember 2011 to March 2012. A total of 87 children between the
ages of 6 and 36 months were recruited. The study procedures were
done in conformity with a protocol already approved by the Insti-
tutional Review Board of Erciyes University. Written informed
consent was obtained from the parents of the children. Children
who had had 3 or more wheezing attacks but did not have underly-
ing diseases in their evaluations (n = 59) and healthy controls (n =
28) with a normal systemic examination and no known disease
were included in this study. The exclusion criteria were: immuno-
deficiency, heart and lung diseases, treatment with corticosteroids
during the preceding 1 month, and premature birth. The demo-
graphic, clinical, and laboratory data of the patients were recorded.
Total immunoglobulin E (IgE) levels were measured via nephelo-
metric methods and an eosinophil count was performed using a
Siemens Acvia 2120 analyzer. Skin testing was done with 15 aero-
allergens and 8 food allergens with positive and negative controls.
Reactions with a wheal diameter >3 mm were considered positive.
All of the children’s blood samples were drawn into ethylenedi-
aminetetraacetic acid (EDTA) tubes, and then plasma was re-
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Table 1. Patients’ characteristics

Wheezy infants Controls p
(n=59) (n=28)
Mean age (+SD), months 22+8.6 20.1+10 >0.05*
Sex, n (%)
Female 21 (35.5) 17 (60.7)
Male 38 (64.4) 11(39.3)  >0.05°

Eosinophil count, % 2(0.3-12.10) 1.9 (0.2-3.9) >0.05*
Eosinophil count, n/mm? 190 (20-1,460) 170 (10-380) >0.05°
IgE, kU/1 25 (5-1,980) 17 (5-127) >0.05*

Values are presented as medians (range) unless otherwise spec-
ified. * Mann-Whitney U test. ® x? test.

moved from the blood and plasma samples were stored at -80°C
until analyzed.

LXA4 and ANXA1 Measurements

LXA4 levels were measured using enzyme-linked immunosor-
bent assay (ELISA) kits (Biomedical Research, Oxford, Mich.,
USA) following the manufacturer’s instructions. Samples were
measured in duplicate. Levels <10 pg/ml were not measured.

ANXAL1 levels were also measured using ELISA kits acquired
from USCNK (Life Science Inc., PR China) according to the man-
ufacturer’s instructions. Measurements varied between 0.312 and
20 ng/ml. The minimum measurable amount was 0.143 ng/ml.

Statistical Analysis

Statistical analysis was performed using SPSS 15 for Windows
(Chicago, I, USA). LXA4 and ANXA1 levels in plasma were com-
pared using the Mann-Whitney U test. Correlation analysis was
performed with Spearman’s tests. p < 0.05 was considered statisti-
cally significant.

Results

Patients’ Characteristics

Of the 87 children included, 59 had wheezing while 28
were healthy controls. The age range was 6-36 months.
Table 1 presents the patients’ characteristics. No signifi-
cant differences were detected between children with
wheezing and healthy controls in terms of absolute eo-
sinophil counts and the percent of eosinophils (p > 0.05;
Mann-Whitney U test) (table 1).

No significant differences were detected between chil-
dren with wheezing and controls in terms of total IgE
(p > 0.05; Mann-Whitney U test) (table 1).

LXA4 Levels
When LXA4 levels were compared between children
with wheezing and controls, they were found to be mark-
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Fig. 1. LXA4 levels in infants with wheezing and healthy controls.

edly lower in the wheezing group (66 + 35 pg/ml) than in
the control group (120 + 11 pg/ml) (p < 0.05; Mann-
Whitney U test) (fig. 1).

ANXATI Levels

When ANXA1 levels were compared between children
with wheezing and controls, they were found to be mark-
edly lower in the wheezing group (14.45 + 3.26 ng/ml)
than in the control group (16.40 + 1.94 ng/ml) (p < 0.05;
Mann-Whitney U test) (fig. 2).

Correlation Analysis

When a correlation analysis was performed for the
wheezing group and the control group, a correlation was
detected between total IgE levels and eosinophil counts in
the wheezing group (r =-0.223; p = 0.02; Spearman’s test)
(fig. 3).

No correlation was detected between groups when
LXA4, ANXALI, total IgE levels, and the absolute count
and percent of eosinophils were analyzed (p > 0.05; Spear-
man’s test).

Discussion

LXA4 and ANXA1 are mediators which have anti-in-
flammatory effects [12, 17]. In human studies, it has been
shown that the level of LXA4 is low in severe asthma [9,
10, 18]. In addition, experimental studies have shown that
ANXAL1 is associated with asthma development [16].
However, levels of LXA4 and ANXA1 have not been eval-
uated in children with recurrent wheezing.

LXA4, ANXA1, and Wheezy Infants

Fig. 2. ANXAL1 levels in infants with wheezing and healthy con-
trols.
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Fig. 3. Correlation between total IgE levels and eosinophil counts
(%) in wheezing and control groups.

In previous studies, increased serum IgE levels and eo-
sinophilia have been found to be associated with asthma,
persistent wheezing, and early sensitization [19]. In a
study by Karakoc et al. [20], eosinophilia was linked to
persistent asthma independently of atopia during child-
hood. This finding suggests that there is a strong correla-
tion between parental asthma and eosinophilia; thus, ge-
netics can be an important determinant of the eosino-
philic response [20]. In our study, higher serum IgE levels
and eosinophil counts were detected in the wheezing
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group compared to controls, although this finding was
not statistically significant. It was thought that increased
IgE levels and eosinophilia related to asthma and persis-
tent wheezing may be associated with decreased LXA4
and ANXA1 levels, but no association was detected.

Lipoxins are anti-inflammatory eicosanoids, derived
from 15-LO, which are endogenously produced in the hu-
man body [21]. A study by Christie et al. [22] showed that
nebulized LXA4 protects against LTC4-mediated bron-
choconstriction. It has also been reported that there is a
significant relationship between lipoxin biosynthesis and
asthma severity, and that the basal LXA4 level is lower in
severe asthma compared to moderate asthma [9, 10, 18].
This suggests that endogenous production is insufficient
in these patients. LXA4 levels have been found to be low-
er in the BAL fluid of patients with severe asthma or as-
pirin intolerance compared to those without severe asth-
ma [9, 10]. Moreover, FPR2/ALX gene and protein ex-
pressions have been found to be significantly decreased
in the granulocytes of patients with severe asthma [9, 10].
In a study on children with asthma by Wu etal. [23] it was
shown that 15-LO expression in leukocytes and blood
LXA4 levels gradually decrease when moving from mild
to severe on the asthma spectrum.

In a study by Ni et al. [24], 69 patients were assigned to
one of the following 3 groups: acute bronchiolitis, bron-
chial asthma, or acute gastroenteritis. LXA4 levels were
measured in all patients and the lowest levels were detect-
ed in patients with asthma, but no significant difference
was found among the groups. In the same study, it was
reported that LXA4 levels changed depending on age and
LXA4 levels were not lower in adult patients with asthma
or in the older group with asthma [24]. That study includ-
ed children younger than 24 months of age with acute
bronchiolitis while our study included children younger
than 36 months of age with recurrent bronchiolitis. In ad-
dition, it was reported that LXA4 levels increased with age
in that study. The difference with our results may be at-
tributed to the older age of the subjects and recurrent
bronchiolitis. LXA4 levels are unknown in infants with
wheezing. In our study, LXA4 levels were found to be low-
er in infants with wheezing compared to controls. The
finding that LXA4, an anti-inflammatory mediator, was
decreased in infants with wheezing, which is an inflamma-
tory condition, is considered to be in agreement with pre-
vious studies in asthmatic patients [8, 9, 10, 25].

In recent years it has been shown that ANXA1 and its
derivative peptide Ac2-26 activate LXA4 receptors [26].
ANXA1 and LXA4 receptors are expressed in rats, and
some allergic conditions such as eosinophil accumula-
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tion, edema, eotaxin formation, and allergic pleurisy are
inhibited by LXA4 analogs [27]. Recent studies have in-
dicated that lipoxins are strong candidates for antiallergic
treatments and, in turn, studies have been conducted
evaluating the effects of ANXAI in this context [28].
ANXAL is abundantly released into airway secretions
[12]. In smokers [14] and those with an inflammatory
condition of the lungs such as cystic fibrosis [15], ANXA1
with a molecular weight of 33 kDA is released rather than
ANXA1 with a molecular weight of 37 kDa. This suggests
that inflammatory conditions increase the release of de-
fective ANXA1 [16]. A study by Ng et al. [16] showed that
the exogenous ANXA1 N-terminal peptide exerts anti-
inflammatory effects in Th2 cell-weighted ANXA1
knockout rats with pulmonary inflammation [16]. Ban-
deira-Melo et al. [28] used peptide Ac2-26 as an antial-
lergic agent for rats sensitized via ovalbumin administra-
tion to the pleural cavity. This peptide inhibited mast cell
degranulation and neutrophil and eosinophil recruit-
ment, and it prevented the release of histamines and eo-
taxins which are precursor mediators. This condition
suggests that derivatives of ANXA1 can be used in the
presence of allergic inflammation [28, 29].

The ANXAL protein is present in the BAL fluid of pa-
tients with asthma. However, the role of ANXA1 in the
pathogenesis of allergy and asthma is unclear. ANXA1
knockout rats were sensitized with ovalbumin. Then they
were provoked using aerosolized ovalbumin, and airway
resistance, lung compliance, and total and allergen-spe-
cific antibody responses were evaluated. In a test using
inhaled metacholine, airway hyperresponsiveness was
detected in ANXA1 knockout rats. The presence of in-
creased allergens, the specific and total antibody respons-
es and airway hyperresponsiveness in the ANXA1-defi-
cient rats suggest that ANXA1 plays a role in asthma de-
velopment [16]. In our study, ANXA1 levels were found
to be lower in infants with wheezing compared to con-
trols. This is promising for the prevention of asthma us-
ing annexin derivatives to inhibit inflammation. Human
neutrophilsexpressformyl peptidereceptor-like (FPRL2)/
LXA4 receptors (ALX). These receptors bind serum amy-
loid A, an acute-phase reactant, and LXA4, 15-epi-LXA4,
and ANXA1 [30]. Recent data have indicated that there
are two endogenous anti-inflammatory mechanisms
which have an effect via FPRL2/ALX receptors [31, 32].
ANXA1l and ANXAIl-mimetic peptide AC2-26 and
15-epi-LXA4 reduce neutrophil infiltration and mediator
release from bronchioles. In addition, LXA4 and Ac2-26
facilitate the phagocytosis of apoptotic neutrophils by
macrophages. These findings indicate that LXA4, an en-
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dogenous

anti-inflammatory agent,
ANXALI for the resolution of inflammation [30]. In our
study, decreased levels of LXA4 and ANXA1 in the wheez-
ing group versus the control group suggest the interaction
of these two anti-inflammatory mechanisms.

Our results are the first demonstration of lower levels of

interacts

with

LXA4 and ANXALI in wheezy infants. We believe these re-
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