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Neuronal nitric oxide synthase gene polymorphism and
IgE-mediated allergy in the Central European population

Background: Several findings suggest that nitric oxide (NO) plays a significant
role in the regulation of the Th1/Th2 balance and contributes to the develop-
ment of allergic diseases. Our study investigates a possible association of C/T
transition located 276-bp downstream from the translation termination site in
exon 29 of the human nitric oxide synthase type 1 (NVOSI) gene with immuno-
globulin E (IgE)-mediated allergic diseases in the Czech population.

Methods: The study included 688 subjects — 368 patients with clinically mani-
fested allergic diseases and 320 unrelated controls with negative familial history
of asthma/atopy. The NOSI genotypes were determined by polymerase chain
reaction (PCR) and restriction analysis by Eco721.

Results: No significant differences were found for allele or genotype frequencies
of the 5266 C/T polymorphism in exon 29 of the NOSI gene between IgE-
mediated allergic diseases (or asthma alone) and healthy subjects. However, this
common polymorphism showed a significant association with signs of atopy,
especially with total serum IgE levels [log. IgE levels (mean + SD): CC geno-
type = 4.34 = 1.40; CT genotype = 4.58 £ 1.53; TT genotype = 5.01 £ 1.61;
P < 0.05).

Conclusions: Our findings suggest that NOS/ gene may participate in the path-
ogenesis of high total serum IgE levels in allergic diseases in our population.
These findings provide support for NOS! as a candidate gene for IgE-mediated
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An increase in the prevalence of allergic diseases has been
reported from different countries of the world during the
last decades. Atopic diseases, such as allergic asthma,
allergic rhinitis, and atopic eczema/dermatitis syndrome
(AEDS), are considered to be multifactorial inflamma-
tory disorders involving complex interactions between
genetic and environmental factors (1, 2). Although the
environmental factors play important roles in the devel-
opment of atopy, there is a strong genetic predisposition
in allergic subjects. A number of candidate genes have
been proposed and many regions have been identified
which show evidence for linkage to asthma and atopy,
and a number of these have been replicated in independ-
ent populations (3-6). Among the variety of other loci,
the gene for nitric oxide synthase type 1 or neuronal form
NOS (NOSI) on chromosome 12ql14-24.2 could be
considered as a candidate gene (4-6).

The NOS belong to a group of enzymes, the NOS, that
catalyse oxidation of L-arginine to form L-citrulline and
NO. All three types are expressed in bronchial airways (7)
or nasal mucosa (8) and levels of NO have been found to
be elevated in expired gas of most asthmatics (9—10). The
NO has several key effects on airways, i.e. it is important
in host defence and has toxic effect on microorganisms
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(bacteria, viruses etc.), it may increase mucus secretion
and acts as potent vasodilator. Barnes and Liew (11)
suggested that activation of the NOS system is the
initiating step of allergic diseases via inhibition of Thl
cells by NO. In addition, significant correlations were
found between exhaled NO levels and number of blood
eosinophils (12). Production of NO by NOSI mediates
nonadrenergic noncholinergic (NANC) neuronal inhibi-
tory responses and acts as an inhibitory mechanism to
cholinergic bronchoconstriction in airways (13).

Among the three known isoforms of NOS, namely
NOSI1 (neuronal NOS or nNOS), NOS2 (inducible NOS
or iNOS) and NOS3 (endothelial NOS or eNOS), only
NOSI is encoded on chromosome 12 (14). The import-
ance of NOSI as an isoform involved in NO homeostasis
was demonstrated in mice lacking a functional nos/ gene.
These mice had significantly lower fraction of exhaled NO
levels than wild-type mice and were hyporesponsive to
methacholine challenge (15).

The human NOS!/ gene is a single copy gene
comprising 29 exons spanning 160 kb (14) and a
number of polymorphisms were described in different
parts of this gene. Dinucleotide (dC-dA), repeats were
detected in the 5-flanking region of exon 1, in the



intron 2, and within exon 29. One trinucleotide (AAT),
repeat was found in intron 20, and three common single
nucleotide polymorphisms were detected in exon 18, exon
22, and exon 29 (14, 16, 17). Several of these variants had
been previously associated with diagnosis of asthma in a
Caucasian population (16, 18-20) or with high levels of
immunoglobulin E (IgE, 21), as well as with exhaled levels
of NO in patients with asthma (22, 23).

In this study, we investigated a possible association of
the single nucleotide polymorphism (SNP) with C/T
transition located 276 bp downstream of the translation
termination site (C52667T) in exon 29 of the human NOS1
gene with IgE-mediated allergic diseases in the Czech
population (homogenous Central European Caucasians).
Therefore, the aim of our study was to determine whether
the reported association with asthma in other populations
occurs also in Czech allergic patients. Next, this study
aimed to clarify whether the NOS/ gene polymorphism is
associated with intermediary phenotypes of allergy, such
as serum IgE levels.

Materials and methods
Study population

The DNA was obtained from Caucasian subjects (n = 688) of
exclusively Czech nationality. All subjects were selected using de-
tailed questionnaire modified according to the American Thoracic
Society respiratory questionnaire (24) regarding lifetime symptoms
suggestive of asthma, rhinoconjunctivitis and atopic eczema exten-
ded with additional questions on symptoms and therapy as well as
on other diseases.

A total of 368 patients with clinically manifested IgE-mediated
allergic diseases [IgE-mediated asthma and/or rhinitis and IgE-
associated AEDS, 164 men and 204 women, aged 27.5 + 11.7 years
(mean = SD)] were studied. The control group consisted of 320
unrelated age—gender selected subjects (163 men and 157 women),
aged 37.9 £ 16.5 years without symptoms of any lung, skin, and
cardiovascular disease. They had no clinical evidence of personal or
familial allergic diseases.

Asthma was defined by using the questionnaire together with a
physician’s diagnosis of asthma, according to the Global Initiative
on Asthma (GINA) criteria (25). The diagnosis of allergic rhinitis
was based on the coordination between a typical history of allergic
symptoms of either perennial or seasonal rhinitis and diagnostic test
for IgE-mediated allergy (26). The AEDS was defined according to
the diagnostic criteria for atopic eczema initially proposed by
Hanifin and Rajka (27).

The IgE-mediated allergy was recognized by specific IgE
(>0.35 kU/l) and/or a positive skin prick test to one or more
allergens as described previously (28-29).

All subjects gave written informed consent to participation in
the study, which was approved by the Committee for the Ethics
of Medical Experiment on Human Subjects, Medical Faculty,
Masaryk University, Brno.

Genotype identification

The genomic DNA was isolated from peripheral blood leucocytes
by a standard method using proteinase K digestion of cells.

NOSTI polymorphism and allergy

Detection of the C/T transition located 276-bp downstream from
the translation termination site (C5266T) in exon 29 of the human
NOST gene

The C/T polymorphism was detected using a modification of the
method described previously (30). A 128-bp polymerase chain reac-
tion (PCR) product was generated using primers 5'-ACTCCTTGA-
GTTTTCCTGCTGCGATG-3’ and 5-CCATGTTCCAGTGGTT-
TCATGCACAC-3'. The authors introduced a mismatched base into
one of the primers (underlined) in order to introduce a restriction site
for Eco72l enzyme into the PCR product when the C allele was pre-
sent. The PCR products were digested with Eco72I at 37°C and then
electrophoresed on 3% agarose gels stained with ethidium bromide.
The homozygous T allele of the NOSI gene appears as one 128-bp
band and the homozygous C allele as 100 and 28-bp fragments.
Heterozygotes exhibited all bands: 128, 100, and 28-bp.

Statistical analysis

Allele frequencies were calculated from the observed numbers of
genotypes. The significance of differences in allelic frequencies be-
tween each two groups was determined by the Fisher’s exact test.
Chi-square analysis was used to test for a deviation of genotype
distribution from Hardy—Weinberg equilibrium and for a compar-
ison of differences in genotype combinations among groups. A
nonparametric ANOVA (Kruskall-Wallis) was used to assess phen-
otypic differences in total IgE levels between the carriers of different
genotypes of the NOSI. Contingency table analysis, odds ratio
(OR), 95% confidence intervals (CI), and significance values were
estimated with the use of the programme package Statistica v. 3.0
(StatSoft Inc., Tulsa, OK). Corrections for multiple comparisons
(Bonferonni method) were performed and only the values of P,,,,
(=P corrected) <0.05 were considered to be significant.

Results

The NOSI genotype distributions and allele frequencies
in the study groups are shown in Table 1. They were in
Hardy—Weinberg equilibrium, both within each group
and in the population as a whole. The distribution of
alleles in the control group was similar to that previously
reported in control subjects from other Caucasian pop-
ulation (16). We found no significant differences in the
distribution of C/T alleles or genotypes among subjects
both in the allergic diseases group (C/T: 73.1/26.9%)
and in the IgE-mediated allergic asthmatic subgroup

Table 1. Genotype and allele frequencies of C/T in exon 29 of the NOST gene in
patients with immunoglobulin E (IgE)}-mediated allergic diseases (or asthma alone)
and controls

Allele

Genotypes™ frequencies™

C/T polymorphism in exon 29 CC (%) CT (%) TT (%) C T

Control subjects (n = 320) 174 (54.38) 120 (37.50) 26 (8.13) 0.731 0.269
All allergic diseases (n = 368) 202 (54.89) 134 (36.41) 32 (8.70) 0.731 0.269
IgE-mediated asthma (n = 150) 83 (55.33) 56 (37.33) 11 (7.33) 0.740 0.260

* No significant differences were observed between the tested groups.
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Table 2. Association between C/T polymorphism in the exon 29 of the NOST gene
and total serum immunoglobulin E (IgE) levels in allergic patients

C/T polymoarphism in exon 29 of the NOST gene

Genotypes
Serum IgE levels (IU/ml) CC (%) CT (%) TT (%)
Total IgkE < 151 129 (59.72) 73 (33.80) 14 (6.48)
Total IgE > 150 71 (47.65) 61 (40.94) 17 (11.47)
T allele OR = 2.08 (95% Cl: 1.52-2.85)
P<0.01

OR, odds ratio; Cl, confidence interval.

(C/T: 74.0/26.0%) compared with healthy controls (C/T:
73.1/26.9%).

However, this common polymorphism showed a signi-
ficant association with signs of atopy, especially with total
serum IgE levels. The effect of this polymorphism on total
serum IgE level was highest in TT homozygotes [log, IgE
levels (mean + SD): 5.01 + 1.61], intermediate in
heterozygotes (4.58 + 1.53), and lowest in wild-type
homozygotes (4.34 + 1.40) with significance P < 0.05.

In further analysis, when atopic persons exhibiting
total serum IgE levels below 150 TU/ml were compared
with those having levels above 150 IU/ml, the T allele
(TT and CT genotypes) was significantly associated with
high total serum IgE levels (OR = 2.08, 95% CI: 1.52—
2.85, P < 0.01; Table 2).

Finally, there were no significant associations among the
NOS] alleles and/or genotypes and other quantitative traits
investigated in our study, including pulmonary function
tests [forced expiratory volume in first second (FEV;)/
functional vital capacity (FVC); % FEV,/FVC, the
Tiffenau test] or selected specific IgE levels (data not shown).

Conclusions

Asthma and allergy have been described as complex traits
for which genetic predisposition is essential in disease
aetiology, but not fully understood, largely because of the
myriad potential phenotypes (e.g. IgE levels, specific
allergic sensitization, disease severity). Genome-wide
screening for susceptibility to allergy has highlighted several
candidate regions so far, including chromosome 12q15—
24.2 (4-6). Evidence of linkage to asthma has been estab-
lished in distinct Caucasian populations (6, 31), in Hispanic
(31), and in an Afro-Caribbean population (5). This region
has also been linked to total serum IgE in the Amish (5),ina
Caucasian population distinct from those noted above for
linkage in asthma (32), and in Afro-Caribbeans (5).

A number of association studies over the last several
years have assessed the effect of the NOSI gene poly-
morphisms in allergic diseases (16, 18-23). In one of
them, Grasemann et al. (16) suggest that more frequent
NOS1 5266C allele was associated with asthma in a
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Caucasian population. In contrast to their findings, we
observed no difference of the NOSI 5266C/T genotypes
between asthmatic (or allergic) patients and control
subjects in our Czech Caucasian population. Conversely,
in our population NOS1I 5266 T allele was associated with
high total serum IgE levels. Our observation indicating
the involvement of the NOSI gene in intermediary
phenotype of the IgE-mediated allergic diseases is con-
sistent with the report of Immervoll and coworkers (21),
who have found an association of a C5266C/T poly-
morphism NOS! on 12q24 with total serum IgE levels in
a German population. For assessing polymorphism the
question concerning its possible functional significance is
highly essential. This variant, however, is located in the
3’-untranslated region (3’-UTR) of exon 29, and does not
result in amino acid substitution. Generally, it is assumed
that a noncoding alteration may affect splicing, tran-
scription, the efficiency of translation, as well as mRNA
transcript generation, stability, processing or subcellular
targeting. Previously it has been shown that 3’-UTR of
exon 29 affects the size of NOS1 mRNA (14, 33) and thus
this polymorphism could affect the function of NOSI
gene via NOS1 mRNA diversity (34). Alternatively, this
polymorphism might be in linkage disequilibrium with
other truly causative allele elsewhere. Genetic suscepti-
bility to asthma and other IgE-mediated allergic diseases
is complex and heterogeneous and it probably involves
several genes, perhaps each contributing with a small
increment. Inconsistencies between the genotype—pheno-
type association studies may be attributable to the
presence of several confounding factors, such as pheno-
typic differences between cases, differences in genetic
backgrounds or environmental exposures.

The results of this study and of our previous association
studies (35, 36) for asthma/atopy-susceptibility loci sug-
gest that genes coding NO synthases could be involved in
aetiopathogenesis of allergic diseases such as asthma and/
or their intermediary phenotypes in the Czech population.
In summary, although the results of several previous
studies indicated that specific variants of the NOSI gene
might be associated with asthma (16, 18-20), the result of
our study suggests that the C/T polymorphism in exon 29
of the NOSI gene is likely to contribute to intermediary
phenotype of allergic diseases in the Czech population.
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