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Leukotriene E4 and Endothelin-1 Levels,
Their Response to the Therapy, Potential
Relationship with Gastroesophageal Reflux
and Developing of Infantile Asthma in
Wheezy Infants

Higiltilh Cocuklarda Lokotrien E4 ve Endotelin-1
Diizeyleri, Tedaviye Yanit, Gastrodsefageal
Reflii ve Siit Cocugu Astimi Geligmesi ile
Potansiyel Iligkileri

ABSTRACT Objective: Wheezing is a common symptom among children and is proposed to be associated with
inflammatory cell infiltration, cytokines production, and with some risk factors such as gastro esophageal reflux
(GER). The aim of the present study was to investigate endotheline-1 (ET-1) and leukotriene-E4 (LTE-4) levels,
their response to steroid and $2-agonist therapy, and to establish if these parameters can be used as a diagnostic
tool for infantile asthma and assess their relation with GER during acute attack of wheezy infants (WI). Material
and Methods: Thirty WI and 12 healthy infants were enrolled in the present study. Serum IgE, ET-1, urine LTE-
4 levels, and eosinophil percentage were measured prior to and 5 days after the treatment (systemic or inhaled
steroid therapy and inhaled $2-agonist) in children with WI. In addition, esophageal pH was monitored for 24
hours. Results: Serum IgE, ET-1, and urine LTE-4 levels were significantly higher in the patients compared to the
controls before and five days after the treatment (p= 0.009; p= 0.039, p= 0.032; p= 0.014, p= 0.017, respectively).
The serum IgE and urine LTE-4 levels prior to and 5 days after the treatment were higher in the patients with
GER when compared to the controls (p=0.021, p= 0.016 and p= 0.039). Moreover, the systemic or inhaled steroid
therapy did not influence the serum ET-1 and urine LT-E4 levels. We found that the serum IgE and ET-1 levels
on 5% day of the treatment and LTE-4 levels at the beginning and 5" day of the treatment were notably different
in patients with higher likelihood for developing infantile asthma when compared to the controls. Finally, in-
creased serum IgE levels were present in patients with good response to inhaled $2-agonist with regard to those
with poor response to inhaled p2-agonist (p= 0.031). Conclusion: The present study indicated that IgE, ET-1 and
LTE-4 levels were related to airway inflammation in WI while LTE-4 and IgE levels were associated with GER.
LTE-4 and IgE levels could be novel parameters for determining the risk factor for developing asthma in child with
‘WI. Inhaled B2-agonist therapy seemed to be beneficial only in patients with high serum IgE levels.
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OZET Amag: Hisilti, gocuklarda yaygin bir semptomdur ve inflamatuar hiicre infiltrasyonu, sitokinler ve gastro
osefageal reflii (GER) gibi baz risk faktorleri higilti gelismesini agiklamak i¢in énerilmistir. Bu ¢aligmanin amaci,
higiltilh gocuk (HC) tanmili hastalarin akut ataklari sirasinda endotelin-1 (ET-1) ve lokotrien-E4’tiin (LTE-4)
diizeylerini, bu diizeylerin steroid ve $2-agonist tedavisine yanitlarini, GER ile iligkisini ve astim gelismesini
saptamak igin yeni parametreler olup olmadiklarini aragtirmaktir. Gereg ve Yontemler: Yirmi HC ve 12 saghkh
¢ocuk ¢aligmaya alindi. HC hastalarinda serum IgE, ET-1 ve idrar LTE-4 diizeyleri, eozinofil yiizdeleri tedavi
(sistemik ya da inhale steroid ve inhale B2-agonist) 6ncesi ve tedavi sonunda (5. giin) 6lciildii. Hastalara 24 saatlik
dzefagus pH monitérizasyonu yapildi. Bulgular: Hastalarin baglangigta ve 5. giinde 6lgiilen serum IgE, ET-1 ve
idrar LT-E4 diizeyleri kontrol grubuna gore yiiksek bulundu (sirasiyla p= 0.009; p= 0.039, p= 0.032; p= 0.014, p=
0.017). Tedavi 6ncesi ve tedavinin besinci giinii 6l¢iilen serum IgE ve idrar LT-E4 diizeyleri GER olan hastalarda
kontrol grubuna gére daha yiiksek bulundu (p=0.021, p= 0.016 ve p=0.039). Serum ET-1 ve idrar LTE4 diizeyleri
sistemik ya da inhale steroid tedavisinden etkilenmedi. Serum IgE ve ET-1 (5. giin) ve idrar LTE-4 diizeylerini
(baslangig ve 5. giin) astim igin risk skoru yiiksek olan hastalarda kontrol grubuna gére yiiksek bulduk. Yiiksek
IgE diizeyleri inhale B2-agonistlere cevap iyi cevap veren grupta vermeyenlere gore daha yiiksekti (p= 0.031).
Sonug: IgE, ET-1 ve LTE-4 diizeyleri HCdaki havayolu inflamasyonu ile iligkili bulunurken IgE ve LTE-4 GER
ile iliskiliydi. LTE-4 ve IgE, HC astim gelismesini belirlemek i¢in yeni parametreler olabilir. Inhale $2-agonistler
yanhzca IgE diizeyi yiiksek HC’ da yararh gibi goziikmektedir.

Anahtar Kelimeler: Gastroeozefagial reflii; 16kotrien e4; endotelin-1; astim
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heezing is a common symptom among
‘ " /. infants with varying prevalence betwe-
en 4%-32%.! Most of the risk factors for

wheezing are due to the obstruction and infection
of small airways. The etiology of wheezing during
infancy might contain multiple factors, including
inflammation (asthma, cystic fibrosis, bronchopul-
monary dysplasia), infection, gastro esophageal re-
flux (GER) with or without aspiration, congenital
malformations, extrinsic or intrinsic compression
and extra-thoracic disease. It is not clear why some
infants are wheezy during viral upper respiratory
tract infections while others are not. It is possible
that WI have a tendency to mount an exaggerated
inflammatory response leading to production of
mediators such as interleukins, leukotriens (LTE),
endothelines (ET) and histamine.>* However, the
effects of ET-1 and LTE are not well known in
wheezy infants. Therefore, we hypothesized that
(i) systemic or inhaled glucocorticoids treatment
would decrease concurrently urine concentration
of LTE-4, blood levels of ET-1 and IgE and absolu-
te eosinophil counts, (ii) whether LTE-4, ET-1, and
IgE levels can be new risk factors for wheezy in-
fant who might develop infantile asthma in the fu-
ture, and (iii) whether the presence of GER would
elevate LTE-4 and ET-1 levels in WI. Therefore,
we measured the urine concentration of LTE-4,
blood levels of ET-1 and IgE and absolute eosinop-
hil counts before (day 0) and five days after (day 5)
the steroids treatment in wheezy patients with or
without GER.

I MATERIAL AND METHODS

PATIENTS AND CONTROL SUBJECTS

We randomly selected 30 patients diagnosed as W1
in the Department of Pediatric Allergy, Medical
School of Eskisehir Osmangazi University, Eskise-
hir, Turkey. The WI group consisted of 22 boys and
8 girls with a mean age of 12.2 + 4.8, ranging from
6 to 24 months. The control group of the current
study consisted of 12 healthy normal children (7
boys, 5 girls with mean age of 13.6 + 5.9, ranging
from 6-24 months). The WI patients were enrolled
to the study during acute bronchiolitis. The bron-
chiolitis was defined according to following crite-
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ria: episode of dyspnea occurring immediately after
an episode of nasopharyngitis and combining co-
ughing, expiratory impairment, and/or obstructive
dyspnea, that is, tachypnea, inspiratory retraction,
hyperinflation of lungs, wheezing (audible or on
auscultation), crackles, or, in the most serious cases
no signs at all.> Patients younger than three months
of age with respiratory rate higher than 70 breaths
per minute, lethargic in appearance, with whee-
zing and respiratory distress associated with oxy-
gen saturation below 92 percent on room air,
showing hypercarbia and atelectasis or consolida-
tion on chest radiography were treated in the hos-
pital.%7 The patients were determined as high or
low risk for infantile asthma according to criteria
described previously by Martinez.® According to
these criteria, the patients having parents with ato-
pic diseases such as asthma, eczema, allergic rhini-
tis and suffering more than three wheezy attacks
were determined as having high risk for deve-
lopment infantile asthma. The patients with bron-
chopulmonary dysplasia, history of prematurity,
cystic fibrosis, neurological or cardiovascular dise-
ase, urinary tract infection and bacterial pneumo-
nia, and those receiving previous steroid treatment,
»-agonist and/or immunosuppressive drugs were
excluded from this study. The WI group were tre-
ated with prednisolone (1-2 mg/kg/day, maximum
40 mg/day) or inhaled budesonide (125-250 pg/do-
se for 5 days), or inhaled B,-agonist.>” The patients
were divided into two groups according to their re-
sponse to the inhaled B,-agonist: Good responder
group (Group 1), showing no wheezing and tachy-
pnea following to the treatment of inhaled 3,-ago-
nist, and poor responder group (Group 2),
demonstrating little improvement in their symp-
toms on 3" day of the treatment with the inhaled
o-agonist.

The presence of GER in WI patients was de-
termined according to the modified criteria’s of
Vandenplas et al.’

STUDY PROTOCOL

All the patients were hospitalized and checked for
the presence of GER (including regurgitation, eruc-
tation nausea, vomiting, excessive salivation, cough,

Turkiye Klinikleri ] Med Sci 2010;30(1)



Pediatrics

Kogak et al

and dyspnea), exposure to smoking (antenatal or
postnatal) and atophy history in siblings or parents.
The complete blood count, erythrocyte sedimenta-
tion rate, C-reactive protein, urine analysis and cul-
ture, sweat chloride test, specific IgE tests as radio
allergo sorbent test (RAST) were performed. In ad-
dition, 24 hours eoesophageal pH monitorization
and chest X-ray were done in the WI group. At the
beginning of the study (day 0) and 5 days after the
steroid treatment, urine and peripheral venous blo-
od samples were obtained from the patients and the
controls to assess the urine LTE-4/creatinin, ET-1,
IgE, and the absolute eosinophil counts.

The levels of IgE were measured using chemi-
luminescence methods (Roche Diagnostics GmBH
Hitachi E170, Germany). Specific IgE for mite, ca-
cao, egg and cow milk were also determined by
RAST (UNICAP 100, Pharmacia, Sweden). The re-
sults were expressed in standard units (SU-mL™)
and they were classified into conventional allergy
classes (0-5). The high sensitivity protocol was
used, with a cut-off value of 0.5 SU-mL™. A positi-
ve test was considered when the values were
>0.5 SU-mL™! (0-1 class).

Moreover, serum ET-1 levels were measured
with a commercial kit (ACE™ Endothelin-1 EIA
kit; Cayman Chemicals, Michigan USA, Catalog
No. 583151). Assays were done using solid phase,
enzyme-labeled chemiluminescent immunomono-
metric method. Urine LTE-4 levels were measured
by competitive enzyme-labeled assay methods
(ACE™LTE-4 EIA kit; Cayman Chemicals, Michi-
gan USA, Catalog No. 520411). Urine LTE-4/crea-
tinin levels were measured via spectrophotometric
methods (AEROSET™ Abbott USA).

STATISTICAL ANALYSIS

Data were analyzed using the SPSS 16.0 for Win-
dows package. The Shapiro-Wilk test was perfor-
med for testing normality. Parametric tests were
used for normally distributed variables and non-
parametric tests were used for variables that were
not normally distributed. Mann Whitney U test,
Chi-square test and Spearman’s rank correlation
coefficient were used. When abnormally distrib-
uted variables belonged to multiple groups, Kruskal
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Wallis test was employed and Mann Whitney U
test was performed to compare intergroup differ-
ences. Results were expressed as mean + SD and p
value <0.05 was considered statistically significant.

ETHICS

The protocol of the present study was approved by
the Research Ethics Committee of Eskisehir Os-
mangazi University. Informed consent was obtai-
ned from the parents or guardians of all the
participants in WI and control groups.

I RESULTS

There was no statistically significant difference be-
tween the control and study groups for their age,
sex and body weights (p=0.46, p= 0.96, p= 0.071 re-
spectively). The present results demonstrated that
20 (66.6%) patients showed good clinical response
to the inhaled B,-agonist treatment; however, 10
(33.3%) patients developed poor response to the sa-
me treatment. Using the criteria established earlier
by Martinez.8 for estimating the risk for developing
asthma in infants, we found that 8 (26.7%) patients
had high risk and 22 (73.3%) patients had low risk
for mounting infantile asthma.

Egg and cow milk specific IgE were detected
in 1 and 5 patients, respectively. These six patients
were also suffered from GER. The serum ET-1 and
IgE, and urine LTE-4 levels at the beginning and
fifth day of the treatment were significantly higher
in the WI group than the controls (Table 1 and 2).
Unexpectedly, systemic steroid therapy failed to
decrease these levels.

Furthermore, the serum ET-1 levels on 5% day
of the treatment were significantly elevated (p=
0.038) in patients treated with inhaled steroids
with respect the controls (Table 3). Urine LTE-4 le-
vels on 0 and 5™ days of the treatment were also
notably increased (p=0.02 and p= 0.044) in patients
treated with inhaled steroid in comparison to the
controls (Table 3). The serum ET-1 and urine LTE-
4 levels were considerably amplified in patients tre-
ated with systemic steroids on 0 (p= 0.033 and p=
0.005) and 5" days of the treatment (p=0.05 and p=
0.009). The effect of the systemic and inhaled ste-
roid treatment on serum ET-1 and urine LTE-4 le-
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TABLE 1: Level of hemoglobin, leucocyte, and IgE
eosinophil count in study and control groups (mean + SD).
Study group Control subjects
(n=30) (n=12) p
Hemoglobin (g/dl) 10118 10.1 £1.1 0.643
Leucocyte (mm?) 11403 + 4762 10225£3120  0.432
Eosinophil counts {%) 1.5+1.5 1.3+1.1(02-32) 0.530
IgE (ng/ml) 37.4+56.4 77+87 0.009

TABLE 2: Level of serum ET-1 and urine LTE4 on day
0 and day 5 in study and control groups (mean + SD).

Study group  Control subjects

(n=30) (n=12) p
ET-1 (pg/ml) (Day 0) 4227 28+07  0.039
ET-1 (pg/ml) (Day 5) 4427 0.032
LTE-4 (pg/ml) (Day0)  1063.4 +453.7 758.7+280.9 0.014
LTE-4 (pg/ml) (Day5) 10232 +398.7 0.017

vels was found to be similar (Table 3), indicating
that the delivery way of the steroid did not make a
difference.

Moreover, a negative correlation existed bet-
ween serum ET-1 and urine LTE-4 levels at the be-
ginning (r=-0.566, p= 0.008; Figure 1). No relation
was found between ET-1, LTE-4 levels and eosi-
nophil counts, on 0 and 5" days of the treatment

with regard to the gender, age, presence of GER,
atopy of parents, smoke exposure, systemic steroid
therapy and breast feeding (p= 0.345, p= 1.000, p=
0.657, p=0.419, p=1.000, p= 1.000 and p= 0.0854).

We further found that the eosinophil counts,
serum IgE and ET-1 levels before the treatment and
LTE-4 levels on 0 and 5% days of the treatment we-
re markedly higher in patients with high risk for
developing infantile asthma when compared to the
controls (2.7 +1.5vs. 1.3+ 1.1, p=0.017; 53 + 65 vs.
7.7 + 8.7, p=0.002; 3.7 + 0.8 vs. 2.8 + 0.8, p= 0.04;
1343.2 + 394.8 vs. 758.7 + 280.9, p= 0.003; 1123.6 +
395.1 vs. 758.7 + 280.9 p= 0.049). Only eosinophil
counts and the serum IgE levels were higher in the
high risk group (8 patients) for infantile asthma
when compared to the low risk group (22 patients)
for infantile asthma (p=0.006 and p=0.05). Our ob-
servations revealed that the gender, age, GER, smo-
ke exposure and breast feeding were not related to
the development of infantile asthma (p= 1,000, p=
0.488, p= 1,000, p= 0.384 and p= 0.689, respecti-
vely).

The GER was determined in 7 (23.3%) patients
with wheezing, and 6 of 7 patients (85.7%) had spe-
cific IgE against cow milk and egg. Eosinophil co-
unts and serum ET-1 levels on day 0 and 5 were not
statistically different in wheezing children with
GER than the controls (Table 4). In addition, the

TABLE 3: Level of serum ET-1 and urine LTE-4 levels according to treatment modality.
Steroid treatment
Inhaled (n=14) Systemic (n=16) Control (n=12) p

ET-1 {pg/ml) (Day 0) 3611 47+38 P1=0.049"
P2=0.033*

2807 P3=0.408***

ET-1 {pg/ml) (Day 5) 48+33 44127 P4= 0.038*

P5= 0.05"*

P6=0.981***

LTE-4 (pg. mg-1 creatinine) (Day 0) 969.8 +482.8 1092.6 + 406.5 P7=0.02
P8=0.005**

758.7 +280.9 P9=0.325"**

LTE-4 (pg. mg-1 creatinine)  (Day 5) 985.6 + 511.7 1092.3 + 298.7 P10=0.044*
P11=0.009**
P12=0.865"**

*Inhaled vs control; **systemic vs control and *** Inhaled vs systemic
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FIGURE 1: Negative correlation between serum ET-1 and urine LTE-4 lev-
els in patients.

levels of serum IgE and urine LTE-4 on day 0 and
5% days of the treatment were augmented in WI
with GER with respect to the controls (Table 4).
Low body weight was strongly correlated with W1
having GER (p=0.007, Table 4).

Eosinophil counts, serum IgE on day 0 and ET-
1 levels were also not statistically different in W1
with GER than wheezing without GER on day 0
and 5" day of the treatment (p= 0.522, p= 0.540 p=
0.619 and p= 0.598, respectively).

High serum IgE levels were statistically signi-
ficantly associated to inhaled By-agonist in pati-
ents with good response when compared the ones
with poor response to inhaled Py-agonist (p=
0.031).

I DISCUSSION

The pathogenesis of wheezing episodes are intrica-
te and not well understood. Even though it is not
well established, one of the mechanisms regarding
wheezing episodes is believed to be IgE mediated
reactions. Our present data suggest that there is a
relation between high levels of IgE and wheezing
occurring between 6-24 months of age. Possible
mechanisms for IgE mediated reactions might inc-
lude sensitization with aeroallergens during the
first year of life predisposing infants to produce lar-
ge quantities of IgE in response to a variety of an-
tigens. In the present study, six patients (20%)
generated specific IgE; however, we did not obser-
ve any relation between the presence of specific
IgE and wheezing in our patients. Although some
studies showed that specific IgE was related with
wheezing, we did not find a correlation between
RAST specific IgE and wheezing. This finding may
be explained with the development of sensitization
to a set of various specific allergens changing with
age, feeding and genetic predisposition.

ET-1 is a potent bronchoconstrictor agent in
lung tissue, exerting its effect via releasing secon-
dary spasmogenic mediators and augmenting cho-
linergic neurotransmission.!!? Similar to IgE, the
role of ET-1 in the development of wheezing epi-
sodes is not well defined. We found higher plasma
ET-1 levels in our patients at the beginning (0 day)
and 5" day of the treatment. The present findings
indicated that ET-1 may play a role in the patho-
genesis of WI. In addition, even though ET-1 lev-

TABLE 4: Age, body weight and height, eosinophil counts, level of serum ET-1 and IgE, urine LTE-4 in gastroeosophageal
reflux (GER) with wheeze and control groups (mean + SD).

GER with Wheeze

Age (month) 11+£54
Body weight (kg) 7719
Body height {cm) 70£11.3
Eosinophil counts (%) 1.3+£1.6

IgE {(ng/ml) 417702
ET-1 (pg/ml)  (Day0) 54+45
ET-1 (pg/ml) (Day 5) 4.7+41
LTE-4 {pg. mg-1 creatinine) (Day 0) 7929+ 5453
LTE-4 (pg. mg-1 creatinine) (Day 5) 955.9 + 457

Control subjects p

136+5.9 0112
10.3+1.5 0.007
76.7 5.7 0.196
1.3+11 0.946
7.7£87 0.021
2807 0.138
0.249

758.7 £ 280.9 0.016
0.039
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els were higher on 5% day of the treatment with re-
gard to day 0, this increase was not statistically sig-
nificant (Table 2). This condition can be explained
with the effect of other cytokines such as interleu-
kin-1 and tumor necrosis factor alpha that might
stimulate the production of ET-1 on the fifth day.
In addition, we observed steadily increasing levels
of ET-1 during the treatment; a finding might be
stimulated by other cytokines such as interleu-
kin-1 and tumor necrosis factor alpha. The high se-
rum ET-1 levels did not change with inhaled or
systemic steroid therapy (Table 3). Therefore, anti
ET-1 therapy may be useful in WL

Leukotrienes (LTs) consist of 20-carbon unsa-
turated fatty acids released from membrane phos-
pholipids via the arachidonic acid cascade. The
LTE-4 is a potent bronchoconstricting cysteinyl le-
ukotriene and is the end product of cysteinyl leu-
kotriene metabolism.!®> The role of LTs is
controversial in pathogenesis of wheezing in-
fants.23 Our data here suggests that cysteinyl LTs
but not IgE may play a role in the pathogenesis of
wheezy infants through induction of smooth-
muscle contraction, modulation of vascular perme-
ability and vasoconstriction in addition to the
enhancement of mucous secretion and immune
modulation. Similar to ET-1, systemic or inhaled
steroid therapy did not reduce the urinary levels of
LTE-4 in our study (Table 3). The existence of con-
stant levels of Cys-LTs in patients treated with cor-
ticosteroids can be explained with the presence of
other mediators such as interleukin 3, which may
modulate susceptibility to corticosteroids.!* Taken
together, our study indicate that inhaled or syste-
mic steroid treatments do not appear to be useful
for reducing levels of LTs in wheezy infants. The-
refore, development of selective antagonists is re-
quired in these patients.

Although ET-1 possesses similar potency and
efficacy on LTs, we found a negative correlation
between serum ET-1 and urine LTE-4 levels in our
patients on day O (Figure 1). This is the first report
about relationship between ET-1 and LTE-4 levels
in wheezy infants. This evidence also supports the
notion that elevated LTE-4 levels do not arise in
consequence of elevated ET-1 in WI.

162

The present study showed that increased se-
rum IgE levels were present in patients generating
a good response to inhaled 3;-agonist with regard
to those developing poor a response to inhaled 35-
agonist (p= 0.031). Therefore, we claim that inha-
led PB,-agonist therapy could be beneficial in
patients with high serum IgE levels and this can be
a guide for individualization of the therapy.

GER is a potential trigger of W1.1>16 The possi-
ble mechanisms include a vagally mediated reflex, a
direct axonal reflex, increased bronchial reactivity
with neuropeptides including substance P, neuro-
kinin A and micro aspiration. However, our study
showed that high ET-1 levels were not found in pa-
tients with GER in comparison to patients without
GER and controls. Therefore, ET-1 was not related
to inflammations of GER. However, the high levels
of serum IgE and urine LTE-4 were associated with
GER in our patients. This is the first report on rela-
tionship of GER with LTE-4 in children. Elevated
IgE levels might be due to exposure to some aller-
gens including food allergens present in the aspira-
ted content. We think that specific IgE should be
investigated in WI with GER, especially in hyper-
reactivity to food allergens. On the other hand, high
urine LTE-4 levels in WI patients with GER can be
explained with the presence of neuropeptides that
can stimulate leukotriens.!”

It is important to identify children at risk for
developing asthma, and to distinguish these from
those in whom early wheezing is likely to be tran-
sient. The history of parental asthma, presence of
eczema in the childhood, allergic rhinitis, >3 whe-
ezing attacks, and eosinophilia might be an indica-
tion of infantile asthma development in WI.!® To
date, no diagnostic tools are available that can
firmly distinguish transient wheezing from persis-
tent wheezing at an early stage. The present study
is the first one showing that high serum IgE levels
are as important as high eosinophil counts for de-
termination of developing asthma in patients with
wheezing. In addition, we, for the first time, sho-
wed that high urine LTE-4 levels may be an impor-
tant risk factor determinant for development of
infantile asthma in WI. Further studies are needed
to prove this.

Turkiye Klinikleri ] Med Sci 2010;30(1)
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In conclusion, IgE, ET-1 and LTs levels are re-
lated to the airway inflammation in W1 and only IgE
and LTE-4 are related to GER. Steroid therapy does
not reduce levels of ET-1 and LTE-4. The serum IgE
and urine LTE-4 levels may be useful as new mark-
ers for the determination of developing asthma. In-

haled ,-agonist (salbutamol), anti-leukotriene and
anti-ET-1 therapy seemed to be beneficial in WI.
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