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Abstract
Background: Cysteinyl leukotrienes are potent inflammatory mediators implicated in the
pathogenesis of asthma. Human cysteinyl leukotriene receptor 1 (CYSLTR1) gene contains five
exons that are variably spliced. Within its promoter few polymorphisms were described. To date,
there has been no evidence about the expression of different splice variants of CysLT1 in asthma
and their association with CYSLTR1 promoter polymorphisms.
The goal of our study was to investigate CysLT1 alternative transcripts expression in asthmatic
patients with different CYSLTR1 promoter haplotypes.
The study groups consisted of 44 patients with asthma, diagnosed according to GINA 2008 criteria
and 18 healthy subjects. Genomic DNA and total RNA was extracted from peripheral blood
mononuclear cells. Real-time PCR was performed with specific primers for transcript I
[GenBank:DQ131799] and II [GenBank:DQ131800]. Fragments of the CYSLTR1 promoter were
amplified by PCR and sequenced directly to identify four single nucleotide polymorphisms: C/T
[SNP:rs321029], A/C [SNP:rs2637204], A/G [SNP:rs2806489] and C/T [SNP:rs7066737].
Results: The expression of CysLT1 transcript I and II in asthma did not differ from its expression
in healthy control group. However, in major alleles homozygotic CAAC/CAAC women with
asthma we found significantly higher expression of transcript I as compared to heterozygous
CAAC/TCGC women in that loci. CysLT1 transcript I expression tended to negative correlation
with episodes of acute respiratory infection in our asthmatic population. Moreover, expression of
CysLT1 transcript II in CAAC/CAAC homozygotic women with asthma was significantly lower than
in CAAC/CAAC healthy control females.
Conclusions: Genetic variants of CYSLTR1 promoter might be associated with gender specific
expression of CysLT1 alternative transcripts in patients with asthma. CysLT1 splice variants
expression might also correlate with the susceptibility to infection in asthmatic population.
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Background
Asthma is a complex disease influenced by genetic and
environmental factors [1], with highly variable clinical
spectrum, but with the consistent presence of airway
inflammation. Among many important inflammatory
mediators involved in its pathogenesis are cysteinyl leukotrienes. They are potent lipid mediators derived from the
lipooxygenase pathway of arachidonic acid metabolism
[2,3]. They are products of activated eosinophils, mast
cells, basophils and macrophages [3,4]. Originally identified as potent mediators of bronchoconstriction, mucus
secretion, and airway hyperresponsiveness [2,5], they are
now also described as important factors of innate and
adaptive immune responses [6], as well as in the effector
phase of inflammation, tissue repair and fibrosis [7,8]. So
far, three cysteinyl leukotrienes receptors have been identified: CysLT1[9,10], CysLT2 [11-13] and recently
described GPR17 [14]. All of them are seven transmembrane-spanning receptors that couple to G proteins
(GPCR) and activate various intracellular signaling pathways [15]. The distribution of these three types of CysLTs
receptors is diverse and depends on the cells and tissues as
well as on the pathophysiologic conditions. In human
lungs CysLT1 protein was demonstrated in the smooth
muscle cells at all levels of the respiratory tract, interstitial
lung macrophages and in the epithelial cells as well as in
infiltrating inflammatory cells such as monocytes/macrophages, mast cells, eosinophils, CD 34+ cells, neutrophils
and B lymphocytes [9,10,16,17]. CysLT1 mRNA was
observed in normal and asthmatic human lungs [10,16].
However, recent studies have shown a significant increase
in CysLT1 positive cells in the bronchi of stable asthmatics
in comparison to healthy, non smoking controls and further elevation of CysLT1 mRNA and protein in acute severe
exacerbations of asthma [18]. Nevertheless, response to
leukotriene antagonists (LTRA) in asthma is known to be
variable and it still has not been determined which of the
phenotypes benefits most from this type of treatment [1921]. Moreover, there is still a discrepancy about the precise
location of the CYSLTR1 promoter region and the exon/
intron structure of this gene [22,23]. Therefore, there is a
possibility that at least two alternative promoters exist and
might initiate different transcripts of the receptor gene in
various pathophysiological conditions [22]. Furthermore,
functional and case-control studies of the CYSLTR1 gene
contribution to asthma have shown inconsistent results
[22,24,25]. We have also previously observed [26] that
some clinical features of severe asthma were associated
with the minor [TCGC] haplotype of CYSLTR1 promoter
SNPs in severe asthmatic women. However, we have
found no significant differences in gene reporter activity
among all tested promoter SNPs constructs. Therefore in
this study we hypothesized that CYSLTR1 gene promoter
polymorphisms might influence on the expression of
CysLT1 alternative transcripts, which might further influ-
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ence on the course of the disease. To test this hypothesis,
we analyze the expression of CysLT1 alternative transcripts
in patients with asthma and in healthy control group with
the relevance to the CYSLTR1 gene promoter polymorphisms. We demonstrate here that there is no difference in
the expression of CysLT1 alternative transcripts between
asthmatic and healthy population analyzed without focus
on genetic background and sex stratification.
However, there is a difference in the CysLT1 alternative
transcripts expression in women with asthma with different promoter haplotypes. Furthermore, we also demonstrate that the expression of certain splice variants
correlates with the episodes of acute infections.

Materials
Study population
The study involved 44 patients with persistent asthma
randomly selected from asthmatic group treated in the
Outpatient Unit of the Department of Immunology,
Rheumatology and Allergy in Lodz, Poland. The sex
matched healthy individuals group consisted of 18 unrelated, non-atopic subjects with a negative family history of
allergy and asthma. Asthma was defined by a specialist of
respiratory diseases according to GINA 2008 criteria [27].
Atopy was defined as one or more positive reactions in the
skin prick tests with the battery of inhaled allergens. The
aspirin intolerant asthma phenotype was defined in
patients having a proven history of asthma aggravation on
exposure to aspirin/NSAIDs and a positive response in a
lysine-aspirin bronchoprovocation test. Exacerbations
were defined as acute worsening of asthma symptoms
with decrease of FEV1 or PEF ≥ 20% diagnosed by the doctor and put in the case history as a word "exacerbation",
with hospitalization or urgent visit for asthma or stated
aggravation of asthma symptoms requiring at least doubling the dose of ICS or addition or periodic increase of
oral GCS. Episodes of acute respiratory tract infection
were defined as acute aggravation of patient's health with
fever, yellow sputum and need for antibiotic usage with or
without asthma exacerbation. Nocturnal dyspnoea was
characterised and stated in the case history by the doctor
according to the interview with the patient. Chronic rhinosinusitis was diagnosed on the basis of patients' symptoms and CT scans. Allergic rhinitis was defined according
to ARIA 2008 criteria [28]. GERD was diagnosed according to American College of Gastroenterology 2005 recommendations [29]. The doses of ICS were calculated as the
budesonide equivalent within the whole period of observation in the Outpatient Unit and divided by the number
of observation days and presented as micrograms per day.
Some patients received ICS by nebulization. The doses of
systemic GCS were calculated as a prednisone equivalent.
GCS, montelukast and zafirlukast were also divided by the
number of whole days of observation and presented as
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milligrams per day. These drugs were prescribed to the
patients for certain periods e.g. 2-3 weeks in regards of
GCS in decreasing dosage in case of exacerbation or 3-4
months in regards of leukotriene receptor antagonists in
case of worse asthma control and there were periods free
of certain drugs. Therefore, median dose of certain drug
per day includes periods without this drug usage. Thus,
the dose of the drug could be lower than available and
commonly used doses.
Clinical features of patients were analysed retrospectively
over the whole period of observation using individually
self-created database software, with the possibility of calculations of studied variables.
Characteristics of the studied groups are presented in
Table 1. The study was approved by the Ethics Committee
of the Medical University of Lodz and informed consent
was obtained from every subject prior to the study.
Genomic DNA Preparation and Single Nucleotide
Polymorphisms (SNPs) Genotyping
Genomic DNA was extracted from peripheral blood
mononuclear cells of studied subjects using Genomic
Maxi AX (A&A, Gdansk, Poland). A 633 bp fragment containing [SNP:rs321029] C/T, [SNP:rs2637204] A/C was
Table 1: Characteristics of the studied groups

n
Men/women [n]
Age [years]
Period of observation [months]
FEV1 [%]
PEF [l/s]
Exacerbations per year
Episodes of acute infection per
year
Hospitalization for asthma per
year
Nocturnal dyspnoe per year
ICS [μg per day]
Oral GCS [mg per day]
Oral GCS [days of use per year]
Montelukast [mg per day]
Zafirlukast [mg per day]
Smokers [%]
Atopy [%]
GERD [%]
Chronic rhinosinusitis [%]
Aspirin intolerance [%]
Allergic rhinitis [%]

Asthma

Controls

44
19/25
53 (21-77)
62 (9-124)
79 (37-113)
365 (223-610)
0.97 (0-3.31)
0.49 (0-2.51)

18
11/7
41(20-71)
n.a.
n.a.
n.a.
n.a.
n.a.

0 (0-0.83)

n.a.

0.36 (0-3.16)
1258 (158-3289)
1.6 (0-10.6)
76.4 (0-365)
2.3 (0-10)
0 (0-26.1)
20.5
63
2.6
20.5
10.2
59

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
16.6
0.0
0.0
0.0
0.0
0.0

Variables are shown as median and range or percentage. n.a. - non
applicable.

obtained with the following primers: 5'-AGCCTTTTCCTTTCTGGTTC-3'(forward)
and
5'-TCACCATCACCACCACAATC-3'(reverse) (Tib Molbiol, Poznan, Poland). A
602 bp fragment containing the [SNP:rs2806489] A/G
and [SNP:rs70667337] C/T was amplified with the following primers: 5'-GAGCAGGGCACATTTGCTAG-3'(forward) and 5'-GCAAGCCCAGTCATTCCAGA-3'(reverse)
(Tib Molbiol). Primer design and optimization of annealing temperatures were performed with MacVector software (Oxford Molecular Group, Madison, WI). PCR
condition were as follows: initial 5 min at 95°C followed
by 35 cycles of 30 s at 94°C, 30 s at 58°C, 45 s at 72°C
and 7 min at 72°C. The PCR reactions were performed in
Biometra T3 thermocycler (Biometra, Göttingen, Germany). These PCR fragments were purified with Clean-Up
(A&A) and labeled using fluorescently labeled dye terminators technique (Applied Biosystems, Foster City, CA)
with specific nested primers. To analyze sequence including rs321029 and rs2637204, following primers were
used: 5'-ACATCAAAGTGCTGCCCCAG-3' and for
sequence including rs2806489 and rs70667337: 5'GGAACCAGAAAGGAAAAGGC-3' (Eurogentec, Polgen,
Lodz, Poland) and appropriate primers from PCR in case
of samples from female subjects which were sequenced in
both directions. Second purification step was performed
using ExTerminator kit (A&A). All sequencing reactions
were performed in ABI Prism 310 capillary sequencer
(Applied Biosystems).
Real-Time PCR analysis of alternative transcripts
expression
Peripheral blood mononuclear cells were isolated from
the blood using Histopaque 1077 (Sigma-Aldrich,
Poland) density gradient centrifugation. Total RNA was
isolated from peripheral blood mononuclear cells using
the Total RNA Extraction Kit (A&A) according to manufacturer's protocol in the presence of RQ1 RNase-Free DNase
(Promega, Madison, WI, USA). Total RNA (2 μg) was
reverse-transcribed using the random hexamers and
ImProm-II™ reverse transcription system (Promega) in a
volume of 25 μl at 37°C for 90 min. All real-time PCR
reactions were optimized to obtain the best amplification
kinetics. Amplification reactions were performed in a final
volume of 20 μl using qPCRTM Core Kit for SybrTM
Green I w/o dUTP (EUROGENTEC, Seraing, Belgium),
250 nM primers and 25 ng cDNA template per reaction.
Nuclease free water was used as a no-template control.
The following primer pairs were used: for CysLT1 transcript I [GenBank:DQ131799]: forward 5'-AACGCAAAAGGACAGTAAACTGTG-3'
and
reverse
5'ATCAATGCCTTTTACGGTGTAATATTAG-3'; for CysLT1
transcript II [GenBank:DQ131800]: forward 5'TCGAATTTACTGAAGACTTGGAGCTTGCTTC-3'
and
reverse
5'-TCTCTACGAATGTCTGCTTTGTGCCTGC-3',
for RPS17: 5'-ACCCCAATGTCAAGGAGATCAAGGTC-
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CTG-3' and 5'-TCGGCAGCCAGCTCGTGAGTAATG-3',
for histone H3A - H3F3A: 5'-AGGACTTTAAAAGATCTGCGCTTCCAGAG-3' and 5'-ACCAGATAGGCCTCACTTGCCTCCTGC-3'. Gene expression levels of CysLT1
transcript I and II and two reference transcripts: RPS17,
and H3F3A were tested using the Rotor-Gene 3000 RealTime DNA analysis system (Corbett Research, Australia).
Cycling conditions: 1 cycle at 95°C for 10 min, 40 cycles
at 95°C for 30 s, 56°C for 15 s (CysLTR1 transcript I) or
65°C for 15 s (CysLT1 transcript II) or 64°C for 15 s
(RPS17) or 65°C for 15 s (H3F3A), and 72°C for 30 s. The
relative expression was based on the expression ratio of
the target gene versus reference genes (RPS17 and H3F3A).
To calculate the relative expression ratios of single samples a mathematical model was used which included an
efficiency correction for the real-time PCR efficiency of the
individual transcripts [30]. Relative expression was calculated using REST (Corbett Research, Australia) software
with the two reference genes mentioned above. Each
experiment was conducted in triplicate.
Statistical analysis
The data from the study were analyzed using Statistica (v.
6.0; StatSoft, Tulsa, OK). The distribution of all examined
variables was checked for normality. Because of the deviation from normal distribution, in the analysis of alternative transcripts expression U-Mann-Whitney test was
performed to analyze differences between variables. Data
are expressed as mean relative expression ± SEM. Relationship between alternative transcripts expression and studied asthmatic features were evaluated utilizing Spearman's
rank correlation test. Haplotype frequencies and linkage
disequilibria were estimated using the HaploView 4.0 program [31]. Haplotypes of each individual were inferred by
using the algorithm developed by Stephens et al. (PHASE

version 2.1) [32]. The post-hoc analysis of the quantitative
variables with the Bonferroni correction was performed to
account for multiple testing.

Results
Study population
We analyzed the expression of CysLT1 alternative transcript I and II in 44 patients with asthma and 18 healthy
controls. Characteristics of study populations are shown
in Table 1. Haplotype distributions in both analyzed populations are shown in Table 2. CAAC and TCGC were
dominant haplotypes in patients with asthma and in
healthy controls. The relative expression of CysLT1 transcript I in peripheral blood mononuclear cells was similar
in asthma (22.87 ± 5.93) and in healthy control group
(26.23 ± 12.98) (p > 0.05). Moreover, relative expression
of CysLT1 transcript II was lower than transcript I and also
similar in asthma (5.05 ± 0.84) and in controls (8.54 ±
2.41) (p > 0.05). Furthermore, the expression of these two
splice variants did not differ either between female
patients with asthma and female controls or male patients
vs male controls.
Alternative Transcripts-Haplotype Association Study
We hypothesized that the different expression of CysLT1
alternative transcripts might depend on the polymorphisms in the CYSLTR1 gene promoter region. Thus, we
performed an analysis concerning association of the
CysLT1 splice variants expression with the haplotypes in
each locus within the whole study population. We analyzed the differences between the two main haplotypes
CAAC and TCGC as they accounted for nearly 90% of the
studied populations, which was shown in Table 2. The
other haplotypes were too rare to perform appropriate
analysis. In women with asthma who are homozygotes in

Table 2: Haplotypes frequency in the asthmatic population (n = 44) and healthy subjects (n = 18)

Alleles

C/T (rs321029)

A/C (rs2637204)

A/G (rs2806489)

C/T (rs70667337)

%

C
C
T
C
C

75.4
20.3
1.4
1.5
1.4

C
C
T
C
C

84
12
4
0
0

Asthmatic population (n = 44)
Haplotype
ht1
ht2
ht3
ht4
ht5

C
T
C
C
T

A
C
A
A
C

A
G
A
G
A
Healthy subjects (n = 18)

Haplotype
ht1
ht2
ht3
ht4
ht5

C
T
C
C
T

A
C
A
A
C

A
G
A
G
A
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major alleles in each analyzed locus CAAC/CAAC we
found significantly higher expression of transcript I 37.22
± 14.11 (pcor = 0.0169) and transcript I/II 13.38 ± 6.10
ratio (pcor = 0.009) as compared to heterozygous CAAC/
TCGC women in that loci, 4.08 ± 1.06 and 1.49 ± 0.65,
respectively (Figure 1, 2). We did not observe any differences in alternative transcripts expression in asthmatic
men with different promoter genotypes or in both sexes of
healthy patients.
CysLTR1 alternative transcripts correlations
We analyzed here correlations of CysLT1 alternative transcripts expression with different features of asthma such as
FEV1, PEF, exacerbations, episodes of acute infection, hospitalization for asthma, nocturnal dyspnoe and intake of
ICS, systemic GCS and LTRA in the whole asthmatic population. We observed weak but statistically significant
negative correlation of CysLT1 transcript I expression with
episodes of acute infection (R = - 0,52, pcor = 0.0009) (Figure 3). Relative expression of CysLT1 transcript II did not
correlate with any of studied asthmatic features.

Figure
asthma
CysLT1 with
transcript
2 two main
I/II relative
CYSLTR1
expression
haplotypes
ratio in women with
CysLT1 transcript I/II relative expression ratio in
women with asthma with two main CYSLTR1 haplotypes. Data are expressed as dots. Horizontal line represents mean. Asterisk indicates p < 0.05.

Alternative Transcripts-Haplotype-Phenotype Association
Study
We analyzed here if there are differences in CysLT1 splice
variants I and II expression in carriers of the same haplotypes between asthmatic patients and healthy controls
with subsequent sex stratification. Again, we took into
consideration two main haplotypes CAAC and TCGC. We
observed that relative expression of CysLT1 transcript II in
CAAC/CAAC homozygotic women with asthma (3.86 ±
1.06) was significantly lower than in CAAC/CAAC healthy
control females (14.48 ± 6.90) (pcor = 0.019) (Figure 4).

There were no differences in case of CysLT1 transcript I
expression in either of analyzed configurations.

asthma1 with
Figure
transcript
1 two main
I relative
CYSLTR1
expression
haplotypes
in women with
CysLT
CysLT1 transcript I relative expression in women
with asthma with two main CYSLTR1 haplotypes. Data
are expressed as dots. Horizontal line represents mean.
Asterisk indicates p < 0.05.

Correlation
the episodes
Figure
lation
3 ofofCysLT
acute 1infection
transcript
in Ithe
relative
wholeexpression
asthmatic with
popuCorrelation of CysLT1 transcript I relative expression
with the episodes of acute infection in the whole
asthmatic population. Spearman's rank correlation coefficient was R = - 0.52, pcor = 0.0009.

Discussion
Here we showed that there were no differences in CysLT1
alternative transcripts expression in the blood mononuclear cells between asthmatic patients and controls, when
they were evaluated as genetically homogeneous populations and without sex stratification. Figueroa et al found
that 20% of peripheral blood leukocytes showed the presence of CysLT1. These are cells of particular relevance to
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CysLTR
Figure
and
control
femalesII expression in CAAC/CAAC asthmatic
14transcript
CysLTR1 transcript II expression in CAAC/CAAC
asthmatic and control females. Data are expressed as
dots. Horizontal line represents mean. Asterisk indicates p <
0.05.

asthma and atopy, such as monocytes/macrophages, eosinophils, pregranulocytic CD34+ cells, neutrophils, and
subsets of B lymphocytes [33] and probably also T lymphocytes [17]. According to our best knowledge there has
been no data published comparing CysLT1 mRNA or
CysLT1 alternative transcripts expression in peripheral
blood mononuclear cells between asthmatic and healthy
subjects. There might be a few reasons of lack of differences in the overall CysLT1 mRNA expression at least in
the blood mononuclear cells. First of all, our patients were
in the stable period of the disease, without a trace of exacerbation in the moment of blood collection. Therefore,
inflammation might be present only locally in the bronchi, not in the peripheral blood, mainly because of the
persistent influx of inflammatory cells from the blood to
the bronchi. Zhu and colleagues found that there is an
increase of distinct inflammatory cells expressing the
CysLT1 receptor in the bronchial mucosa of mild asthmatic patients as compared to healthy subjects and further
increase when there is a severe exacerbation of asthma
[18]. However they did not analyze peripheral blood [18].
Nevertheless, it might also confirm our main hypothesis
of indirect promoter SNPs influence on CYSLTR1 gene
transcription and/or alternative splicing in a sex related
manner. This might further correlate with the level of
CysLT1 protein expression and finally with the disease
phenotype. Several lines of evidence support this hypothesis. First of all, we found that heterozygotic females
CAAC/TCGC with asthma had significantly lower expression of CysLT1 transcript I as compared to major female
asthmatic homozygotes CAAC/CAAC (Figure 1, 2). This
correlation was not observed in healthy women neither in
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asthmatic and healthy men. In our previous study on the
association of these CYSLTR1 promoter SNPs with severe
asthma [26] in the population of 93 severe asthmatics,
110 non-severe asthmatics and 100 healthy controls we
showed that heterozygotic CAAC/TCGC females with
severe asthma had significantly more episodes of infection per year, more exacerbations per year, more hospitalizations for asthma per year, and they used more ICS than
homozygotic female carriers of the main haplotype
CAAC/CAAC. However, we found no evidence on the
influence of these promoter SNPs on the gene expression
by means of reporter gene studies. Therefore, our current
findings might at least partially link this association with
the functional effects. Moreover, we showed here that
CysLT1 alternative transcripts expression might slightly
affect factors associated with the course of asthma. We
have observed the weak tendency that the more episodes
of acute respiratory infection per year in patients with
asthma (Figure 3) the lower expression of CysLT1 transcript I. However, the feeble distribution of data limits any
potential conclusions. Nevertheless, it could indicate on
the probability of impaired innate and afferent mechanisms of acquired immune response in patients with
asthma, probably through altered CysLT1 receptor expression [6]. CysLTs and their receptors were proven to be critical determinants of dendritic cells homing to regional
lymph nodes and the repertoire of cytokines required to
induce T cell responses [34,35]. It was shown that maturation of dendritic cells with LPS, a major endotoxin of
Gram-negative bacteria and a classic Toll-like receptor 4
agonist, reduced CysLT1 receptor expression by 50% [36].
Moreover, generation of leukotrienes from white blood
cells was enhanced during sepsis, and further increased
after stimulation but only in patients who survived this
massive infection [37]. This data might indicate the
importance of leukotrienes and their receptors not only in
the development of chronic inflammation in asthma but
also in episodes of acute respiratory infections, which are
one of the most important determinants of asthma exacerbations.
Episodes of acute respiratory infection in our study population by means of symptoms and reaction to antibiotic
treatment fulfilled the definition of bacterial infection.
The limitation of this definition is lack of exact evidence
on bacterial or viral involvement. On the other hand, it
has been proven that viral infections, like respiratory syncytial virus or parainfluenza virus, increase the level of
cysteinyl leukotrienes [38-40] and that antileukotriene
drugs alleviate symptoms of viral upper respiratory tract
infections [41,42]. The last but not least argument for our
initial hypothesis is that we have noticed that in CAAC/
CAAC women with asthma CysLT1 transcript II is differentially expressed as compared to CAAC/CAAC healthy control women (Figure 4). Together with our previous
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findings that promoter SNPs did not influence its basal
activity, these data might suggest that there are other factors e. g. splicing factors, sex hormones or the effects of
some inflammatory cytokines that influence the CYSLTR1
gene transcription and/or splicing. It stays in agreement
with primarily contradictory findings of our and other
groups. Minor alleles of CYSLTR1 promoter SNPs
increased [24,25] or decreased [22] or demonstrated no
influence on the CYSLTR1 basic promoter activity [26].
Nowadays, there is an emerging consensus suggesting that
splicing is in most cases initiated cotranscriptionally and
that introns are removed while the nascent transcript is
still tethered to the DNA [43]. Some transcriptional coregulators, brought to the promoters by transcription factors,
either harbor splicing activity e.g. hnRNP [44] or interact
with spliceosome components [45]. Inversely, some proteins like SKIP described initially as RNA-binding splicing
factors were later shown to be present at promoters and/
or to function as transcriptional regulators [46]. Four different mRNA CysLT1 transcripts were observed in human
cells, with the dominant expression of transcript I in both
unstimulated and IL-4 stimulated cells and far less abundant expression of transcript II. Transcript III and IV were
found only in THP1 cell lines. However, the role of alternative transcripts of CysLT1 receptor has not been elucidated [23]. They all form the same protein structure as the
coding region and ORF is included in the fifth exon,
present in each transcript. The putative CYSLTR1 promoter was found to contain two STAT6 consensus
response elements, GATA and AP1 binding sites [23].
Four analyzed here CYSLTR1 promoter SNPs do not
change any known transcription factor binding sites, but
they might influence on the splicing binding factors.
Altered ratio of main transcripts I and II might further
influence on the expression status of structurally
unchanged receptor protein, not only in blood leukocytes
but also in inflammatory infiltration of the bronchi. This
subsequently could correlate with the phenotype. Elevated expression of CysLT1 plays a role in asthma and its
exacerbation as shown Zhu et al [18]. Alternative splicing
of pre mRNA represents a widespread mechanism for
increasing variability of eukaryotic gene expression and
has been associated with human pathologies, such as cancer, Alzheimer's, amyotrophic lateral sclerosis, ataxia
teleangiectasia, cystic fibrosis, and other [47,48]. For
instance, non functional alpha subunit of the epithelial
sodium channel alternatively spliced forms have been
proposed to serve as negative regulatory components for
its activity in humans [49].
Finally, our previous and current data indicated the gender differences in cysteinyl leukotrienes and their receptors metabolic pathways. Female sex and a certain
haplotype might be a risk factor of the disease. Lack of the
TCGC haplotype effect on the CysLT1 alternative tran-
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scripts expression in both asthmatic and healthy men
might suggest an additional effect of sex hormones or
some behavioral/environmental differences. Recently, it
has been shown in the large European multi-centered
cohort of patients that severe asthma occurs four times
more often in women that in men [50]. Moreover, in
accordance of our observations very recently Pergola et al
showed higher expression of 5-LO, 15-H(P)ETE and CysLTs in stimulated whole blood and neutrophils in females
comparing to males accompanied with the differences in
5-LO cellular localization and trafficking [51]. These
effects were further abolished by male hormones testosterone and 5-α-dihydrotestosterone [51]. Moreover, it
has been shown that estradiol modulates the pulmonary
influx of inflammatory cells, increases generation of IL-4
and mediates mast cell degranulation [52] while progesterone upregulates IL-4 production [53]. All of these
effects might increase the number of cells with CysLT1
receptor in the bronchial mucosa of female subjects.
Expression of CYSLTR1 gene may be also affected by exposure to different proinflammatory cytokines. It has been
shown that CysLT1 may be upregulated in different cells
by proasthmatic cytokines such as IL-4, IL-5 and IL-13
[54] and the influence of analyzed haplotypes on gene
expression and alternative splicing may only be present
under specific inflammatory conditions.
In summary, still little is known about factors involved in
the processes of CYSLTR1 transcription, alternative splicing, and their influence on the final CysLT1 receptor protein expression and further correlation with the asthma
phenotype. However, our data suggest that indeed
CYSLTR1 gene might be implicated in asthma pathogenesis at least by differential expression of CysLT1 alternative
transcripts in various haplotypes and in sex-related manner, but the exact mechanisms remain to be clarified.

Conclusion
Genetic variants of CYSLTR1 promoter might be associated with gender specific expression of CysLT1 transcripts
in patients with asthma. CysLT1 splice variants expression
might also correlate with the susceptibility to infection in
asthmatic population.

Authors' contributions
MS participated in the study design, performed experiments, interpreted the data and wrote the manuscript.
KWN and KS performed experiments and drafted the
manuscript. AKB and RP contributed funding and materials to the study, helped to design the experiments, analyzed the data and critically revised the manuscript adding
important issues. MC enrolled patients to the study, participated in its design and coordination and helped to
draft the manuscript. All authors read and approved the
final manuscript.

Page 7 of 9
(page number not for citation purposes)

BMC Immunology 2009, 10:63

http://www.biomedcentral.com/1471-2172/10/63

Acknowledgements
This work was supported by the Medical University of Lodz grants 502-19686 and 503-0149-3 and Polish Government grants N N401 224834 and
N401 191 32/4009. Authors have no relationships to declare.

References
1.

2.
3.

4.
5.
6.
7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Chanez P, Wenzel SE, Anderson GP, Anto JM, Bel EH, Boulet LP,
Brightling CE, Busse WW, Castro M, Dahlen B, et al.: Severe
asthma in adults: what are the important questions? J Allergy
Clin Immunol 2007, 119(6):1337-1348.
Funk CD: Prostaglandins and leukotrienes: advances in
eicosanoid biology. Science 2001, 294(5548):1871-1875.
Lewis RA, Austen KF, Soberman RJ: Leukotrienes and other
products of the 5-lipoxygenase pathway. Biochemistry and
relation to pathobiology in human diseases. N Engl J Med 1990,
323(10):645-655.
Lam BK, Frank Austen K: Leukotriene C4 synthase. A pivotal
enzyme in the biosynthesis of the cysteinyl leukotrienes. Am
J Respir Crit Care Med 2000, 161(2 Pt 2):S16-19.
Hedqvist P, Dahlen SE, Gustafsson L, Hammarstrom S, Samuelsson B:
Biological profile of leukotrienes C4 and D4. Acta Physiol Scand
1980, 110(3):331-333.
Peters-Golden M, Canetti C, Mancuso P, Coffey MJ: Leukotrienes:
underappreciated mediators of innate immune responses. J
Immunol 2005, 174(2):589-594.
Kanaoka Y, Boyce JA: Cysteinyl leukotrienes and their receptors: cellular distribution and function in immune and
inflammatory responses. J Immunol 2004, 173(3):1503-1510.
Holgate ST, Peters-Golden M, Panettieri RA, Henderson WR Jr:
Roles of cysteinyl leukotrienes in airway inflammation,
smooth muscle function, and remodeling. J Allergy Clin Immunol
2003, 111(1 Suppl):S18-34. discussion S34-16
Lynch KR, O'Neill GP, Liu Q, Im DS, Sawyer N, Metters KM, Coulombe N, Abramovitz M, Figueroa DJ, Zeng Z, et al.: Characterization of the human cysteinyl leukotriene CysLT1 receptor.
Nature 1999, 399(6738):789-793.
Sarau HM, Ames RS, Chambers J, Ellis C, Elshourbagy N, Foley JJ,
Schmidt DB, Muccitelli RM, Jenkins O, Murdock PR, et al.: Identification, molecular cloning, expression, and characterization of
a cysteinyl leukotriene receptor.
Mol Pharmacol 1999,
56(3):657-663.
Heise CE, O'Dowd BF, Figueroa DJ, Sawyer N, Nguyen T, Im DS,
Stocco R, Bellefeuille JN, Abramovitz M, Cheng R, et al.: Characterization of the human cysteinyl leukotriene 2 receptor. J Biol
Chem 2000, 275(39):30531-30536.
Nothacker HP, Wang Z, Zhu Y, Reinscheid RK, Lin SH, Civelli O:
Molecular cloning and characterization of a second human
cysteinyl leukotriene receptor: discovery of a subtype selective agonist. Mol Pharmacol 2000, 58(6):1601-1608.
Takasaki J, Kamohara M, Matsumoto M, Saito T, Sugimoto T, Ohishi
T, Ishii H, Ota T, Nishikawa T, Kawai Y, et al.: The molecular characterization and tissue distribution of the human cysteinyl
leukotriene CysLT(2) receptor. Biochem Biophys Res Commun
2000, 274(2):316-322.
Ciana P, Fumagalli M, Trincavelli ML, Verderio C, Rosa P, Lecca D,
Ferrario S, Parravicini C, Capra V, Gelosa P, et al.: The orphan
receptor GPR17 identified as a new dual uracil nucleotides/
cysteinyl-leukotrienes
receptor.
Embo
J
2006,
25(19):4615-4627.
Woszczek G, Chen LY, Nagineni S, Kern S, Barb J, Munson PJ, Logun
C, Danner RL, Shelhamer JH: Leukotriene D(4) induces gene
expression in human monocytes through cysteinyl leukotriene type I receptor. J Allergy Clin Immunol 2008, 121(1):215-221.
Figueroa DJ, Breyer RM, Defoe SK, Kargman S, Daugherty BL, Waldburger K, Liu Q, Clements M, Zeng Z, O'Neill GP, et al.: Expression
of the cysteinyl leukotriene 1 receptor in normal human lung
and peripheral blood leukocytes. Am J Respir Crit Care Med 2001,
163(1):226-233.
Mita H, Hasegawa M, Saito H, Akiyama K: Levels of cysteinyl leukotriene receptor mRNA in human peripheral leucocytes:
significantly higher expression of cysteinyl leukotriene
receptor 2 mRNA in eosinophils. Clin Exp Allergy 2001,
31(11):1714-1723.
Zhu J, Qiu YS, Figueroa DJ, Bandi V, Galczenski H, Hamada K, Guntupalli KK, Evans JF, Jeffery PK: Localization and upregulation of

19.

20.
21.
22.

23.

24.

25.

26.

27.

28.

29.
30.

31.
32.
33.

34.

35.

36.

37.
38.

cysteinyl leukotriene-1 receptor in asthmatic bronchial
mucosa. Am J Respir Cell Mol Biol 2005, 33(6):531-540.
Klotsman M, York TP, Pillai SG, Vargas-Irwin C, Sharma SS, Oord EJ
van den, Anderson WH: Pharmacogenetics of the 5-lipoxygenase biosynthetic pathway and variable clinical response to
montelukast. Pharmacogenet Genomics 2007, 17(3):189-196.
Salvi SS, Krishna MT, Sampson AP, Holgate ST: The anti-inflammatory effects of leukotriene-modifying drugs and their use in
asthma. Chest 2001, 119(5):1533-1546.
Drazen JM, Silverman EK, Lee TH: Heterogeneity of therapeutic
responses in asthma. Br Med Bull 2000, 56(4):1054-1070.
Duroudier NP, Sayers I, Castagna CC, Fenech AG, Halapi E, Swan C,
Hall IP: Functional polymorphism and differential regulation
of CYSLTR1 transcription in human airway smooth muscle
and monocytes. Cell Biochem Biophys 2007, 47(1):119-130.
Woszczek G, Pawliczak R, Qi HY, Nagineni S, Alsaaty S, Logun C,
Shelhamer JH: Functional characterization of human cysteinyl
leukotriene 1 receptor gene structure. J Immunol 2005,
175(8):5152-5159.
Kim SH, Oh JM, Kim YS, Palmer LJ, Suh CH, Nahm DH, Park HS:
Cysteinyl leukotriene receptor 1 promoter polymorphism is
associated with aspirin-intolerant asthma in males. Clin Exp
Allergy 2006, 36(4):433-439.
Zhang J, Migita O, Koga M, Shibasaki M, Arinami T, Noguchi E: Determination of structure and transcriptional regulation of
CYSLTR1 and an association study with asthma and rhinitis.
Pediatr Allergy Immunol 2006, 17(4):242-249.
Sokolowska M, Wodz K, Cieslak M, Kowalski ML, Pawliczak R: Promoter polymorphisms of cysteinyl leukotriene type 1 receptor in patients with different asthma phenotypes [abstract].
In XX Word Allergy Congress Abstract Book: 2007; Bangkok, Thailand
WAO abstractbook; 2007.
Global Strategy for Asthma Management and Prevention,
Global Initiative for Asthma (GINA) 2008 [http://www.ginas
thma.org]. Date last updated: December 2008. Date last accessed:
March 2009
Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A,
Zuberbier T, Baena-Cagnani CE, Canonica GW, van Weel C, et al.:
Allergic Rhinitis and its Impact on Asthma (ARIA) 2008
update (in collaboration with the World Health Organization, GA(2)LEN and AllerGen).
Allergy 2008, 63(Suppl
86):8-160.
DeVault KR, Castell DO: Updated guidelines for the diagnosis
and treatment of gastroesophageal reflux disease. Am J Gastroenterol 2005, 100(1):190-200.
Pfaffl MW, Horgan GW, Dempfle L: Relative expression software
tool (REST) for group-wise comparison and statistical analysis of relative expression results in real-time PCR. Nucleic
Acids Res 2002, 30(9):e36.
Barrett JC, Fry B, Maller J, Daly MJ: Haploview: analysis and visualization of LD and haplotype maps. Bioinformatics 2005,
21(2):263-265.
Stephens M, Smith NJ, Donnelly P: A new statistical method for
haplotype reconstruction from population data. Am J Hum
Genet 2001, 68(4):978-989.
Figueroa DJ, Borish L, Baramki D, Philip G, Austin CP, Evans JF:
Expression of cysteinyl leukotriene synthetic and signalling
proteins in inflammatory cells in active seasonal allergic
rhinitis. Clin Exp Allergy 2003, 33(10):1380-1388.
Robbiani DF, Finch RA, Jager D, Muller WA, Sartorelli AC, Randolph
GJ: The leukotriene C(4) transporter MRP1 regulates CCL19
(MIP-3beta, ELC)-dependent mobilization of dendritic cells
to lymph nodes. Cell 2000, 103(5):757-768.
Machida I, Matsuse H, Kondo Y, Kawano T, Saeki S, Tomari S, Obase
Y, Fukushima C, Kohno S: Cysteinyl leukotrienes regulate dendritic cell functions in a murine model of asthma. J Immunol
2004, 172(3):1833-1838.
Thivierge M, Stankova J, Rola-Pleszczynski M: Toll-like receptor
agonists differentially regulate cysteinyl-leukotriene receptor 1 expression and function in human dendritic cells. J
Allergy Clin Immunol 2006, 117(5):1155-1162.
Baenkler M, Leykauf M, John S: Functional analysis of eicosanoids
from white blood cells in sepsis and SIRS. J Physiol Pharmacol
2006, 57(Suppl 12):25-33.
Kott KS, Salt BH, McDonald RJ, Jhawar S, Bric JM, Joad JP: Effect of
secondhand cigarette smoke, RSV bronchiolitis and parental

Page 8 of 9
(page number not for citation purposes)

BMC Immunology 2009, 10:63

39.

40.

41.
42.
43.
44.

45.

46.
47.
48.
49.

50.

51.

52.

53.

54.

asthma on urinary cysteinyl LTE4. Pediatr Pulmonol 2008,
43(8):760-766.
Fullmer JJ, Khan AM, Elidemir O, Chiappetta C, Stark JM, Colasurdo
GN: Role of cysteinyl leukotrienes in airway inflammation
and responsiveness following RSV infection in BALB/c mice.
Pediatr Allergy Immunol 2005, 16(7):593-601.
Matsuse H, Kondo Y, Saeki S, Nakata H, Fukushima C, Mizuta Y,
Kohno S: Naturally occurring parainfluenza virus 3 infection
in adults induces mild exacerbation of asthma associated
with increased sputum concentrations of cysteinyl leukotrienes. Int Arch Allergy Immunol 2005, 138(3):267-272.
Bisgaard H: A randomized trial of montelukast in respiratory
syncytial virus postbronchiolitis. Am J Respir Crit Care Med 2003,
167(3):379-383.
Fitzgerald DA, Mellis CM: Leukotriene receptor antagonists in
virus-induced wheezing: evidence to date. Treat Respir Med
2006, 5(6):407-417.
Neugebauer KM: On the importance of being co-transcriptional. J Cell Sci 2002, 115(Pt 20):3865-3871.
Expert-Bezancon A, Le Caer JP, Marie J: Heterogeneous nuclear
ribonucleoprotein (hnRNP) K is a component of an intronic
splicing enhancer complex that activates the splicing of the
alternative exon 6A from chicken beta-tropomyosin premRNA. J Biol Chem 2002, 277(19):16614-16623.
Young JI, Hong EP, Castle JC, Crespo-Barreto J, Bowman AB, Rose
MF, Kang D, Richman R, Johnson JM, Berget S, et al.: Regulation of
RNA splicing by the methylation-dependent transcriptional
repressor methyl-CpG binding protein 2. Proc Natl Acad Sci USA
2005, 102(49):17551-17558.
Bres V, Gomes N, Pickle L, Jones KA: A human splicing factor,
SKIP, associates with P-TEFb and enhances transcription
elongation by HIV-1 Tat. Genes Dev 2005, 19(10):1211-1226.
Garcia-Blanco MA, Baraniak AP, Lasda EL: Alternative splicing in
disease and therapy. Nat Biotechnol 2004, 22(5):535-546.
Caceres JF, Kornblihtt AR: Alternative splicing: multiple control
mechanisms and involvement in human disease. Trends Genet
2002, 18(4):186-193.
Tucker JK, Tamba K, Lee YJ, Shen LL, Warnock DG, Oh Y: Cloning
and functional studies of splice variants of the alpha-subunit
of the amiloride-sensitive Na+ channel. Am J Physiol 1998,
274:C1081-1089.
The ENFUMOSA cross-sectional European multicentre
study of the clinical phenotype of chronic severe asthma.
European Network for Understanding Mechanisms of
Severe Asthma. Eur Respir J 2003, 22(3):470-477.
Pergola C, Dodt G, Rossi A, Neunhoeffer E, Lawrenz B, Northoff H,
Samuelsson B, Radmark O, Sautebin L, Werz O: ERK-mediated
regulation of leukotriene biosynthesis by androgens: a
molecular basis for gender differences in inflammation and
asthma. Proc Natl Acad Sci USA 2008, 105(50):19881-19886.
de Oliveira AP, Domingos HV, Cavriani G, Damazo AS, Dos Santos
Franco AL, Oliani SM, Oliveira-Filho RM, Vargaftig BB, de Lima WT:
Cellular recruitment and cytokine generation in a rat model
of allergic lung inflammation are differentially modulated by
progesterone and estradiol. Am J Physiol Cell Physiol 2007,
293(3):C1120-1128.
Piccinni MP, Giudizi MG, Biagiotti R, Beloni L, Giannarini L, Sampognaro S, Parronchi P, Manetti R, Annunziato F, Livi C, et al.: Progesterone favors the development of human T helper cells
producing Th2-type cytokines and promotes both IL-4 production and membrane CD30 expression in established Th1
cell clones. J Immunol 1995, 155(1):128-133.
Capra V, Thompson MD, Sala A, Cole DE, Folco G, Rovati GE:
Cysteinyl-leukotrienes and their receptors in asthma and
other inflammatory diseases: critical update and emerging
trends. Med Res Rev 2007, 27(4):469-527.

http://www.biomedcentral.com/1471-2172/10/63

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9
(page number not for citation purposes)

