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Background. Asthma is a common childhood respiratory disease, affecting around 20% of
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Irish children. In other populations, vitamin D receptor (VDR) polymorphisms have been
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biomarkers associated with asthma risk. We aimed to investigate the association between 2 VDR poly-
morphisms and uncontrolled paediatric asthma. Methods. 44 asthmatic children and 57
Corresponding author healthy volunteers were studied. The VDR Taql gene variant in exon 9 (T/C) (r731236)
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and Apal (rs7975232) in intron 8 (C/T) were determined, using TagMan® Assays. The lung
Sfunction, serum 25-hydroxyvitamin D (250HD) levels and other biomarkers of allergy, im-
munity, airway and systemic inflammation were assessed. Results. The distribution of T and
C alleles and genotype frequencies differed significantly between asthmatics and controls for
both polymorphisms (p < 0.05). A significant association was found between both Taql (OR
=237, 95% CI (1.27 - 4.45), p = 0.007) and Apal polymorphisms, and asthma risk (OR
Doi =293, 95% CI (1.62 - 5.3), p = 0.0004). No association was observed between genotypes
10.23822/EurAnnACI.1764-1489.46 and 250HD levels, lung function and other biomarkers, with the exception of Interleukin-10
(IL-10) and white blood cells count (WBC). IL-10 levels were lower in asthmatics with TC
genotype for Tagl polymorphism (p < 0.01) and were higher in patients with TT genotype for
Apal (p < 0.01). WBC were higher in patients with TC and CC genotypes for Tagl (p < 0.05)
and lower in TT genotype for Apal (p < 0.05). Conclusion. Tagl and Apal polymorphisms
are associated with asthma in Irish children. Further studies are warranted to investigate the
importance of decreased IL-10 levels in paediatric asthmatics with specific genotypes.

D might influence the regulation of adaptive and innate immune
functions, and the proliferation and differentiation of many cell
types (4), and it may influence airway remodelling (5).

Vitamin D deficiency (VDD) is common worldwide, particularly
in children (6,7), and several medical conditions are associated with

Introduction

Asthma is a chronic heterogeneous respiratory disease with both
genetic and environmental components. It is the most common
chronic disease in Ireland, affecting about 20% of children. Vi-

tamin D receptor (VDR) polymorphisms are associated with
asthma and allergy susceptibility (1,2). VDR is widely expressed
in human lungs throughout the full epithelial layer, as is 1a-hy-
droxylase (3), which is responsible for the formation of the active
vitamin D metabolite, 1a-calcitriol (1,25(OH),D,). Vitamin

low serum levels of 25-hydroxyvitamin D (250HD), including
asthma (8,9). It remains controversial whether vitamin D supple-
mentation, which is broadly recommended for bone health, has
significant effects in children with asthma. In our recent study of
Vitamin D supplementation in paediatric asthma in Ireland, 50%
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of the children were vitamin D deficient 250HD levels < 50 nmo-
I/L) (10), but Vitamin D supplementation led to improved asth-
ma control only in selected children, suggesting that VDR genetic
variants may influence the effects of Vitamin D on the asthmatic
airway. Some children who did well during the study have low vi-
tamin D levels at the baseline, and some have high (250HD levels
> 50 nmol/L), but only 44% of patients achieved 250HD levels
over 100 nmol/L after supplementation. We used blood samples
from the study mentioned above (10) for our genetic investigations.
The VDR binds to its ligand 10,,25(OH),D.,. It belongs to the
nuclear receptors family of trans-acting transcriptional regula-
tory factors and it shows a sequence similarity to the thyroid’s
and steroids’ hormone receptors. The VDR gene is known as a
pleiotropic gene, and is associated with numerous conditions
- such as autoimmune, inflammatory, and allergic diseases, in-
cluding asthma. The gene maps to chromosome 12q13.11 (11),
contains nine exons with at least six isoforms of exon 1, encodes
a 427 amino acid protein.

Han et al. suggested that VDR polymorphisms, rather than vi-
tamin D levels, could be developed as biomarkers for asthma
susceptibility (12). The association between genetic variants of
VDR and paediatric asthma has been studied in different ethnic
groups (13-16). Over 900 genes may be transcribed by VDR
(17,18). Jolliffe et al. suggested that variation in VDR might
prove a more important determinant of the expression of diseas-
es like asthma than circulating 250HD (19).

Several single nucleotide polymorphisms (SNPs) in the VDR
gene have been discovered, including Apal and Tagl, which are
named after the corresponding restriction enzymes used in re-
striction fragment length polymorphism (RFLP) analysis.

In this pilot study we aimed, first, to determine the VDR gene
variants Taql in exon 9 (T/C) and Apal in intron 8 (C/T) in
symptomatic paediatric asthmatics, and in healthy volunteers
in Ireland; secondly, to investigate the impact of these polymor-
phisms in asthma susceptibility in relation to lung function,
250HD, and other indices; and finally, to examine the possibility
of using these polymorphisms as potential biomarkers for asthma.

Methods

The study was carried out at the National Children’s Hospi-
tal, Tallaght, James Connolly Memorial Hospital Dublin, and
Biomnis Ireland (Dublin, latitude, 53°N) after receiving insti-
tutional review board approval from both hospitals, and having
obtained consent from parents, guardians and the healthy adults
who were involved.

Subjects and study design

Asthmatic children were recruited from paediatric respiratory
out-patient clinics for a vitamin D supplementation study (the tri-

al was registered at ClinicalTrials.gov. Identifier: NCT02428322)
(10). Our 44 subjects were Caucasian, aged 6-16, and established
on anti-asthmatic medication with previous diagnosis of un-
controlled asthma according to the Global Initiative for Asthma
2011 guidelines (20). The healthy 57 subjects had no personal or
family history of asthma or other respiratory illnesses, or bone,
articular, renal or any other chronic diseases. Controls (healthy
subjects) were recruited for this study of VDR. We examined two
RFLPs in the VDR gene in both groups. We also studied the re-
lationship between the polymorphisms and different biomarkers
and subjective and objective asthma parameters in a cohort of
asthmatic children. All these patients were known uncontrolled
asthmatics on established anti-asthma therapy. A clinical nurse
specialist assessed adherence to anti-asthma medication. Spirom-
etry was carried out according to the American Thoracic Society
/ European Respiratory Society, with the spirometry module of
the V-max Encore System (Carefusion). Results were presented as
a percentage of predicted values (21). Subjective asthma control
and quality of life scores were calculated. They combine the Glob-
al Initiative for Asthma score (GINA), the Childhood Asthma
Control Test (C-ACT), and the Paediatric Asthma Quality of Life
Questionnaire (PAQLQ).

Statistical analysis

Allele and genotype frequencies were calculated by direct count-
ing. The %2 and (when the expected count was lower than 5)
Fisher’s exact tests were used to compare frequencies between
cases and controls, and also for Hardy-Weinberg equilibrium
determination. In investigating genotypic associations, odd ra-
tios (OR) were reported for the allelic distribution. For group
comparisons for biomarkers we used the t-test and Kruskal-Wal-
lis test. Mean for biomarkers’ values of genotypes in groups were
compared with one-way ANOVA and Tukey’s multiple compar-
isons test. P value < 0.05 counts as significant. We used Graph-
Pad Prism 5, Version 5.01 software.

Laboratory Methods

Biochemistry and FBCs

Venous blood was collected into BD Vacutainer tubes® con-
taining EDTA and no additive. Whole blood with EDTA was
analysed for full blood count (FBC) using an automated analy-
ser Sysmex XE-2100D (Sysmex America, Mundelein, IL 60060
USA) on the day of collection, and samples were kept for DNA
extraction. Additional blood in non-gel serum tubes was centri-
fuged at 4000 RCEF for 10 minutes, aliquoted, and frozen to -80
°C until further analysis.

Total serum 250HD levels were analysed on Abbott Architect
ci8200 (Abbott Laboratories, Abbott Park, Illinois, USA) using
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chemiluminescent microparticle immunoassay (CMIA) meth-
od with between-run and within-run CVs < 6%. The assay is
VDSP (Vitamin D Standardisation Programme) certified. It
successfully passed the performance criterion of + 5% mean
bias of the Centres of Disease Control (CDC) and University of
Ghent Vitamin D2 and D3 Reference Method with an overall
imprecision of < 10% over the concentration range of 22-275
nmol/L for total 250HD.

We divided 250HD levels into two groups, based on the most
up-to-date Institute of Medicine recommendations, according
to which < 50 nmol/L indicates VDD and > 50 nmol/L indi-
cates vitamin D sufficiency (VDS).

Serum concentrations of intact parathyroid hormone (PTH),
albumin, total calcium, alkaline phosphatases, phosphate, total
IgE, immunoglobulin A, and high sensitivity C reactive protein
(hsCRP) were measured, using commercially available diagnos-
tic kits on the automated analyser Abbott Architect ci8200. The
between-run and within-run CVs for these assays ranged be-
tween 1% and 6%.

Eosinophil cationic protein (ECP) was analysed on the Phad-
ia 250, using fluorescent enzymeimmunoassays (ImmunoCAP
Technology) with a between-run CV < 7% and minimum de-
tectable level of 2 ug/L (normal range: 11.1- 13.3 ug/L).
Serum levels of Interleukin-10 (IL-10) and CAMP (catheli-
cidin antimicrobial peptide) were determined by human en-
zyme-linked immunosorbent assay method (ELISA kit assays,
Damastown, Dublin 15), with intra- and interassay CV < 8%.
All assays were analysed with kits of the same lot number.

Genotyping of Taql and Apal polymorphisms

DNA isolation was performed on Maxwell 16 System (Promega
Corporation, Madison, W1, USA). The outcome of this technique
was high molecular weight DNA (> 20kb) that had no traces of
RNA contamination and had a 260/280 absorbance ratio > 1.7.
The isolated DNA was stored at -20 °C unitil required for analysis.
Based on a candidate gene approach, we selected two SNPs of
the VDR gene, which have a functional impact on gene ex-
pression and function. Both polymorphisms have been widely
studied in different populations in relation to various medical
conditions, including asthma (1,2,13-15).

Genotyping of Taql (rs731236, assay number C_2404008_10)
and of Apal (rs7975232, assay number C_28977635_10) was
petformed using TagMan® SNP Genotyping Assay. Real Time
PCR was carried out using 5 pl TagMan® Genotyping Mas-
ter Mix, 0.25 pl TagMan® SNP Genotyping Assay (TagMan
probes) (40x), 3.75 pl Dnase Free Water and 1 pl DNA (1-10
ng). The final reaction volume was 10 pl. The thermal condi-
tions of Real Time PCR were: initial denaturing at 95 °C for 10
min; 40 cycles of 95 °C for 15 sec (denaturing) and 60 °C for 1
min (annealing / extension). Approximately 20% of the samples
from the first run were selected randomly for confirmation of

the results, and 100% of them matched. The genotyping success
rates for two SNPs were > 99%.

SDS 2.3 software was used for allelic discrimination (Applied
Biosystems).

All the materials were used in the TagMan® SNP Genotyping
Assay (ABI), in compliance with the manufacturer’s instructions
and with information supplied on the Applied Biosystems web-
site http://www.appliedbiosystems.com.

The laboratory where the analyses were performed is accredited
against ISO 15189.

Results

44 uncontrolled paediatric asthmatics (23 male, mean 8.7 years,
mean BMI 19.9 kg/m?) completed all baseline measures. Their
asthma was uncontrolled, based on poor symptom control, and
was assessed by the Childhood Asthma Control Test (C-ACT).
The median GINA score was 3 with a minimum of 1 and max-
imum of 5. 100 per cent of patients were on inhaled cortico-
steroids. More detailed clinical information for the patients has
been provided in our previous paper (10). Mean 250HD was
51 nmol/l (range: 24-80 nmol/l) and 22 children were VDD,
while the other 22 were VDS. 250HD levels and lung func-
tion parameters (FEV, and FVC%) were significantly higher in
VDS vs. VDD patients (p < 0.001 and p = 0.03, respectively)
(table 1). Subjective asthma parameters and biomarkers, such as
C-ACT, PAQLQ, ECP and hsCRP did not show any significant
difference. IgE was an exception (figure 1). Consistent with

Figure 1 - Average of Total IgE level in VDS and VDD groups of
44 uncontrolled asthmatic children according to 250HD levels of
< 50 and > 50 nmol/L (¥ = 0.18, p = 0.0046™).
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Figure 2 - Relationship between serum 250HD levels and serum
total IgE (¥ = 0.12, p = 0.023%) in 44 uncontrolled asthmatic
children.

Figure 4 - Average WBC levels in uncontrolled asthmatic children
according to Apal genotypes. (Tukeys Multiple Comparison Test:
TT vs CC, p < 0.05%).
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previous reports, negative correlation was found between IgE
and 250HD levels (p = 0.023) in all patients studied (figure 2).
We found that the distribution of T and C alleles and genotype
frequencies varied significantly between asthmatics and controls
for both polymorphisms (p < 0.05) (table 2, 3). The alleles’
frequencies were significantly different, as shown by 37% prev-
alence of C allele (Taql) and 52% prevalence of T allele (Apal)
in asthmatic patients, versus 20% and 26% in the controls (p
= 0.007, p = 0.0004). Children carrying the C allele for Tagl

Figure 3 - Average WBC levels in uncontrolled asthmatic children
according to Taql genotypes. (Tukeys Multiple Comparison Test:
TT vs TC and for TT vs CC, p < 0.05%).
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are 2.37 times more likely to develop asthma (OR = 2.37, 95%
CI (1.27-4.45)) and children carrying the risk T allele for Apal
are 2.93 times more susceptible for asthma development (OR =
2.93,95% CI (1.62-5.3)) than healthy individuals.

Both cases and controls were in Hardy-Weinberg equilibrium
for both Apal and Taql: p > 0.2 in three analyses, with the ex-
ception for Tagl in healthy individuals. The two SNPs were in
linkage disequilibrium in cases (D = 1.000, r* = 0.633) but not
in controls (D = 0.596, r* = 0.25). Apal C allele was linked to
Tagl C, and Apal T to Taql T in asthmatic children.

In relation to polymorphisms study in uncontrolled asthmatics,
we found no association between genotypes and lung function,
serum 250HD levels and other biomarkers, including IgE,
ECP, CAMP and hsCRP - except IL-10 and white blood cells
count (WBC). IL-10 levels were significantly low in asthmatics
with TC genotype for Taql (p < 0.003) and significantly high in
patients with T'T genotype for Apal polymorphism (p < 0.005)
(tables 4, 5). WBC was significantly high in patients with TC
and CC genotypes for Taql and significantly low in TT gen-
otype for Apal (figure 3, 4). There was a trend toward great-
er Neutrophils count, respectively (p = 0.05) for Taql, and (p
= 0.08) for patients with CC genotype for Apal. Only two of
our children were obese (BMI > 30 kg/m?). Both children were
VDD at the baseline. After supplementation, an improvement
in asthma condition was observed only in the patient with TT
genotype for Taql and Apal polymorphisms. The other child,
who had TC genotypes for both polymorphisms, registered no
improvement.

Our haplotype analysis for two polymorphisms showed that
TT and CC haplotypes were significantly associated with un-
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Table 1- Baseline data for VDD and VDS groups (44 asthmatics).

< 50 nmol/L (VDD) > 50 nmol/L (VDS) p value

n (patients) 22 22

Subjective parameters
C-ACT (0-27) 17 +5 17 +5 0.42
PAQLQ (0-91) 64 + 18 72+ 17 0.07
VIDSun 3x1 4+1 0.012*

Objective parameters
FEV1% 93.6 + 13.1 101.9 £ 15.1 0.03*
FVC% 88.9 + 13.9 96.1 +9.2 0.03*
25(OH)D (nmol/L) 39.6+7.4 62.2 +8.2 <0.001*
IgE (IU/L) 960 + 1000 232 + 336 0.001*

Data shown as mean + SD. PAQLQ = paediatric quality of life questionnaire; C-ACT = childhood asthma control test; VIDSun = Vitamin D and Sun questionnaire.

*denotes statistically significant.

Table 2 - Genotypic association analysis of VDR RELPs (restriction fragment length polymorphisms) Taql and Apal between paediatric
asthmatic patients and control individuals.

Multiple comparison

Enzyme analysis Patients (44) Controls (57) p value! x2 p value
Taql Genotypes
TT 17 (38%) 34 (60%)
CT 21 (48%) 23 (40%) 10.25 0.006*
CC 6 (14%) 0 (0%)
TT/CT 17/21 34/23 0.2!
TT/CC 17/6 34/0 0.003!
CT/CC 21/6 23/0 0.025!
Apal Genotypes
TT 11 (25%) 5 (9%)
CT 23 (52%) 20 (35 %) 18.82 0.0001*
CC 10 (23 %) 32 (56 %)
TT/CT 11/23 5/20 0.38'
TT/CC 11/10 5/32 0.002!
CT/CC 23/10 20/32 0.007"

Data are: number (%); *p < 0.05 is considered significant; 'Fisher’s exact test.
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Table 3 - Allelic association analysis of VDR RELPs Tagl (T > C) and Apal (C > T) between uncontrolled paediatric asthmatic patients

and control individuals.

Patients (44) Controls (57) OR (95% CI) p value
Tag] allelic association
T 55 (63%) 91 (80%)
C 33 (37%) 23 (20%) 2.37(1.27 - 4.45) 0.007*
Apal allelic association
T 45 (52%) 30 (26%) 2.93(1.62-5.3) 0.0004*
C 43 (48%) 84 (74%)

Data are: number (%); OR = odds ratio; 95% CI (in parentheses); *denotes statistically significant.

Table 4 - Relationship between serum IL-10 and Tagl (T > C) VDR RFLP (restriction fragment length polymorphism) genotypes in un-

controlled peadiatric asthmatics.

Serum IL-10 pg/mL Sig.

Taq-I RFLP n mean SD p value CCvs.TT CCvs. TC TT vs. TC
TT 16 135 47.9 p = 0.046* ns ns p = 0.0026*
TC 20 94 25.6
CC 6 106 47.7

n = number of subjects; SD = standard deviation; p < 0.05 is considered significant; Sig. refers to difference between means of homozygotes and heterozygotes (CC
vs.TC), of the homozygotes and heterozygotes (T'T vs. TC); ns = non-significant; *denotes statistically significant.

Table 5 - Relationship between serum IL-10 and Apal (C > T) VDR RFLP (restriction fragment length polymorphism) genotypes in

uncontrolled peadiatric asthmatics.

Serum IL-10 pg/mL Sig.
Apa-I RFLP n mean SD p value CCvs.TT CCvs. CT TT vs. CT
T 10 154.8 45.5 p=0.0053*  0.0163* ns p=0.0015*
CT 22 95.3 25.4
CcC 10 103.0 41.8

n = number of subjects; SD = standard deviation; p < 0.05 is considered significant; Sig. refers to difference between means of homozygotes and heterozygotes (CC
vs. CT), of the homozygotes and heterozygotes (TT vs. CT); ns = non-significant; *denotes statistically significant.

controlled asthma (OR = 40.26, 95% CI (5.27 - 307.79), p <
0.001, and OR 43.74 (95% CI: (4.87 - 393.20), p < 0.001,

respectively).

Discussion

In our pilot study we examined 250HD levels and asthma
symptom control in relation to Taql and Apal VDR polymor-
phisms in Irish children with uncontrolled asthma. We found a

significant association between Taql and Apal SNPs and suscep-
tibility to uncontrolled paediatric asthma.

The results of our work on the associations between the two
polymorphisms examined and asthma agree with other studies
(14,22) in which Taql has been linked with asthma in paediatric
patients. We also found an association between Apal and asth-
ma susceptibility. Children carrying the risk T allele for Apal
are neatly 3 times more susceptible to asthma. These findings
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agree with studies by Saadi et al. (23) and Iordanidou et al. (2);
the latter showed that Apal “a”
improved asthma control in children.

The Taql (rs731236, c.1056T > C, p.Ile352Ile) is a synony-

mous polymorphism at codon 352 (isoleucine) of the gene, and

allele was also associated with

this T > C alteration does not result in amino acid sequence
change (24,25). The Apal (rs7975232, ¢.1025-49G > T) is lo-
cated in the intron 8 of the VDR gene (17). The two tested
polymorphisms do not cause any structural changes of the VDR
protein, but they are linked with other functional SNPs and
may take part in a complex gene network enhancing or inhibit-
ing the expression of VDR target genes.

The Apal and Tagl polymorphisms are located at the 3’ end
of the gene and are near the regulatory 3’ untranslated region
(3’-UTR) of mRNA. This indicates that they have the potential
to alter splicing regulation. When the Apal and Taql SNPs are
found in specific haplotypes, they affect VDR mRNA stability
and the rate of transcription, and this may result in altered pro-
tein expression (24-28). For example, in our study both SNPs
were in linkage disequilibrium in paediatric asthmatics, but not
in healthy volunteers.

Alternatively, epigenetic modifications in the VDR gene can
suppress VDR transcription. In a study on tuberculosis suscep-
tibility in lymphoblastoid cell lines, Andraos et al. have demon-
strated that the Tagl variant resides on a CpG island and the
C allele is always methylated. They also showed that there are
interactions between Taql, methylation levels, ethnicity, and tu-
berculosis susceptibility (29). Consequently, we can hypothesise
that this SNP may serve as a marker of methylation for oth-
er “functional” polymorphisms in the VDR gene or in nearby
genes. Tagql SNP is located in the exon 9 which encodes the
ligand-binding region of the VDR (30). The DNA methyla-
tion and histone modifications in these regions can change the
chromatin state from an open to a closed conformation. It could
lead to transcriptional repression of these genes. The expression
of genes involved in Vitamin D metabolism are deregulated in
various chronic diseases, and these changes may be partially ac-
credited to epigenetic modifications (31).

Like some other researchers (32), we have found negative as-
sociation in our paediatric patients between 250HD level and
total IgE. In comparison with other studies (22), we saw no
significant association between Taql and Apal and IgE. But we
should emphasise that 70% of our children were atopic with
elevated IgE level.

In agreement with many other studies (1,13), we found no as-
sociations between genotypes and serum 250HD. Interestingly,
IL-10 levels were significantly low in asthmatics with TC and
CT genotypes for Tagl and Apal. WBC was significantly high
with a trend toward a higher Neutrophils count in patients with
TC and CC genotypes for both SNPs. IL-10 is widely expressed

among innate and adaptive immune cells (33). It restricts the
ability of antigen presenting cells to promote the differentiation
and proliferation of CD4* T cells, and it influences the initi-
ation and progress of adaptive T cell responses. IL-10 also in-
hibits the expression of numerous pro-inflammatory cytokines,
thus further suppressing the ability of effector T cells to prolong
inflammatory responses (34). Matilainen et al. showed that the
effect of 10,25(0OH),D, on the expression of IL-10 is achieved
through cyclic recruitment of VDR to Vitamin D response el-
ements (VDREs) within a promoter region of the IL-10 gene
(35). Up-regulation of IL-10 by vitamin D suppresses the in-
nate immune response, in order to avoid the effects of long-last-
ing inflammation, such as tissue damage and development of
chronic illnesses (36-39).

Based on our findings we can hypothesise that patients with
specific genotypes for Taql and Apal have suppressed IL-10
production due to a decrease in expression of VDR. This can
lead to the deregulation of innate immune responses and to the
continuation of inflammatory processes. The increased levels of
the neutrophils and WBC in patients with these SNPs support
this interpretation. It may be possible to use these genotypes as
predictive biomarkers of chronic asthma.

Over half of our patients were VDD, and low levels of 250HD
may be responsible for the suppression of their IL-10, due to
insufficient production of the active form 10,,25(0OH),D, Sufhi-
cient 250HD levels may be vital, since they influence local tis-
sue concentrations of the active metabolite (40,41). Ojaimi et al.
have suggested that serum 250HD levels as high as 120 nmol/L
may be necessary for optimal immune function (42). This could
explain why in our Vitamin D supplementation study (10) we
did not observe any beneficial effects of vitamin D on asthma
biomarkers in our patients. Only 20% of VDD subjects achieved
250HD levels > 120 nmol/L after 15 weeks of supplementa-
tion with 2000 units each day. In the VDS group 63% of the
patients achieved these levels. It can partially explain why after
supplementation the VDS group had significantly fewer days
of school missed and fewer steroid requirements than all other
groups (10). We could not make any conclusions regarding the
genotypes effects on different asthma parameters and biomark-
ers after supplementation, probably due to the small number of
children in both groups. We should point out the importance
of phenotypical differences in our patients. Two of the children
(both female) were obese and VDD. Only one of them improved
significantly after supplementation without achieving 250HD
level over 120 nmol/L, and her genotype was TT for Taql and
Apal. We hypothesise that in obesity-related asthma, genotypical
investigation can be used to predict a beneficial response to vita-
min D treatment. And we furthermore suggest that any benefit
from vitamin D supplements can be achieved only in patients
who have specific genotypes with particular asthma phenotypes.
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Patient selection might help clarify whether vitamin D can be
useful for enhancing asthma therapy.

We admit that the main limitation of our pilot study is our lim-
ited sample size, but in a small country it is difficult to recruit a
sufficient number of paediatric patients with uncontrolled asth-
ma. In this paper we explored only two VDR polymorphisms
without including others ,such as Fokl, BsmI and Tru9. We also
limited our study to the IL-10 measurements, and we did not
analyse other cytokines or VDR. But ours is a pioneering work
in Irish paediatric asthmatic research, and we hope that it will
open new horizons for future studies in this area.

In summary, we have revealed an association of Taql and Apal
polymorphisms of the VDR gene with a susceptibility to un-
controlled asthma in a cohort of paediatric Irish patients. Also,
we have shown that the patients with TC for Tagl, and CC and
CT genotypes for Apal have a significantly low level of IL-10
and increased WBC (neutrophils in particular). In our study
we were the first to observe that TT and CC haplotypes were
significantly associated with asthma in Irish children and could
be potential biomarkers for paediatric asthma.

Further and more extensive functional studies will be necessary
to confirm our findings in order to elucidate the underlying
mechanisms in asthma that are related to vitamin D and VDR
polymorphisms in specific asthma phenotypes.
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