
927T>C polymorphism of the cysteinyl-
leukotriene type-1 receptor (CYSLTR1) gene
in children with asthma and atopic dermatitis

Asthma is a pulmonary disorder characterized
by reversible airflow obstruction, airway hyper-
responsiveness and cellular inflammation. Its
prevalence ranges from 2% to 32% and consti-
tutes the main cause of hospitalization among
children (1). Atopic dermatitis is a chronic
inflammatory skin disease characterized by
inflammation, dry skin, intense itching, and a
course marked by exacerbations and remissions.
In developed countries, atopic dermatitis can
affect more than 10% of children (2). Both
disorders are frequently associated. Thus,

asthma develops in approximately 30% of
children with atopic dermatitis (3) and this
entity has been associated with a poorer prog-
nosis of asthma (4).
Environmental and genetic factors play a

significant role in the development of both
asthma and atopic dermatitis. The familial
aggregation of atopic dermatitis and asthma is
well established. Recent studies have identified
some common chromosomal linkages between
asthma and atopic dermatitis in several chromo-
somal regions (5, 6).
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Asthma and atopic dermatitis share several common features and Cy-
steinyl-leukotrienes are mediators that participate in the pathogenesis of
both diseases. Recently, a new polymorphism (927T>C) has been
identified in cysteinyl-leukotriene type-1 receptor (CYSLTR1) gene.
This gene is found on the X chromosome. The aim of this study was to
analyze this SNP in a population of children with asthma and atopic
dermatitis. In this study, 166 individuals, 79 adult controls (CTR) and
87 children with asthma (AA) were included. Forty-one patients with
asthma presented atopic dermatitis (AA-AD). Adults were chosen as
controls to confirm lack of development of asthma and allergy during
childhood. Standardized history, physical examination, skin prick tests,
and lung function measurements were performed in all patients. The
927T>C CYSLTR1 SNP was analyzed by direct sequencing after PCR
amplification. In males (53 individuals), the C allele was significantly
more common among AA-AD patients (47%) than in CTR (8%)
(Fisher’s p < 0.005; Monte Carlo p < 0.008; OR:9.78; 95%CI: 1.73–
55.30). When comparing AA-AD vs. AA-NAD (patients with asthma
but not atopic dermatitis), significant differences were observed, (47%
vs. 15%, Fisher’s p ¼ 0.014; Monte Carlo p ¼ 0.022; OR: 4.97; 95%CI:
1.29–19.13). No differences in allele distribution were observed between
these disease sub-groups in females. The 927T>C is a silent SNP;
however, it could affect transcription or translation or may be linked to
an unidentified, functional polymorphism and thus may pre-dispose
male children to asthma and atopic dermatitis in our population.
Further studies are needed to confirm these findings.
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Asthma and atopic dermatitis share several
common features: an inflammatory response to
environmental triggers, the activation of Th2
cells, an increased production of IgE and the
participation of eosinophils (7). Cysteinyl-
leukotrienes are mediators that participate in
the pathogenesis of allergic inflammation in
lung and skin. Thus, patients with atopic
dermatitis have enhanced spontaneous and sti-
mulated production of cysteinyl-leukotrienes
from leukocytes (8). Leukotrienes exert their
effects through two subtypes of cysteinyl-leuko-
triene receptors, CYSLTR1 and CYSLTR2 (9).
Activation of CYSLTR1 receptor by LTD4
results in proliferation and contraction of
smooth muscle, edema and eosinophil migration
to the lung. Cysteinyl-leukotriene type-1 recep-
tor (CYSLTR1) gene has been cloned and
mapped to chromosome X (Xq13-21) (9).
Recently, a new polymorphism (927T>C) has
been identified in the coding region of the
CYSLTR1 gene (10). Considering the relation-
ship between asthma and atopic dermatitis and
the paucity of information about this poly-
morphism, we decided to analyze this SNP in a
population of Spanish children with asthma and
atopic dermatitis.

Materials and methods
Subjects

In this study, 166 unrelated Caucasian individu-
als were included. Eighty-seven children with
asthma (AA) and 79 adult controls (CTR) from
the outpatient Allergy Department of the Uni-
versity Hospital of Salamanca were recruited.
The study was performed following the recom-
mendations of the Ethical Committee of the
University Hospital of Salamanca.
Asthmatic children were recruited consecu-

tively in the outpatient clinic if they had
specialist physician-diagnosed asthma with at
least two symptoms consistent with asthma
(cough, wheeze, and dyspnoea) in the last
12 months and three crisis of asthma in their
clinical records in absence of other conflicting
pulmonary disorders. In all patients, lung func-
tion was measured by spirometry according to
ATS standards and severity of asthma was
classified following the Spanish Consensus
Guidelines. Children were at least 6 yr old to
perform spirometry.
Skin prick tests were performed according to

EAACI recommendations, with a battery of
common aeroallergens previously described
(11). Total serum IgE levels were measured by

a fluoroenzymeimmunoassay with Pharmacia
Cap System� (Pharmacia, Uppsala, Sweden),
following manufacturer’s instructions.
Atopic dermatitis was defined according to the

clinical diagnostic criteria for atopic dermatitis of
the Consensus Conference of the American
Academy of Dermatology.
Control subjects were selected if they met all of

the following criteria: (i) no symptoms or history
of asthma or other pulmonary diseases, (ii) no
symptoms or history of allergy, (iii) no symptoms
or history of atopic dermatitis, (iv) negative skin
prick tests to the abovementioned battery of
common aeroallergens (<1 mm wheal greater
than saline), (v) absence of first degree relatives
with a history of asthma or atopy. To confirm
lack of development of asthma and allergy
during childhood, we selected a population of
adult controls.

Genotype analysis

DNA purification from total blood was per-
formed according to previously described proce-
dure (11). To amplify the genomic region
surrounding the SNP these primers were used:
5¢-AAATCATGTTTTGGTCTTGC-3¢ and 5¢-
ATTTTCATTGGTTTGGACTG-3¢. The reac-
tion mixtures were performed in 25 ll including
20 ng of genomic DNA, 1.25 pmol primers and
12.5 ll of PCR Master Mix (Promega, WI,
USA). Cycling conditions included one cycle of
95�C for 5 min; 40 cycles at 94�C for 1 min, 60�C
for 1 min and 72�C for 1 min; and a extension
period at 72�C for 10 min. Laboratory proce-
dures were performed according to the European
Molecular Genetics Quality Network best prac-
tice guidelines. All fragments were visualized in
a 2% agarose gel. GENECLEAN Turbo kit
(Q-BIOgene, CA, USA) was used for the
clean up of the PCR products. The amplicons
were sequenced in a 3100 Genetic Analyzer
(Applied Biosystems, CA, USA) and the result-
ing chromatograms were aligned and viewed
with Chromas 2.3 (Technelysium. Pty. Ltd.
1998–2004, Ewantin, Australia). The Genebank
accession number for the reference genomic
sequence used for CYSLTR1 alignments was
AY242130.1. The analysis of the sequences was
performed blindly with respect to case–control
status.

Statistical analysis

The allele and genotype frequencies in patients
were compared with control population,
for case–control studies. Hardy–Weinberg
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equilibrium was tested by a v2 test (Pearson’s
p-value). Allele frequencies were computed tak-
ing into account that males provide only one
copy of the X chromosome. Bivariate analysis
used analysis of variance to compare continuous
outcomes across the levels of each genotype. The
dichotomous variables were analyzed using v2,
Fisher’s exact test, Monte Carlo simulation after
104 iterations and odds ratio test (95% Confid-
ence Interval) for comparisons of the distribution
of categorical variables. To model the effects of
multiple covariates on the continuous and
dichotomous outcomes, Logistic Regression
was used. Age was included as potential covari-
ate in multivariate analysis. A p-value of less
than 0.05 was considered statistically significant.
The statistical power and the false positive report
probability (FPRP) were calculated for this
study. To manage and analyze the data SPSS
version 12 and SHEsis software platform were
used (12).

Results

Phenotypic characteristics of our population are
presented in Table 1. Since CYSLTR1 gene is
found on the X chromosome, results for males
and females subjects were calculated separately.
Genotype frequencies did not differ significantly
from Hardy–Weinberg equilibrium in the female
group. Genotype frequencies of 927T>C CYS-
LTR1 polymorphism are shown in Tables 2
and 3.

Male group

In the group of male individuals, the C allele of
927T>C SNP (Fig. 1) was certainly more com-
mon in allergic asthma patients (AA) patients
(0.25) than in controls (CTR) (0.08), Fisher’s
p-value ¼ 0.08; Monte Carlo p-value (after 104

simulations) ¼ 0.012; OR, 3.86; 95% CI, 0.79–
18.75 (Table 2).

When atopic dermatitis was considered, the
C allele was clearly more frequent in the group
of patients with allergic asthma who presented
atopic dermatitis (AA-AD) (0.47) than in CTR
(0.08); Fisher’s p < 0.005; Monte Carlo
p-value (after 104 simulations) < 0.008; OR,
9.78; 95% CI, 1.72–55.30. The statistical power
considering our own population as reference
was 70% for a significance less than 0.05. Since
there are no previous data, if we consider this
OR, the FPRP would be 50% for a pre-test
probability of 1%.
No differences were observed in the group of

patients with allergic asthma and but not atopic
dermatitis (AA-NAD) (0.15) compared to the
CTR group (0.08), Monte Carlo p-value 0.68
(Table 2).
When comparing AA-AD patients (0.47) vs.

AA-NAD patients (0.15), a significant differ-
ence was also observed, Fisher’s p ¼ 0.014;
Monte Carlo p ¼ 0.022; OR, 4.97; 95% CI,
1.29–19.13.

Female group

In the group of female subjects, no significant
differences were observed between CTR and AA
or AA-AD patients (Table 3).

Table 1. Demographic characteristics of subjects

Characteristic Controls Asthmatics

No. of subjects 79 87
Age (yr) € s.d. 40.9€17.9 10.34€2.6
Sex (No.)
Male 24 53
Female 55 34

Log10 IgE
Geometric mean 1.5 2.4
95% confidence interval 1.4–1.6 2.3–2.6

Table 2. Genotype frequencies of 927T>C CYSLTR1 in male patients according
to asthma and atopic dermatitis

927T>C

Males n ¼ 77

CTR
(n ¼ 24)

Asthmatics
(n ¼ 53)

AA-AD
(n ¼ 17)

AA-NAD
(n ¼ 36)

T 0.92 0.76 0.53 0.85
C 0.08 0.24 0.47* 0.15

CTR, controls; AA-AD, allergic asthma with atopic dermatitis, AA-NAD, allergic
asthma but not atopic dermatitis.
*Fisher's p < 0.005; Monte Carlo p < 0.008; OR, 9.78; 95% CI, 1.72–55.30 for
the comparison of patients with AA-AD to CTR. Fisher's p < 0.014; Monte
Carlo p ¼ 0.022; OR, 4.96; 95% CI, 1.29–19.13 for the comparison of patients
with AA-AD to AA-NAD.

Table 3. Genotype frequencies of 927T>C CYSLTR1 in female patients
according to asthma and atopic dermatitis

927T>C

Females n¼89

CTR
(n ¼ 55)

Asthmatics
(n ¼ 34)

AA–AD
(n ¼ 25)

AA-NAD
(n ¼ 9)

TT 0.66 0.59 0.60 0.60
TC 0.27 0.35 0.36 0.40
CC 0.07 0.06 0.04 0.00

CTR, controls; AA AD, allergic asthma with atopic dermatitis. AA-NAD, allergic
asthma but not atopic dermatitis.

CYSLTR1 in asthma and atopic dermatitis

325



Discussion

In our population, the C allele of the 927T>C
polymorphism was more frequent among male
patients with allergic asthma and atopic derma-
titis (47%) than in male controls (8%) and than in
male patients with allergic asthma but not atopic
dermatitis (15%). To the best of our knowledge,
these findings have not been previously described.
The distribution of the C allele did not differ
between male patients with allergic asthma but
not atopic dermatitis and male controls. Differ-
ences in females did not reach statistical signifi-
cation. Allergic asthma and atopic dermatitis are
clinical entities narrowly associated and there are
clear epidemiological parallelisms. It has been
demonstrated that leukotrienes participate in
both asthma (13) and atopic dermatitis(14). This
may partly explain why male patients with
allergic asthma and atopic dermatitis could share
a genetic background in some cases. In addition,

the treatment with antileukotrienes can improve
both asthma and atopic dermatitis. Several stud-
ies have concluded that the leukotriene receptor
antagonist montelukast is effective in pediatric
patients with mild to moderate asthma and
exercise and allergen induced asthma (15, 16).
Capella et al. (17) concluded that montelukast is
as effective as the comparison combined regimen
to treat atopic dermatitis of adults; in this study
more than 85% patients had rhinitis or asthma. It
has also been reported that there is a significant
alleviation of atopic dermatitis with the use of
antileukotriene drugs (18–20), although recently
Veien et al. did not confirm these results (21).
Polymorphisms in CYSLTR1 gene could modify
the expression of this receptor and exert influence
in the different response of these patients to
antileukotriene therapy. Only a percentage of
asthmatic patients have a significant clinical
response to antileukotriene therapy in asthma
(22). Furthermore, recent studies suggest that
certain mutations in the promoter region of
leukotriene synthesis pathway enzymes could
contribute to the level of responsiveness. In this
sense, polymorphisms of LTC4S appeared to be
associated to the clinical response (23).
In our study, there is a clear difference between

male and female patients. Gender influence has
been previously reported in asthma, which is
more common in boys than in girls during the
early childhood. The prevalence equalizes be-
tween sexes during the adolescence and then
switches to female predominance in adulthood
(24). Gender aspects have also been reported in
atopic dermatitis (2), however, the results of
these studies are controversial. There are not
genome-wide screens associating atopic dermati-
tis to X chromosome, only few studies report
some genetic association. Thus, a relationship
between atopic eczema and Xp11.23 has recently
been established in patients with Wiskott–
Aldrich syndrome (25) and other X-linked dis-
eases such X ichthyosis and Hyper IgM syn-
drome have been related to atopy and eczema
(26). CYSLTR1 was mapped to X chromosome
(Xq13-Xq21). 927C>T SNP has been firstly
reported by Choi et al. (10), although no associ-
ation was detected in a group of patients with
aspirin induced asthma. In our population, there
are differences in allele distribution related to
gender. In this sense, male patients, who carried a
single copy of C allele, have an increased risk
(OR, 9.78; 95% CI, 1.72–55.30) of allergic
asthma with atopic dermatitis. This increased
risk is not observed in female patients, what
could be directly related to the presence of
another copy of the gene.

Fig. 1. Chromatogram sequences for the 927T>C poly-
morphism of CYSLTR1. (a) T/T genotype; (b) T/C geno-
type and (c) C/C genotype. Arrows indicate the
polymorphic sites.
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Although the 927C>T SNP is a synonymous
change, it could affect the efficiency of tran-
scription or translation. It also could be in
tight linkage disequilibrium with another poly-
morphism in functionally important genomic
elements of the CYSLTR1 (10). This could be
a promoter polymorphism able to alter the
expression or turnover of the CysLT1 receptor
on target tissues, or a coding polymorphism
that may alter the binding affinity or efficacy of
CysLT1 receptor ligands such as LTD4. If such
SNP caused changes in CysLT1 protein struc-
ture it could modify the binding of CysLT1
receptor antagonists with implications for their
therapeutic efficacy. These findings need to be
also considered in the context of genetic
variation reported in other enzymes and recep-
tors of the cysteinyl-LT pathway, such as
5-LO, FLAP, LTC4S, and CysLT2 (10, 27).
These have been linked to asthma and aspirin-
intolerance (28, 29), although the results are
still controversial; clinical responsiveness of
asthmatics to antileukotriene therapy (22, 23);
or predisposition to allergy in a Tristan da
Cunha population (30).
Here, we present for the first time a poly-

morphism that seems to be associated with
allergic asthma with atopic dermatitis that is
clearly related to gender. Many factors may be
influencing in positive results in genetic associ-
ation studies, so results from these studies must be
considered with caution. In this sense, stringent
significant levels, and statistical quality control
are required to assure reproducibility. This is a
small study and its statistical power is limited,
however, considering the OR detected, the FPRP
seems to be enough to point out the trend of this
association. Further studies are required to con-
firm these findings in order to enhance under-
standing of environmental, genetic and biological
causes of these increasingly common conditions
and to assess possible implications for severity,
prevention, targeted early intervention and treat-
ment of childhood atopic disease.
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