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Abstract. The aim of the present study was to identify
polymorphic forms of the nuclear receptor subfamily 3,
group C, member 1 (NR3CI) and transforming growth factor
B1 (TGF-P1) genes and evaluate their impact on the expression
levels of interleukin (IL)-5 and IL-15 in asthma. The study
was conducted on a control group consisting of 91 people
(54 women and 37 men). The patient group consisted of
130 participants (86 women and 44 men). Genotyping was
performed by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) and PCR-high resolution
melting (HRM) methods. Interleukin expression was measured
by reverse transcription-quantitative polymerase chain reaction.
The frequency of the polymorphic forms in the analyzed
group were observed to be: Tthll11 (rs10052957) controls
AA 0.0440, AG 0.5714, GG 0.3846, patients AA 0.1538/AG
0.4692, GG 0.3769; ER22/23EK (rs6189 /rs6190) controls AG
0.0556, GG 0.9444, patients AG 0.0385, GG 0.9615; N363S
(rs6195) controls AA 0.6444, AG 0.2667, GG 0.0889, patients
AA 07846, AG 0.1385, GG 0.0769; Bcll (rs41423247) controls
CC 0.0879, CG 0.5604, GG 0.3516, patients CC 0.1008, CG
0.5736, GG 0.3256; C-509T (rs1800469) controls TT 0.0805,
CT 0.6322, CC 0.2874, patients TT 0.1102, CT 0.5669, CC
0.3228. The results indicated that the C-509T single nucleotide
polymorphism (SNP) of the TGF-f31 gene contributed to an
increase in the IL-5 mRNA expression levels. The GG genotype
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of the N363S SNP of the NR3C1 gene was observed to result in
an increase in the expression levels of IL-15. The present study
indicated that the selected SNPs of the NR3CI and TGF-31
genes demonstrate a regulatory effect on the expression of IL-5
and IL-15. Therefore, genetic variation affects inflammation in
asthma and the clinical course of the disease.

Introduction

Asthma is a heterogenous disorder, characterized by chronic
inflammation of the respiratory tract. Numerous genes and
their polymorphic forms are involved in the pathogenesis of
this disease. It is estimated that 35-70% of cases of asthma and
allergy are genetically conditioned (1,2). The following genes
serve a particularly important role in the pathophysiological
mechanisms of allergic diseases and asthma: Growth factors
[e.g. transforming growth factor-f, (TGF-B)], cytokines
regulating immunological processes [interleukins, e.g.
interleukin (IL)-5, IL-15] and those which condition a positive
response to glucocorticosteroid (GC) therapy [nuclear receptor
subfamily 3, group C, member 1 (NR3C1)] (2-7).

The NR3CI gene is located on the long arm of
chromosome 5 (5q31-q32) and encodes the GC receptor (GR).
The GR consists of 5 structural domains (A/B, C, D, E and
F), which exhibit biological function: Activation function 1
(AF1); DNA-binding domain (DBD); nuclear localization
sequence (NLS); ligand binding domain (LBD); and AF2. The
occurrence of polymorphisms in the NR3CI gene modifies
the activity of the gene regulatory parts, which affects the
function of the promoter and coded protein (8-11). Tthili1
(rs10052957), ER22/23EK (rs6189/rs6190), N363S (rs6195) and
Bcll (rs41423247) single nucleotide polymorphisms (SNPs)
of the NR3CI gene increase the risk of asthma, affect the
clinical course of the disease and condition the response to GC
anti-inflammatory treatment (level of asthma control, steroid
dependence or steroid resistance) (12-15). Following the binding
of the GC ligand, the GR becomes an active transcription
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factor, which inhibits the expression (transrepression) of
certain genes, such as IL-5 (2,16-19). In the transactivation
mechanism, an increased production of anti-inflammatory
proteins is observed. In addition, GCs increase the production
and release of IL-15 (2,20).

IL-5 is produced by activated T lymphocytes and
macrophages, and in asthma promotes the differentiation,
migration and activation of eosinophils, and prolongs their
survival in sites of allergic inflammation. The occurrence
of IL-5 manifests with bronchial hyperreactivity, clinical
symptoms and bronchial obstruction, as a result of
inflammatory mediators released from eosinophils, such as
leukotrien C4) (21-24).

IL-15 serves a vital role in the maturation of natural killer
(NK) cells. It stimulates antibody-dependent cytotoxicity,
differentiates monocytes to dendritic cells with a Langerhans
cell phenotype, stimulates T lymphocyte proliferation and
migration, and regulates inflammatory responses to the
production of cytokines and chemokines (20,25,26). In a
comparison of a group of patients with asthma treated with
GCs with a control group, it was indicated that the sputum of
the patients with asthma contained higher levels of IL-15, which
suggests a significant role of this interleukin in the regulation
of immune and inflammatory responses in asthma (20,26).

There are three different human isoforms of TGF-p,
which are located in the following chromosomal loci:
TGF-p1-19q13, TGF-B2-1q41 and TGF-p3-14q24 (27-29).
Asthma is associated with elevated levels of TGF-f1 and
TGF-p2. TGF-p1 is expressed on the vascular endothelium,
and in smooth muscles, fibroblasts and platelets. It regulates
the growth of eosinophils and lymphocytes in response to
exposure to allergens. TGF-f3 promotes the growth of smooth
muscle, subepithelial fibrosis, increases production of the
extracellular matrix and promotes fibroblast activation. In
addition, it regulates allergic inflammation in asthma and
affects airway remodeling (30-32). TGF-f induces IL-5 in
the proapoptotic cosignaling mechanism (33,34). It leads to
the suppression of activated peripheral blood eosinophils
and tissue eosinophils via the inhibition of Lyn kinase,
mitogen-activated protein kinase (MAPK), Janus kinase 2
and signal transducer and activator of transcription 1 nuclear
factor (33-39). TGF-f regulates IL-15 expression, with
TGF-f observed to increase the expression levels of IL-15.
In a previous study, following the application of siRNA,
mothers against decapentaplegic (Drosophila) and SMA
(Caenorhabditis elegans) homolog 3 (Smad3), however, not
Smad?2 was observed to be involved in the induction of IL-15
mRNA induction by TGF-f (40). In addition to the Smad2/3
pathway, TGF-p activated numerous kinases, MAPK
and c-Jun N-terminal kinase, and the phosphoinositide
3-kinase-protein kinase B signaling pathway (40). However,
one report indicated that TGF-f1 inhibits the production
of IL-15 (41). SNPs in the TGF-f1 gene including
C-509T (rs1800469), C+466T (rs200482214) and T+869C
(rs1800470) influence the expression levels of TGF-f1 and
immunoglobulin E (IgE), bronchial remodeling, the risk of
asthma and its clinical control (42-48).

The aim of the present study was to identify polymorphic
forms of the NR3CI and TGF-B1 genes and evaluate their
effect on the expression levels of IL-5 and IL-15 in asthma.
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Materials and methods

Study participants. The current study was approved by the local
ethics committee (Consent of Research Review Board, Medical
University of Lodz, Poland, No RNN/133/09/KE). Study
participants were volunteers and written informed consent was
obtained from every patient prior to enrolment in the study.

Asthma diagnosis was established according to the
Global Initiative For Asthma (GINA) recommendations
(www.ginasthma.org), based on clinical asthma symptoms and
a lung function test. The level of asthma severity and control
was determined on the basis of GINA Report Guidelines. The
patients medical history, including gender, obesity, tobacco
smoking, duration of bronchial asthma, allergy to house
dust mites, animal fur, mould spores, cockroach allergens,
hypersensitivity to non-steroidal anti-inflammatory drugs was
collected, in addition to objective examinations (Spirometry
tests). The results of pulmonary function tests and allergological
tests were obtained from the individual medical records of the
patients. If no spirometry or allergological test results were
available, such examinations were performed during the
recruitment visit. Subjects demonstrating clinically significant
exacerbations, using drugs that may induce resistance to
glucocorticoids (e.g. rifampicin, phenobarbital, phenytoin
and effedrine), subjects with signs of viral infections (either
generalized or affecting the respiratory tract), in addition to
subjects failing to comply with the doctor's recommendations,
were excluded from the patient group. The control group
consisted of healthy adults, who met the following criteria:
No history or symptoms of either bronchial asthma or other
pulmonary diseases, no history or symptoms of allergy,
no history or symptoms of atopic dermatitis, no history or
symptoms of hypersensitivity to aspirin, negative results
of skin tests for 12 common allergens and no first-degree
relatives with bronchial asthma or atopic disorders. Spirometry
tests were conducted in the Specialist Outpatient Clinic of
Pulmonary Diseases and Allergology of the Norbert Barlicki
University Clinical Hospital (Lodz, Poland) according to
European Respiratory Society/American Thoracic Society
standards (49), and allergological tests according to the
guidelines of the European Academy of Allergy and Clinical
Immunology (7,13,15,28).

The study was conducted on 221 participants. The control
group consisted of 91 people [54 women (59.34%) and
37 men (40.66%)], with an age range of 21-80 years old. The
mean age in the control group was 46.96+16.42 years, with
a median of 48.00 years. The patient group consisted of 130
participants [86 women (66.15%) and 44 men (33.85%)], with
an age range of 22-78 years old. The mean age in the patient
group was 50.24+14.55 years, with a median of 52.00 years.
Non-severe asthma was diagnosed in 75 patients (57.69%),
whereas 55 patients (42.31%) had a severe form of the disease.
Comprehensive comparison of spirometric parameters of the
analyzed groups is presented in Table I.

The study participants were stratified and subjected to
statistical analysis. The genotyping was performed by two
blinded investigators.

SNP analysis. Venous blood samples were collected from the
participants into tripotassium ethylenediaminetetraacetic acid
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Table I. Spirometric parameters of the analyzed groups.

MOLECULAR MEDICINE REPORTS 13: 4879-4887, 2016

Parameter Controls Patients
FEV1 (1)
Mean 2.99 2.15
Median 2.97 1.98
Min 1.40 0.37
Max 524 4.68
SD 0.82 0.90
FEV1 (%)
Mean 96.17 7248
Median 95.00 73
Min 66.00 19
Max 128.00 125
SD 11.67 21.27
FVC ()
Mean 3.77 3.15
Median 3.55 291
Min 1.87 1.11
Max 6.37 6.52
SD 1.04 1.08
FVC (%)
Mean 101.52 89.77
Median 101.00 89.00
Min 71.00 38.00
Max 150.00 134
SD 13.49 18.40
FEV1%FVC
Mean 79 .49 67.19
Median 78.00 67.95
Min 64.15 33.33
Max 95.15 91.03
SD 6.28 12.32

FEV1 (L), forced expiratory volume in 1 sec, expressed in litres;
Min, minimum; Max, maximum; SD, standard devation; FEV1%,
percentage ratio of the measured to expected value, expressed as per-
centage of the expected value; FVC, forced vital capacity, expressed
in litres; FVC%, percentage ratio of the measured to expected value,
expressed as percentage of the expected value; FEV1%FVC, FEV1
to FVC ratio of forced vital capacity, expressed as absolute numbers.

tubes (Sarstedt AG & Co., Niimbrecht, Germany). DNA was
obtained from the peripheral blood leukocyte fraction. The
genetic material was isolated using a QlAamp DNA Blood
Mini kit (Qiagen GmbH, Hilden, Germany) according to the
manufacturer's instructions. The investigated polymorphisms
were analyzed using polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) and
PCR-high resolution melting (HRM) methods, as described
previously (13,50-53). Table II presents a description of the
applied genotyping techniques.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). A total of 10 ug total RNA was extracted from
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the peripheral blood lymphocytes using an RNA extraction
reagent, (TRI Reagent® Solution; Ambion; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), according to the
standard of the acid guanidinium phenol-chloroform
method (54). The extracted RNA was analyzed by agarose
gel (8%) electrophoresis and only cases with preserved 28S,
18S and 5S ribosomal RNA bands indicating good RNA
quality were used in the study. Total RNA was digested
with DNase (Gibco; Thermo Fisher Scientific, Inc.) at room
temperature for 15 min. The amount of purified RNA was
determined using spectrophotometry at 260 nm in a Nanodrop
ND-100 analyser (Nanodrop; Thermo Fisher Scientific, Inc.,
Wilmington, DE, USA). The purity was verified according to
the ratio of 260/280 nm measurements; values between 1.8 and
2.1 indicated that the quality of the obtained RNA was optimal
and suitable for RT-qPCR (7,28,54). Reverse transcription of
1 ug RNA was performed using an AccuScript PfuUltra II
RT-PCR kit (Agilent Technologies, Santa Clara, CA, USA).
The cDNA was subjected to qPCR using gene specific primers
for IL-5, IL-15 and GAPDH using EvaGreen® Master Mix
for RT-qPCR (Biotium, Inc., San Francisco CA, USA) and
Phusion® High-Fidelity DNA Polymerase (Thermo Fisher
Scientific, Inc.). Table III presents the primer sequences used
for RT-qPCR. An Agilent Mx3000P qPCR system (Agilent
Technologies, Inc., Santa Clara, CA, USA) was used for the
IL-5 and IL-15 RT-qPCR reaction. Bands were visualized
using ImageMaster (Pfizer, New York City, NY, USA).
For each sample, the CQ (quantification cycle) values were
calculated using Mx-Pro software (Agilent Technologies,
Inc.). The RT-qPCR amplification of the IL-5 and IL-15 genes
was compared with the levels of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), a house-keeping reference gene,
and the ACQ values were determined (ACy=Cg, gpne-Co.
carpn)- The RT-qPCR data was automatically calculated with
the data analysis module. The results were analyzed with the
application of the 22T method. Validation of PCR efficiency
was performed with a standard curve (7,28,54-56).

Statistical analysis. Nominal variables are presented
as percentages, and continuous variables are presented
as the mean + standard deviation or the median and the
interquartile range (IQR). The Yate's chi-square test and
Fisher-Freeman-Halton exact test were used to test the
associations. The continuous variables were analyzed using
the Mann-Whitney U test or analysis of variance depending
on the number of groups being compared. Correlation
coefficients were calculated using the Spearman's rank
correlation. To test whether the genotype frequencies of the
SNPs were consistent with the Hardy-Weinberg equilibrium,
Michael H. Court's online calculator was used: http://www.
tufts.edu/~mcourt01/Documents/Court%201ab%20-%20
HW%20calculator.xls. P<0.05 was considered to indicate
a statistically significant difference. Statistica software,
version 10.0 (Statsoft, Inc., Tulsa, OK, USA) was used for
statistical analysis.

Results

Different IL-5 mRNA expression levels were observed in the
control and patient groups, with a median of 1.46 (patients)
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Table II. Parameters of PCR reactions, used for genotyping of SNPs of the NR3C!I and TGF-f1 genes.

PCR Primer annealing
Gene SNP technique Primers temperature
NR3CI Tthilll HRM Forward 5'-GCAGAGGTGGAAATGAAGGTG-3' 58°C
(rs10052957) Reverse 5'-GGAGTGGGACATAAAGCTATGACA-3'
NR3C1 ER22/23EK RFLP Mnl 1 Forward 5-TGCATTCGGAGTTAACTAAAAAG-3' 56°C
(rs6189/rs6190) Reverse 5'-ATCCCAGGTCATTTCCCATC-3'
NR3C1 N363S RFLP Tsp5091  Forward 5'-CCAGTAATGTAACACTGCCCC-3' 56°C
(rs6195) (Tas I) Reverse 5-TTCGACCAGGGGAAGTTCAGA-3'
NR3C1 Bell RFLP Bcl 1 Forward 5'-GAGAAATTCACCCCTACCAAC-3' 56°C
(rs41423247) Reverse 5'-AGAGCCCTATTCTTCAAACTG-3'
TGF-p1 C-509T HRM Forward 5'-GTGTCTGCCTCCTGACCCTCC-3' 62°C
(rs1800469) Reverse 5'-GCCTCCGGAGGGTGTCAGTG-3'
TGF-p1 C+466T HRM Forward 5'-CATGTCCTCACCTGGTACAGC-3' 64°C
(rs200482214) Reverse 5'-CCTGAACCCGTGTTGCTCTC-3'
TGF-p1 T+869C HRM Forward 5'-CTGTTCGCGCTCTCGGCAG-3' 68°C
(rs1800470) Reverse 5'- CCAGTAGCCACAGCAGCGG-3'

PCR, polymerase chain reaction; SNPs, single nucleotide polymorphisms; NR3C1, nuclear receptor subfamily 3, group C, member 1; TGF-§1,
transforming growth factor $1; HRM, high resolution melting; RFLP, restriction fragment length polymorphism.

Table III. Primer sequences used for reverse transcription-quantitative polymerase chain reaction to measure the mRNA expres-

sion of IL-5 and IL-15.

Primer annealing

Gene Primers temperature

IL-5 Forward 5'-CCTTGCACAGTTTGACTCTC-3' 60°C
Reverse 5'-GAGGATTCCTGTTCCTGTAC-3'

IL-15 Forward 5'-GTGTTGATGAACATTTGCAC-3' 61°C
Reverse 5'-AAGTTATTTCACTTGACTCCG-3'

GAPDH Forward 5'-AGCCACATCGCTCAGACA-3' 60/61°C

Reverse 5'-GCCCAATACGACCAAATCC-3'

IL, interleukin.

(IQR,0.16-5.34) compared with 0.18 (controls) (IQR,0.32-1.66;
P<0.001). In addition, the IL-15 mRNA expression levels in the
patient and control groups were significantly different, with a
median of 0.60 (patients) (IQR, 0.25-1.09) compared with 0.27
(controls) (IQR, 0.04-0.75; P<0.01).

It was observed that no SNPs of the NR3CI gene
significantly correlated with the altered levels of IL-5, in
which the highest levels of IL-5 mRNA expression were
observed (Fig. 1). In the NR3CI gene, the most common
polymorphism observed in Tthl111 was the AG genotype
(69.23% controls, 62.00% asthmatic patients), in ER22/23EK
was the GG genotype (94.74% controls, 97.96% asthmatic
patients), in N363S was the AA genotype (78.95% controls,
82.00% asthmatic patients) and in Bcll was the CG genotype
(48.72% controls, 61.22% asthmatic patients). Notably, the
AA polymorphic form was not observed for ER22/23EK.

In the TGF-P1 gene, three C-509T polymorphic forms (TT,
CT and CC) were observed, with the most common genotype
being CT (66.67% controls, 61.22% asthmatic patients).
The risk factor contributing to an increase in IL-5 mRNA
expression was TT in the C-509T SNP of the TGF-p1 gene
(10.26% controls, 8.16% asthmatic patients). Expression
of the TT allele increased the risk of higher IL-5 mRNA
expression by 44% in the group of asthmatic patients. The
polymorphic forms of the TGF-31 gene, C+466T and T+869C,
occurred only in one genotype form, TT (100%), both in the
control group and in patients with asthma. However, these
polymorphisms did not affect the expression levels of IL-5
mRNA in patients with asthma (Table IV).

It was observed that only one of the four NR3CI SNPs
was significantly associated with the altered IL-15 mRNA
expression levels (Fig. 2). The N363S SNP occurred in three
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Table IV. Frequency of polymorphic forms of NR3CI and TGF-f1 SNPs and the effect on IL-5 mRNA expression levels.
Controls Patients
IL-5 mRNA IL-5 mRNA
SNP Polymorphism Frequency expression Frequency expression OR 95% CI
Tthilil AA 0.0513,5.13% 2.08+0.83 0.0600, 6.00% 1.29+2.08 - -
(rs10052957) AG 0.6923, 69.23% 1.31£1.18 0.6200, 62.00% 1.56+1.42 1.10  0.81-1.39
GG 0.2564, 25.64% 2.11£1.78 0.3200, 32.00% 1.19+1.22 094  0.64-1.23
ER22/23EK AA 0.0000, 0% - 0.0000, 0% - - -
(rs6189/rs6190) AG 0.0526,5.26% 2.39+3.09 0.0204, 2.04% 4.03+0.0 - -
GG 0.9474,94.74% 1.51+1.31 0.9796,97.96% 1.36+1.35 076  0.49-1.04
N363S AA 0.7895,78.95% 1.63x147 0.8200, 82.00% 1.49+1.47 1.10  0.70-1.51
(rs6195) AG 0.2105,21.05% 1.26+1.01 0.1400, 14.00% 1.10+£0.92 - -
GG 0.0000, 0% - 0.0400, 4.00% 1.30+0.79 100 0.59-141
Bcll CcC 0.1538, 15.38% 1.02+1.61 0.1020, 10.20% 1.20+0.78 - -
(rs41423247) CG 0.4872,48.72% 1.74+1.59 0.6122,61.22% 1.50+1.56 1.11  0.83-1.40
GG 0.3590, 35.90% 1.53+0.86 0.2857,28.57% 1.16+0.93 094  0.66-1.23
C-509T TT 0.1025,10.26% 2.30+0.84 0.0816, 8.16% 2.54+1.38 144  1.05-1.83
(rs1800469) CT 0.6667, 66.67% 1.35+0.93 0.6122,61.22% 1.54+1.28 090 0.51-1.30
CcC 0.2308, 23.08% 1.81+£2.32 0.3061,30.61% 0.99+1.45 - -

NR3C1, nuclear receptor subfamily 3, group C, member 1; TGF-f31, transforming growth factor 31; SNPs, single nucleotide polymorphisms;
IL, interleukin; OR, odds ratio; CI, confidence interval.
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Figure 1. The effect of the NR3C1 gene (A) Tth1l111, (B) ER22/23EK, (C) N363S, (D) Bcll SNP genotypes and the TGF-f1 gene (E) C-509T SNP genotypes
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polymorphic forms, with the most common genotype being
AA (64.44% controls, 78.46% asthmatic patients). The least
frequently observed genotype, GG (8.89% controls, 7.69%
asthmatic patients), contributed to a significant increase in
the level of IL-15 mRNA expression, by 23% in the group of
patients with asthma. The remaining NR3C/ SNPs did not
affect the level of IL-15. The AG heterozygote was the most

common form of Tthl111 (57.14% controls, 46.92% asthmatic
patients), and in ER22/23EK was the GG homozygote (94.44%
controls, 96.15% asthmatic patients). The AA genotype of the
ER22/23EK SNP was not observed in either the patient or
control group. The most commonly observed genotype in Bcll
was the CG heterozygote (56.04% controls, 57.36% asthmatic
patients). None of the TGF-p1 SNPs altered the IL-15
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Table V. Frequency of polymorphic forms of NR3CI and TGF-f1 SNPs and the effect on IL-15 mRNA expression levels.

Controls Patients
IL-15 mRNA IL-15 mRNA

Gene SNP Polymorphism Frequency expression Frequency expression OR 95% C1
Tthilll AA 0.0439, 4.40% 1.51+1.84 0.1538, 15.38% 0.77+1.03 - -
(rs10052957) AG 0.5715,57.14% 0.62+0.85 0.4692,46.92% 0.44+0.99 095 0.78-0.11

GG 0.3846, 38.46% 0.90+0.94 0.3769, 37.69% 0.32+0.94 0.87 0.70-1.04
ER22/23EK AA - - 0.0000, 0.00% -
(rs6189/rs6190) AG 0.0556, 5.56% 1.22+1.31 0.0385,3.85% 0.86+0.67 - -

GG 0.9444, 94 44% 0.74+0.93 0.9615,96.15% 0.43+0.99 092 0.75-1.09
N363S AA 0.6444, 64.44% 0.81+0.94 0.7846,78.46% 0.42+1.00 0.89 0.68-1.09
(rs6195) AG 0.2667,26.67% 0.75£0.97 0.1385, 13.85% 0.30+0.76 - -

GG 0.0889, 8.89% 0.48+1.04 0.0769, 7.69% 1.03+£1.04 123 1.03-144
Bell CcC 0.0879, 8.79% 0.37+0.64 0.1008, 10.08% 0.05+0.56 - -
(rs41423247) CG 0.5604, 56.04% 0.85+0.95 0.5736,57.36% 0.45+1.06 1.08 0.90-1.25

GG 0.3517,35.16% 0.74+1.00 0.3256,32.56% 0.53+0.92 1.12 0.95-1.30
C-509T TT 0.0805, 8.05% 0.48+0.41 0.1102,11.02% 0.36+1.05 096 0.73-1.20
(rs1800469) TC 0.6322,63.22% 0.71+£0.87 0.5669, 56.69% 0.50+1.07 108 0.85-1.32

CcC 0.2873,28.74% 1.01£1.22 0.3228, 32.28% 0.39+0.78 - -

NR3C1, nuclear receptor subfamily 3, group C, member 1; TGF-f31, transforming growth factor 31; SNPs, single nucleotide polymorphisms;

IL, interleukin; OR, odds ratio; CI, confidence interval.
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mRNA expression levels. The C-509T SNP occurred in three
polymorphic forms, of which the CT heterozygote was the
most common (63.22% controls, 56.69% asthmatic patients).
The remaining two SNPs of the TGF-f1 gene, C+466T
and T+869C, were observed only in the TT homozygote
form (100%) in the control and patient groups, and no other
polymorphic forms, such as CT or CC, were observed. In

addition, the TGF-p1 SNPs did not affect the IL-15 mRNA
expression levels (Table V).

Discussion

Despite allergy being the predominant cause of asthma, certain
genetic factors interacting with environmental determinants
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additionally contribute to the occurrence of the disease. From
a clinical perspective, of the genes associated with allergic
diseases and asthma, the most important are those which are
associated with the function of Th2 lymphocytes, epithelial
cells, lung function, bronchial remodeling and the severity of
asthma (2). The NR3CI and TGF-f1 genes may be considered
to be such genes.

The role of SNPs in the pathogenesis of asthma is currently
under investigation, and there are numerous studies on this
issue, performed on populations of various types and sizes,
however, not all findings are replicable. Notably though,
numerous studies have reported the functional role of the
NR3CI and TGF-p1 genes in asthma (7,13,15,28,50-52). With
regards to basic and clinical studies, it is important to know to
what extent these SNPs affect the signaling pathways regulated
by the NR3C1 and TGF-p1 genes in asthma.

In the present study, the effect of SNPs in the NR3CI and
TGF-B1 genes on interleukin expression was investigated in
healthy controls and patients with asthma. The N363S (rs6195)
SNP of the NR3C1 gene was observed to have an effect on
IL-15 expression, in addition to the C-509T (rs1800469) SNP
of the TGF-f1 gene which altered IL-5 expression.

The N363S SNP is localized in exon 2 of the NR3C/ gene.
It changes nucleotide sequence AAT to AGT, which results
in a conversion of asparagine into serine at codon 363 of the
GR (57-59). The N363S results in structural alterations in
the A/B region of the GR and functional changes within the
AP-1 functional domain, and modulates a number of protein
regulation systems (57-59). N363S inhibits the activity of
nuclear factor-kB, stimulates the production of inhibitory-kB
and interferes with the suppression of IL-2. In addition, N363S
has an influence on the level of GR phosphorylation (57-59).
The GR-N363S is characterized with an increased ability to
transactivate genes encoding proteins synthesized in cellular
response to GCs (13,50-52). The present study indicated that
the N363S SNP can additionally regulate IL-15 expression in
patients with asthma. The product of the expression of the GG
allele of this SNP contributed to a significant increase in IL-15
mRNA level, by 23%. Thus, carriers of the GG genotype of
the N363S of the NR3C/ gene demonstrate a higher risk of
inflammation, as regulated by IL-15 in asthma. The decreased
frequency of the mutated G allele in the asthmatic patient group
(controls GG=8.89% compared with patients GG=7.69%)
correlated with a reduced response to GC therapy and elevated
level of IL-15 mRNA. In vivo studies have indicated that the
N363S SNP is associated with an increased sensitivity to
GCs (57). In the present study, it was noted that the carriers
of the N363S SNP appeared to be clinically healthy and more
sensitive to treatment with exogenous GCs. In a previous study,
an increased frequency of the occurrence of the A allele at the
cost of the G polymorphic allele in the analyzed N363S SNP
was statistically correlated with a higher incidence of a more
severe form of asthma and the inability to reduce its symptoms
with the administration of anti-inflammatory drugs (60). This
is a potential mechanism which may account for the increase
observed in IL-15 expression in the patients with asthma
treated with GCs (60).

The C-509T (allele C/T) SNP, located in the promoter
of the TGF-B1 gene, serves a crucial role as it increases the
expression of TGF-B1 and IgE. Thus, it is an important factor
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associated with bronchial remodeling and the development
of asthma (46,47). The C-509T SNP is a regulator of the
expression of TGF-$1, and carriers of this SNP have been
reported to exhibit increased expression of TGF-p1, which,
in eosinophils, acts as a negative regulator of eosinophil
survival (36). Eosinophils are destroyed by apoptosis
when the levels of eosinophil-activating cytokines, such as
granulocyte-macrophage colony-stimulating factor and IL-5,
are insufficient. TGF-B1 blocks the activity of IL-5, which
is unable to prevent apoptosis of eosinophils (36). However,
increased expression of TGF-B1 and increased eosinophil
accumulation are observed in sites of allergic inflammation
in patients with asthma; in addition, eosinophils themselves
can produce TGF-B1 (36). These paradoxical observations
suggest that eosinophils may have aberrant TGF-signaling,
resulting in partial or complete TGF-resistance (36). In
the present study, by increasing TGF-f1, the C-509T SNP
contributed to an increase in IL-5 expression and exacerbation
of the inflammation in the bronchi of patients with asthma.
The product of the two TT alleles appeared to increase the
risk of IL-5-induced inflammation by 44%. With regards to the
remaining TGF-f31 SNPs, the present study did not indicate any
correlation between the gene and IL-15 expression. In order to
confirm these results, it studies investigating the expression of
TGF/Smad signaling pathway will be required, in particular
to determine Smad2/3 and Smad4 levels, as these cytokines
serve a crucial role in stimulating the synthesis of fibronectin,
proteoglycans and type I and III collagen. In addition, these
cytokines increase eosinophil chemotaxis following allergen
exposure in the bronchi of patients with asthma.

The present study indicated associations, however,
further studies are required based on functional models of
the investigated proteins. Clinical observations based on the
observations of the present study require further experimental
studies to confirm these phenomena.

The present study is the first, to the best of our knowledge,
to analyze the functional impact of NR3C/ and TGF-f1
SNPs on interleukin expression in patients with asthma. A
correlation between the C-509T SNP of the TGF-p1 gene
and IL-5 mRNA expression was demonstrated, in addition
to a correlation between the N363S SNP of the NR3CI gene
and IL-15 expression. This observation is important because
IL-5 has an influence on the level of eosinophils, bronchial
hyperreactivity and obstruction in addition to the clinical
symptoms of asthma. IL-15 is an important regulator of the
immune response in this disease.

The current study provides the clinical basis for
performing the genetic screening of patients. This may enable
the implementation of methods to prevent asthma development
in particular patient groups (such as asthma endotype). Thus,
the early identification of patients demonstrating a risk of
more severe course of asthma (carriers of certain SNPs) will
be possible, in addition to the introduction of an intensive
anti-inflammatory therapy (GCs) earlier, which may prevent
disease progression, exacerbations and bronchial remodeling.
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