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Abstract—Glucocorticosteroids (GCs) are basic drugs in therapy of a number of diseases, including chronic
diseases of the respiratory system. They are the most important anti-inflammatory drugs in the treatment of
asthma. GCs after binding to the glucocorticoid receptor (GR) form the complex (transcription factor), which
acts on promoter and regulatory parts of genes enhancing the expression of anti-inflammatory proteins and
decreasing the proinflammatory protein synthesis, including numerous cytokinesmediating inflammation in the
course of asthma. Non-sensitivity or resistance to GCs favours an increase in the TGF-β expression. This cy-
tokine plays a central role in asthma inducing fibroblast differentiation and extracellularmatrix synthesis. TGF-β
isoforms, 1, 2 and 3, are located on chromosome 19q13, 1q41 and 14q24, respectively. GCs reduce TGF-β 1
and TGF-β 2 production and significantly decrease the expression of upregulated TGF-β 1 and TGF-β 2 m-
RNA induced by exogenous TGF-β. In asthma, TGF-β may play a role in the development of the peribron-
chiolar and subepithelial fibrosis, which contributes to a significant clinical exacerbation of asthma. Therefore, it
is possible that NR3C1 glucocorticoid receptor gene polymorphisms could exert varied effects on the TGF-β
mRNA expression and fibrotic process in lungs of asthmatic patients. The aim of the study was to evaluate the
impact of polymorphic forms (Tth111I, BclI, ER22/23EK,N363S) of theNR3C1gene on the level of the TGF-
β 1mRNAexpression. A total of 173 patients with asthma and 163 healthy volunteers participated in the study.
Genotyping of Tth111I, BclI, ER22/23EK, and N363S polymorphisms of the NR3C1 gene was performed by
usingPCR-HRMandPCR-RFLP techniques. TGF-βmRNAwas assessed by real timeRT-PCR.Tth111I SNP
significantly (p = 0.0115) correlated with the TGF-β 1 mRNA expression level. The significance of AA and
GG genotypes of Tth111I SNP in increasing and decreasing the level of the TGF-β 1 mRNA expression was
demonstrated. BothBclI SNP andER22/23EKSNPdid not affect the expression level of the cytokine analysed.
The N363S SNPAA genotype of NR3C1 gene statistically significantly influenced the increase in the level of
the TGF-β 1 mRNA expression. Thus, SNPs of NR3C1 gene play an important regulatory function in the
bronchi of patients suffering from asthma. In the case of the occurrence of Tth111I and N363S polymorphic
forms of the gene studied, a reduced ability of GCs to inhibit the TGF-β 1 expression can be observed.

KEYWORDS: asthma; glucocorticosteroids; transforming growth factor-beta (TGF-β); glucocorticoid receptor gene
(NR3C1); inflammation; fibroblasts; polymorphisms.

INTRODUCTION

Glucocorticosteroids (GCs) are the basic and most
important anti-inflammatory drugs [1–3]. They inhibit
phagocytosis and lysosomal breakdown; reduce the num-
ber of lymphocytes, eosinophils, and monocytes; and
block IgE-dependent histamine and leukotriene release
[2–4]. They also brake the synthesis and release of such
cytokines as interferon-gamma, interleukins (IL-1, IL-2,
IL-3, IL-6), TNF-α (tumor necrosis factor-α), and GM-
CSF (granulocyte-macrophage colony-stimulating factor).
By inhibiting phospholipase A2 activity through
lipocortin, glucocorticosteroids do not allow to release
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arachidonic acid and in consequence to synthesize
inflammatory mediators (leukotrienes and prostaglandins)
[2–5].

A normal response to GC treatment in asthmatic
patients is a key element of complex therapy [5].
Unfortunately, the effects of biological action of
glucocorticosteroids are determined individually. This in-
dividual predisposition causes that side effects can be
quickly observed in some patients while using even low
doses of these drugs. However, there are a number of
patients who do not demonstrate any side effects despite
taking high doses of glucocorticosteroids. This phenome-
non proves that there is a wide range of drug doses, which
can be used in order to achieve total asthma control. In a
healthy population, approximately 2.3 % of people exhibit
resistance to GCs; hypersensitivity to this group of drugs
has been found in 6.6 % of people [5–9]. Resistance to the
treatment with glucocorticosteroids results from several
complex mechanisms which differ in particular patients.
A decreased response to GCs in asthmatic patients has
been explained by the occurrence of mutations and poly-
morphisms (single nucleotide polymorphism, SNP) in the
glucocorticoid receptor NR3C1 gene, by the reduced glu-
cocorticoid receptor (GR) expression, their weakened abil-
ity to bind DNA and ligand, as well as by overproduction
of transcription factors [6–8, 10–14].

The occurrence of SNP(s) inNR3C1 gene can modify
the response of asthmatic patients to GC treatment. A few
polymorphisms may be involved in the pathogenesis of
this phenomenon [1, 3–6].

The Tth111I polymorphism is localized in the region
of the NR3C1 gene promoter and converts C>T in the
promoter region. It is the restriction fragment length poly-
morphism (RFLP) coupled with ER22/23EK SNP [15–
19]. The Tt111II SNP alone is likely to be non-functional.
Its effects are observed only when coupled with
ER22/23EK. It is believed that the resistance to
glucocorticosteroids and a normal metabolic profile in
Tth111I carriers are a result of the presence of the ER22/
23EK polymorphism [16, 19, 20].

The BclI polymorphism is localized in intron 2 of the
NR3C1 gene. Intron 2 (B) is located between exon 2 and 3
of the NR3C1 gene. It causes the conversion of C>G in the
promoter region and is RFLP. The BclI polymorphism is
coupled with two other SNPs, Intron B 33389 (rs33389)
and Intron B 33388 (rs33388) [15, 19, 21, 22]. It signifi-
cantly affects the process of alternative splicing of the
NR3C1 gene and increases sensitivity to GCs in this mech-
anism. It concerns both BclI CG and BclI GG. SNP en-
hances the GC-dependent genomic mechanisms which in

complexes with GR influence glucocorticoid response el-
ement (GRE) sequences in promoter and regulatory parts
of gene coding protein synthesized in response of cells to
glucocorticosteroid action [19, 20, 23].

The ER22/23EK polymorphism is located in exon 2
of the NR3C1 gene. It consists of two connected with each
other nucleotide transitions in codons 22 and 23 [19, 20,
24, 25]. Silent transition in codon 22 does not convert
amino acid (G>A; position 198; codon GAG and GAA
code glutamic acid), while the transition in codon 23 leads
to conversion of arginine to lysine (G>A; AGG>AAG;
position 200), which can result in the third-order change in
the domain structure of the glucocorticoid receptor, respon-
sible for activation of transcription [13, 19, 26]. The tran-
sition in codon 23 can cause the second-order change in the
mRNA structure of the glucocorticoid receptor and in
consequence the initiation of translation from 1 or 27
methionine [27, 28]. Moreover, the described change in
codon 23 may have an impact on mRNA stability for the
glucocorticoid receptor [27, 28]. The ER22/23EK poly-
morphism induces structural changes in the receptor region
A/B of the glucocorticosteroids as well as functional
changes within the activation function 1 (AF1) domain,
which affects the GR activity and allows to interact with
several transcription factors. It exhibits a strong coupling
with the functional polymorphism in exon 9β of the
NR3C1 gene, which results in bilateral interactions and
the mutual regulation of functional effects. ER22/23EK
can be investigated with the use of restriction enzyme by
PCR-RFLP method (RFLP) [15, 16, 18, 19, 24, 25, 29].

The N363S polymorphism is located in exon 2 of the
NR3C1 gene. The occurrence of SNP causes changes in the
nucleotide sequence AAT>AGT, which results in the con-
version of asparagine to serine in codon 363 of GR. It
induces structural changes in the A/B region of the GR as
well as functional changes within the activation functional
domain AF1. The N363S polymorphism modulates vari-
ous protein regulatory systems. It inhibits activity of NF- B
(nuclear factor kappa-light-chain-enhancer of activated B
cells) and stimulates the production of I- B inhibitors, thus,
interfering with the IL-2 suppression. N363S affects the
degree of phosphorylation of the GC receptor. N363S SNP
is characterized by an increased ability to transactivate
gene encoding proteins synthesized in response of cells to
GC action. This is the RFL polymorphism [13, 19, 24, 25,
30–35].

Due to the changed NR3C1 gene expression by SNP,
the production of many factors involved in the pathogen-
esis of inflammation in asthma such as TGF-beta (β)
(transforming growth factor beta), GM-CSF, VEGF
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(vascular endothelial growth factor), fibroblast growth fac-
tor, cysteinyl leukotrienes, and interleukins (IL-1, IL-2, IL-
3, IL-4, IL-5, IL-12, IL-13, IL-16, IL-17) has not been
decreased [1, 3–6]. In this context, the role of TGF-beta
in the regulation of chronic bronchial inflammation in
asthmatic patients is very important. This cytokine is re-
sponsible for the growth, differentiation, cell migration,
formation, and degradation of extracellular matrix ele-
ments, chemotaxis processes, remodelling, and cell apo-
ptosis in the bronchi [36–42]. TGF-beta occurs in 5 iso-
forms. Three of them: TGF-beta 1, TGF-beta 2, and TGF-
beta 3 are coded by different genes. In vitro isoforms 1–3
bind together and activate the same membranous receptors
of TGF-beta (serine-threonine kinases). Smad proteins are
responsible for transmitting the signal to the cellular nucle-
us and affect various transcription factors. TGF-β through
signaling Smad2 and Smad3 protein pathway exerts an
impact on the expression of approximately 500 target
genes, and through Smad1, Smad5 and Smad8 proteins
affects subsequent 500 target genes [36–38, 43–45]. In
bronchoalveolar lavage (BAL), levels of TGF-β1 are in-
creased in asthmatic patients [46]. TGF-β has been shown
to be essential for the transformation of fibroblasts into
myofibroblasts, which are major producers of collagen
[46]. Some experimental studies indicated that
adenoviral-mediated gene transfer of TGF-β1 in the rodent
lung caused severe lung fibrosis with the deposition of
extracellular matrix [46]. The phosphorylation of TGF-β
type I (activin receptor-like kinase-5; ALK-5) and type II
receptors is characteristic of the activation of the TGF-β
signal transduction pathways [46]. The cascade and subse-
quent phosphorylation and translocation of Smad 2 and
Smad 3 to the cell nucleus affect the regulation of gene
transcription [46]. Therefore, it is possible that
glucocorticosteroids could exert varied effects on the fi-
brotic process [47]. Due to the fact that GCs may block
TGF-beta production by changing mRNA levels and c-Jun
[47], it is important to recognize the SNP effect in the
NR3C1 gene on the level of the TGF-beta mRNA expres-
sion. GCs significantly inhibit TGF-beta1 and TGF-beta2
production [47]. They may also decrease expression of the
upregulated TGF-beta1 and TGF-beta2 mRNA induced by
exogenous TGF-beta 1, TGF-beta 2, or TGF-beta 3 but do
not affect Smads [47].

The aim of the study was to evaluate the impact of the
occurrence of polymorphic forms (Tth111I, BclI,
ER22/23EK, N363S) of the NR3C1 gene on the level of
the TGF-beta 1 mRNA expression in the group of asthmat-
ic patients in the Polish population as compared to a control
group (healthy subjects).

MATERIALS AND METHODS

Approval of the Research Review Board

The study was approved by the local ethics committee
(Consent of the Research Review Board at the Medical
University of Lodz, Poland, No. RNN/133/09/KE and No.
RNN/31/14/KE). At the commencement of the study, the
participants were invited to attend it voluntarily. Before
enrolment, written informed consent was obtained from
every patient.

Patients and control subjects

Asthma patients were recruited from among the pa-
tients treated in the Department of Internal Medicine,
Asthma and Allergy, the Department of Pneumology and
Allergology, and the Specialist Outpatient Department of
Pulmonary Diseases and Allergology at N. Barlicki Me-
morial Teaching Hospital No. 1 of the Medical University
of Lodz, Poland.

Healthy volunteers were included in the study from
the general population. They were selected on random
basis.

A total of 336 subjects including 173 patients
(51.49 %) suffering from asthma participated in the study.
The remaining subjects constituted a control group. The
proportion of gender in both groups was similar (63.58 %
of women in the group with asthma vs 62.58 % in the
control group, p=0.8415). The mean age (±SD) in the
group of patients was 50.03±15.76 years, and in the con-
trol group, it was 45.60±16.55 years. The mean FEV1(%)
(forced expiratory volume in 1 s) value among asthmatic
patients was 72.96±20.33 and 95.07±12.64 in the
controls.

The inclusion criteria for participating in the study
group were as follows: the patient’s informed consent and
appropriate spirometry results enabling the correct inter-
pretation and diagnosis of asthma according to GINA (The
Global Initiative For Asthma) Report [19, 24, 30, 48, 49].
The patients were excluded from the study on the basis of
the following criteria: treatment with rifampicin, phenobar-
bital, phenytoin and ephedrine, as well as exacerbations of
the disease due to infections. The subjects qualified to the
control group met all of the following criteria: no data from
subjective and objective examinations confirming the pres-
ence of asthma, other pulmonary diseases, allergy, atopy
and hypersensitivity to non-steroid anti-inflammatory
drugs (NSAIDs), no spirometry results confirming airway
obstruction, negative results of skin prick tests with com-
mon allergens, no first-degree relatives with asthma,
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allergy or atopy, no treatment with rifampicin, phenobar-
bital, phenytoin, and ephedrine [19, 24, 30].

Spirometry

Functional tests of the respiratory systemwere carried
out according to ERS (European Respiratory Society)/ATS
(American Thoracic Society) standards [19, 24, 30, 50].

Skin Prick Tests

Skin prick tests were performed according to the
guidelines of EAACI (European Academy of Allergy and
Clinical Immunology) [51].

Asthma Control Test

The level of asthma control was assessed with Asth-
ma Control Test (ACT™) recommended by the GINA
Report. Asthma control level was calculated on the basis
of the following patients’ results obtained in ACT: 00–19
points—no asthma control, 20–24 points—partially con-
trolled asthma and 25 points—well-controlled asthma [5,
19, 48, 49, 52, 53].

BMI

Obesity was evaluated by means of the body mass
index (BMI) [54, 55].

Isolation of DNA

Venous blood samples were collected from the par-
ticipants onto EDTAK3 (ethylenediaminetetraacetate) vac-
uum blood collection tubes (SARSTEDT AG & Co.;
Nümbrecht, Germany). DNA was obtained from the pe-
ripheral blood leukocyte fraction. The genetic material was
isolated using QIAamp DNA Blood Mini Kit (QIAGEN
Inc., USA) according to the guidelines provided by the
manufacturer.

NR3C1 Gene Tth111I Polymorphism Genotyping
with PCR-HRM Method

The Tth111I polymorphism of the NR3C1 gene was
genotyped using the PCR-HRM method with application
of LightScanner® 32 System, that is the fastest Real-Time
PCR combined with the most accurate Hi-Res Melting®
(Idaho Technology Inc., Utah, USA). Exponential amplifi-
cation of DNA segments for Tth111I polymorphism was
carried out using a forward primer (5′-GGA TGA ATC
CCT ATC TGA GTG-3′) and a reverse primer (5′-GGC
CAC AAC AAT AAC CCA GTA-3′) according to the

standard PCR protocol. Starter binding to complementary
DNA matrix sites was conducted at 58 °C [19].

The first stage of HRM analysis involved amplifica-
tion of the investigated DNA fragment containing the
analyzed Tth111I SNP on the 1:50 matrix using a forward
primer (5′-GCAGAGGTGGAAATGAAGGTG-3′) and
a reverse primer (5′-GGA GTG GGA CAT AAA GCT
ATG ACA-3′), then denaturation and slow renaturation to
form a heteroduplex. At the last stage, the mixture was
subjected to precise denaturation in the presence of inter-
calating stain, and identification of DNA fragments
(Tth111I SNP) was based on the analysis of melting curves
[19]. The LightScanner® High Sensitivity Master Mix
(Idaho Technology Inc., Utah, USA) was used for the
reaction. It is a specialized master mix containing LCGreen
Plus® dye and internal temperature calibrators. The obtain-
ed product was subjected to internal control using a mo-
lecular probe C3 labeled carbon at the 3 -terminal portion
(labeled, 3′ blocked oligonucleotide; 5′-ATG TAT TCA
GAC TCA GTC AAG GCA AGG ACC T[SpcC3]-3′)
[38–42]. The selected SNP samples were verified once
again by sequencing.

NR3C1 Gene BclI Polymorphism Genotyping
with the PCR-RFLP Method

Amplification of the DNA fragment containing BclI
polymorphism of the NR3C1 gene was conducted using
starters with the following sequences: a forward primer (5′-
GAG AAA TTC ACC CCT ACC AAC-3′) and a reverse
primer (5′-AGA GCC CTA TTC TTC AAA CTG-3′) ac-
cording to the standard PCR protocol [19, 22, 25, 56].
Starter binding to complementary DNA matrix sites was
conducted at 56 °C. BclI restriction enzyme (Fermentas
International Inc., Burlington, Canada) was used for diges-
tion of the amplification product containing the Bc1I poly-
morphism [19, 22, 25, 56]. Hydrolysis of the PCR product
with the restriction enzyme was conducted for 24 h at
55 °C. DNA fragments containing 263 and 151 base pairs
identified as a set of representative, typical (wild type)
alleles were obtained, as well as segments with 418, 263,
and 155 base pairs. The RFLP product of 418-bp length
was identified as a set of polymorphic alleles. RFLP prod-
ucts were separated by electrophoresis on 8 % polyacryl-
amide gel, stained with etidium bromide and observed in
UV light (Image Master Pharmacia Biotech Video Docu-
mentation System (VDS), Pharmacia Biotech, Sweden)
[19, 22, 25]. Representative, typical homozygotes, as well
as heterozygotes were sequenced and used as internal
control.
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NR3C1 Gene ER22/23EK Polymorphism Genotyping
with the PCR-RFLP Method

Amplification of the DNA fragment containing
ER22/23EK polymorphism of the NR3C1 gene was con-
ducted using starters with the following sequences: a for-
ward primer (5′-TGCATT CGGAGT TAACTAAAA-3′)
and a reverse primer (5′-ATC CCA GGT CAT TTC CCA
TCA-3′) [19, 56]. Starter binding to complementary DNA
matrix sites was conducted at 56 °C. MnlI restriction en-
zyme (Fermentas International Inc., Burlington, Canada)
was used for digestion of the amplification product con-
taining the ER22/23EK polymorphism [19, 56]. Hydroly-
sis of the PCR product with the restriction enzyme was
conducted for 24 h at 37 °C. DNA fragments with 149 and
163 bp (and shorter fragments containing 50, 49, and 35
base pairs) were obtained as a set of representative, typical
(wild type) alleles, whereas segments of 163 and 184 bp
(and shorter fragments containing 50 and 49 base pairs)
constituted a set of polymorphic alleles. RFLP products
were separated by electrophoresis on 8 % polyacrylamide
gel, stained with ethidium bromide and observed in UV
light (Image Master Pharmacia Biotech Video Documen-
tation System (VDS), Pharmacia Biotech, Sweden) [19,
22, 24, 25, 30]. Representative, typical homozygotes, as
well as heterozygotes were sequenced and used as internal
control.

NR3C1 Gene N363S Polymorphism Genotyping
with the PCR-RFLP Method

Exponential amplification of DNA segments for the
N363S polymorphism was carried out using a forward
primer (5′-CCA GTA ATG TAA CAC TGC CCC-3′) and
a reverse primer (5′-TTC GAC CAG GGG AAG TTC
AGA-3′) according to the standard PCR protocol. Starter
binding to complementary DNA matrix sites was conduct-
ed at 56 °C. Amplified DNA sequences of 357 bp length
were obtained. The material was incubated with
FastDigest® Tsp509I (TasI) restriction enzyme (Fermentas
International INC., Burlington, Canada) at 65 °C for 1 h.
DNA fragments of 135, 73, 70, 60 and 19 bpwere obtained
as a set of representative, typical (wild type) alleles, where-
as segments of 135, 92 (73+19 bp), 70, and 60 bp consti-
tuted the set of polymorphic alleles [24, 25, 30, 56]. RFLP
products were separated by electrophoresis on 8 % poly-
acrylamide gel 1:20, stained with ethidium bromide, and
observed in UV light (Image Master Pharmacia Biotech
Video Documentation System (VDS), Pharmacia Biotech,
Sweden) [19, 22, 24, 25, 30]. Representative, typical

homozygotes, as well as heterozygotes were sequenced
and used as internal control.

TGF-beta (β) mRNA Expression

An amount of 10 μg total RNA was extracted from
the peripheral blood lymphocytes using TRI Reagent®
Solution (Ambion, NY, USA) according to the standard
acid-guanidinium-phenol-chloroform method [57]. The
extracted RNAwas analyzed by agarose gel electrophore-
sis and only cases with preserved 28S, 18S, and 5S ribo-
somal RNA bands, indicating good RNA quality, were
used in the study. Total RNA was digested with DNase
(GIBCO, Life Technologies, NY, USA) at room tempera-
ture for 15 min. The amount of purified RNA was deter-
mined using spectrophotometry at 260 nm in a Nanodrop
analyzer (ND-100, Nanodrop Technologies, Wilmington,
DE, USA) [36]. The purity was verified according to the
260/280 nm ratio, with values between 1.8 and 2.1 indi-
cating that RNA quality was optimal and suitable for
quantitative real-time PCR (qRT-PCR) [36, 57].

Reverse transcription of 1 μg RNA was performed
using an AccuScript PfuUltraII RT-PCR kit (Agilent Tech-
nologies, CA, USA). The complementary DNA (cDNA)
was subjected to real-time quantitative PCR using gene-
specific primers (5′-GGT ACC TGA ACC CGT GTT
GCT-3′ and 5′-TGT TGC TGT ATT TCT GGT ACA
GCT C-3′ Sigma-Aldrich, Germany) for TGFβ-1 and (5′-
AGC CAC ATC GCT CAG ACA-3′ and 5′-GCC CAA
TACGAC CAAATC C-3′ IBB PAN, Polska) for GAPDH
using a Brilliant II SYBRGreen QRT-PCRMasterMix Kit
(Stratagene, CA, USA). Amplification was performed
using the normal two steps and a standard thermal profile.
Primer annealing temperature was 61 °C, and primer an-
nealing time was 20 s. An Agilent Technologies Stratagene
Mx3000P was used for the PCR reaction. For each sample,
the CT (threshold cycle) values were calculated with the
help ofMx-Pro software. The RT-PCR amplification of the
TGFβ-1 gene was compared to that of GAPDH (glyceral-
dehyde 3-phosphate dehydrogenase), a house-keeping ref-
erence gene, and ΔCT values were determined
(ΔCT=CT,GENE - CT,GAPDH). Real-time PCR data was
automatically calculated with the data analysis module.
The results were analyzed according to the 2−ΔΔCT

method [36, 58, 59]. Validation of PCR efficiency was
performed with a standard curve [36].

Statistical Analysis

Nominal variables were given as numbers with ap-
propriate percentage whereas continuous variables as
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means with standard deviations. The chi-square test with
Yate’s correction and the Fisher’s exact test with Freeman-
Halton extension were used to test the associations.
Continuous variables were analyzed using the Mann-
Whitney’s U test or analysis of variance (ANOVA) de-
pending on the number of compared groups. Correlation
coefficients were calculated with the Spearman’s rank test.
The Hardy-Weinberg equilibrium (HWE) test of SNP was
performed using Michael H. Court’s (2005–2008) online
calculator (http://www.tufts.edu/~mcourt01/Documents/
Court%20lab%20-%20HW%20calculator.xls). P levels
lower than 0.05 were considered as statistically significant.
Statistica 10.0 package (Statsoft, Tulsa, OK, USA) was
used for statistical analysis.

The genotyping was performed by two investigators
who were unaware of the phenotypes.

RESULTS

Frequencies of the NR3C1 gene polymorphic forms
in the population studied (controls and cases) were evalu-
ated. Frequencies of particular SNP genotypes and single
polymorphic alleles of the glucocorticoid receptor gene
were calculated. Table 1 presents frequencies of genotypes
and particular alleles of SNP(s) studied.

TGF-β 1 mRNA expression values were evaluated
separately for controls and cases as well as combined
together. The data is presented in Table 2.

The impact of theNR3C1 gene polymorphic forms on
the level of the TGF-β 1 expression in the populations

studied was analyzed. Significant correlations between the
Tth111I SNP genotypes and the level of the TGF-β 1
mRNA expression were found. There were statistically
significant correlations between particular genotypes (the
GG and AA homozygotes) of the SNP analyzed
(p=0.0103). It was stated that Tth111I SNP significantly
(p=0.0115) correlated with the level of the TGF-β 1
mRNA expression [R2=0.10; beta coefficient (AA)=0.39
(95 % confidence interval (CI) −0.70 to −0.08); beta coef-
ficient (AG)=0.10 (95 % CI −0.21 to 0.41)]. The AA
genotype of Tth111I correlated with the highest level of
the TGF-β 1 mRNA expression, while the GG genotype
correlated with its lowest level. Figure 1 presents the
detailed correlation between the TGF-β 1 mRNA expres-
sion levels and NR3C1 gene polymorphic forms.

No statistically significant correlation was observed
between the BclI SNP genotypes and the level of the TGF-
β 1 mRNA expression as well as between particular geno-
types of SNP studied. BclI SNP did not correlate
(p=0.9753) with the level of the TGF-β 1 mRNA expres-
sion [R2=0.01; beta coefficient (GC)=0.08 (95%CI −0.23
to 0.39); beta coefficient (CC)=−0.10 (95 % CI −0.42 to
0.21)]. The detailed relationships of the TGF-β 1 mRNA
expression level to SNP of the NR3C1 gene are presented
in Fig. 2.

There was no statistically significant correlation ob-
served between the ER22/23EK SNP genotypes and the
level of the TGF-β 1 mRNA expression as well as between
particular genotypes of this SNP. ER22/23EK SNP was
found not to correlate (p=0.4898) with the TGF-β 1
mRNA expression level [R2=0.02; beta coefficient
(GA)=−0.15 (95 % CI −0.36 to 0.07)]. The detailed
relationships of the level of the TGF-β 1 mRNA expres-
sion to the NR3C1 gene SNP is shown in Fig. 3.

Statistically significant correlations between N363S
SNP genotypes and the level of the TGF-β 1 mRNA expres-
sion, as well as between particular genotypes (AA homozy-
gote and AG heterozygote) of the SNP studied (p=0.0103)
were noted. N363S SNP significantly (p=0.0119) correlated

Table 2. The TGF-Β 1 Expression Level in Controls and Cases. A
Detailed Description in the Text. The Authors’ Own Drawing-up

TGF-β 1 mRNA expression level

Parameter Controls Cases Controls+cases

Mean value dCT −5.179 −3.371 −4.021
Min. dCT −14.135 −18.465 −18.465
Max. dCT 9.105 8.170 9.105
±SD 6.461 7.034 6.860

Table 1. Distribution of Frequencies of Tth111I, BclI, ER22/23EK, and
N363S of the NR3C1 Gene in the Population of Controls and Patients. A

Detailed Description in the Text. The Authors’ Own Drawing-up

Frequencies of the NR3C1gene polymorphic forms

SNPs of NR3C1 gene Genotype Allele
Tth111I AA=0.098 A=38.618 %

G=61.382 %AG=0.577
GG=0.325

BclI CC=0.053 C=19.783 %
G=80.217 %CG=0.289

GG=0.658
ER22/23EK AA=0.000 A=2.174 %

G=97.826 %AG=0.043
GG=0.957

N363S AA=0.781 A=78.049 %
G=21.951 %AG=0.152

GG=0.067
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with the level of the TGF-β 1 mRNA expression [R2=0.10;
beta coefficient (AA)=−0.32 (95 % CI −0.55 to −0.08); beta
coefficient (AG)=−0.01 (95 % CI −0.24 to 0.22)]. The AA
genotype of N363S SNP was found to correlate with the
highest TGF-β 1 mRNA expression level, while the AG
genotype correlated with the lowest level. The detailed cor-
relations of the TGF-β 1 mRNA expression level for SNP of
the NR3 C1 gene are shown in Fig. 4.

Moreover, it was observed that the level of clinical
control of asthma symptoms evaluated by ACTTM was
affected by other variables. A significant effect of BMI
value (p=0.0075) on the loss of control of the disease
symptoms was detected. Figure 5 presents the correlation
between the level of asthma control (ACTTM) and the BMI
values.

Furthermore, it was found that cigarette smoking
significantly (p=0.0081) affected (β=−0.20) loss of con-
trol expressed by scores obtained in the ACTTM test. The
association between allergy and asthma prevalence was
also assessed. Allergy was found to worsen asthma
control and the control level depended on the number of
allergens (p=0.0028). Obviously, the greater the number of
allergens the patient is sensitized to, the less the ACTTM

scores are (R=−0.22).

Figure 6 presents the correlation between the ACTTM

score values and the number of allergens.

DISCUSSION

Asthma is a complex disease involving numerous
cells and cell-secreted substances. It is a chronic, inflam-
matory disease of the respiratory system, determined mul-
tifactorially. The complex etiopathogenesis, leading to the
development of bronchial hyperresponsiveness, recurrent
episodes of wheezing, cough, and dyspnea, is determined
by interactions of hereditary and environmental factors.
The clinical picture results from the complicated gene-
gene and gene-environment interactions [5, 19, 24, 30].

From the clinical point of view, determination of the
level of patient’s hypersensitivity to GCs is very important.
In part of patients resistant to GCs, familial occurrence of
hypersensitivity to this group of drugs can be noticed. The
disease is characterized by the presence of high concentra-
tion of cortisol in blood, without symptoms of Cushing’s
syndrome. High 24-h excretion of free cortisol can be
observed. Resistance to GCs is familially determined by
the occurrence of mutations in the NR3C1 gene, which

Fig. 1. The impact of the NR3C1 gene Tth111I SNP genotypes on the TGF-β 1 mRNA expression level. A detailed description can be found in the text. The
authors’ own drawing-up.
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change the amino acid content in structural receptor re-
gions containing functional domains determining its bio-
logical action. A normal value of cortisol concentration is
noted in patients with asthma and lowered response to
GCs, as opposed to patients with familial resistance to
GCs (in whom changes in the cortisol concentration in
blood are recorded). They do not demonstrate characteris-
tic features of Addison disease either. [5, 8, 11, 13, 20, 31,
60].

Inefficient treatment with GCs in some patients can
result from increased density of complement receptors on
monocytes. In these patients, a lack of change in the
expression of these receptors after GC administration has
been seen, which is a characteristic reaction in steroid-
sensitive patients [5, 61].

In patients resistant to treatment, chronic inflammato-
ry process, through cytokines IL-2 and IL-4, activates
p38MAP kinases (p38 mitogen-activated protein kinase),
which phosphorylate GR decreasing its affinity to GCs [62,
63]. Other kinases such as MAPK (mitogen-activated
protein kinase) affect GR affinity to GCs. Extracellular
kinase, MAPK, controlled by a signal resulting from T
lymphocyte excitation by coreceptors or superantigens
affects phosphorylation of the GC receptor and regulates

its functions. This may lead to enhancement of the GRβ
expression. After stimulation of T lymphocytes by IL-2,
JAK3/STAT5 (Janus kinase 3/signal transducer and activa-
tor of transcription 5) is an element exerting effect on GR
activity. This reaction is associated with the improper
SOCS (suppressor of cytokine signaling) expression. The-
se patients, after receiving GCs do not demonstrate an
elevated level of phosphotyrosine associated with the
growth factor, which results in intensified inflammation
[8, 62]. Patients with lowered sensitivity to GCs are char-
acterized by the increased cellular activity of JNK (c-Jun
N-terminal kinase). In asthmatic patients, a decreased ex-
pression of double MAPK (MKP-1) phosphatase reduces
the ability to counteract p38MAPK and JNK activation.
This leads to impairment of biological balance of
p38MAPK/MKP-1 and lack of sens i t iv i ty to
glucocorticosteroids. Phosphorylation pathways dependent
on this group of kinases may contribute to inhibiting GC
activity [8, 62].

Bearing in mind the above complex model of induc-
ing lack of sensitivity to GCs, it is worth noticing that the
significant impact of the NR3C1 gene polymorphic forms
on the TGF-β 1 mRNA expression level has been indicat-
ed in the present study. Two of four analysed SNPs

Fig. 2. The effect of BclI SNP genotypes of theNR3C1 gene on the level of the TGF-β 1mRNA expression. The detailed description in the text. The authors’
own drawing-up.
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significantly clinically correlated with the TGF-β 1 expres-
sion. Both Tth111I SNP and N363S SNP affected the
increase in the level of the TGF-β 1 mRNA expression,
thus leading to intensification of inflammation in the
course of asthma. The Tth111I AA genotype and the
N363S AA genotype most strongly induced the increase
in TGF-β 1 values. Due to the fact that NR3C1 gene SNPs
intensify non-sensitivity to GCs, it should be emphasized
that Tth111I and N363S significantly modulate the level of
TGF-β 1 in patients with asthma, who are treated with
GCs. The product of the expression of two A alleles of
each polymorphism studied, Tth111I and N363S, appeared
to be a determinant most strongly correlated with the
increase in the TGF-β 1 level and the loss of asthma
control. Hence, the Tth111I SNP AA genotype and the
N363S SNP AA genotype are significant molecular risk
factors for the development of severe and resistant to
treatment asthma. Tth111I SNP is associated with the in-
creased cortisol level in the blood observed during the day
and the reduced cortisol secretion after administration of
1 mg dexamethasone (DEX) [19, 20, 23]. It is believed that
resistance to GCs and a normal metabolic profile in carriers
of Tth111I SNP is a result of the occurrence of the ER22/
23EK polymorphism in these patients [16, 19, 20].

Numerous studies confirm the role of N363S SNP in
increasing the ability of the GCs-GR complex to
transactivate target genes [19, 24, 30, 35, 64]. Patients with
an uncontrolled inflammatory phenotype and moderate
and severe asthma are characterized by a higher frequency
of the AA variant of the NR3C1 gene N363S polymor-
phism as compared to the control group, which is associ-
atedwith the reduced sensitivity of cells to GCs [19, 24, 30,
64]. In the population of patients with uncontrolled asthma,
a lower frequency of AG and GG polymorphic variants of
N363S SNP was noted, which was related to a weakened
response to anti-inflammatory treatment with GCs. The
measurable effect of the lack of occurrence of N363S
polymorphic variants of the NR3C1 gene was the loss of
control of asthma symptoms, confirmed by ACT™ results.
The occurrence of codon 363 AG or GG variants correlates
with the increase in anti-inflammatory effects of treatment
with GCs and the lower risk of uncontrolled asthma (severe
and moderate) [19, 24, 30, 64]. Therefore, GR non-
sensitivity to GCs caused by Tth111I and N363S polymor-
phic forms of the NR3C1 gene results in a significant
clinical lack of inhibition of the TGF-β 1 mRNA expres-
sion in asthma, which was confirmed in the present study
by the control group (healthy volunteers). An increase in

Fig. 3. The effect of ER22/23EKSNP genotypes of theNR3C1 gene on the level of the TGF-β 1mRNA expression. The detailed description in the text. The
authors’ own drawing-up.
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the TGF-β 1 expression is a clinically and prognostically
unfavorable phenomenon, which leads to progression of
the disease and contributes to maintaining bronchial

obstruction. It is worth emphasizing that TGF-β apart from
Smad protein-dependent transduction pathway can also
affect MAPK [37]. Moreover, TGF-β blocks the

Fig. 5. The diagram showing the correlation between ACTTM and BMI values. The detailed description in the text. The authors’ own drawing-up.

Fig. 4. The effect of the N363S SNP genotypes of the NR3C1 gene on the level of the TGF-β 1 mRNA expression. The detailed description in the text. The
authors’ own drawing-up.
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expression of cytokines D2, E, CDK4 and c-myc in T
lymphocytes, influencing cell division processes. TGF-β
also inhibits the T1 and T2 lymphocyte differentiation
through the inhibition of the expression of transcription
factors T-bet and STAT-4 (signal transducer and activator
of transcription 4) in T1 lymphocytes and GATA-3
(trans-acting T-cell-specific transcription factor GATA-
3) as well as STAT-6 in T2 lymphocytes [37]. It should
be added that TGF-β 1 plays an important role in the
epithelial-mesenchymal transition (EMT) mechanism,
which is responsible for the accumulat ion of
subepithelial mesenchymal cells, thereby contributing
to increased contract i le cel l mass and airway
hyperresponsiveness [65]. In this process, epithelial cells
lose their typical cell-cell junctions and cell polarity and
acquire a more mesenchymal phenotype [65]. Various
cytokines, such as interleukins, enhance EMT in respi-
ratory epithelial cells in a TGF-β1-dependent manner
[65]. This mechanism promotes airway remodelling in
asthma. EMT process increases airway smooth muscle
mass and TGF-β1 signaling in the lungs [65], which has
been confirmed in many experimental studies on models
of animal chronic house dust mite-driven allergic airway
inflammation [65]. Remodelling of the bronchi in the
EMT mechanism is characterized by specific changes
in the bronchi in a form of loss of epithelial markers
including cytokeratins, tight junction proteins, and E-
cadherin. In this process, the presence of mesenchymal

markers such as vimentin and N-cadherin, and increased
expression of the Snail, Twist, and Zeb transcription
factors have been observed [65]. Our clinical observa-
tions require further experimental studies to objectify
these phenomena.

In asthmatic patients, the occurrence of non-
sensitivity to glucocorticosteroids poses a difficult thera-
peutic problem. Not all patients from this group reveal a
complete resistance to GCs. Drug action is manifested after
administration of high doses, higher than standardly rec-
ommended. There is a certain group of patients with asth-
ma in whom even optimal treatment does not lead to total
control of asthma [8, 19, 24, 30, 66].

Bearing in mind clinical implications concerning
the occurrence of NR3C1 gene polymorphic forms as
well as the reduced response to GCs and increase in the
level of TGF-β 1 expression, it should be stated that the
treatment of asthmatic patients with different levels of
sensitivity to GCs poses a complex diagnostic and
therapeutic problem. In this group of patients, re-
searchers recommend verification of the diagnosis, eval-
uation of patients’ compliance with doctor’s orders, and
elimination of additional environmental factors (e.g.,
reduction in body mass and efficient treatment of
allergy—immunotherapy) and concomitant diseases [6,
66, 67]. Confirmation of asthma diagnosis and monitor-
ing of the control level of asthma symptoms are
recommended.

Fig. 6. The diagram showing the correlation between ACTTM scores and the number of allergens. The detailed description in the text. The authors’ own
drawing-up.
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SUMMARY

Current knowledge and recognition of molecular
mechanisms inducing different levels of resistance to
glucocorticosteroids provides a chance for more efficient
therapy and its adjustment to patients’ needs. Non-
sensitivity to GCs is determined multifactorially. Both
genetic (e.g., NR3C1 gene polymorphic forms, expression
level of transcription factors, proinflammatory proteins) as
well as environmental factors (allergy, atopy, smoking,
obesity, inflammation) determine a proper response to this
group of drugs. Therefore, therapy should be individual-
ized and based on holistic evaluation of the clinical state of
the patient.

The present study showed a significant impact of
polymorphic forms (Tth111I and N363S) of the NR3C1
gene on intensification of asthma inflammation mea-
sured by the level of the TGF-β 1 expression. AA
genotypes of Tth111I and N363S SNPs are significant
risk factors for an increase in the TGF-β 1 mRNA
expression level. Thereby, they can contribute to the
epithelial-mesenchymal transition, resulting in unfavor-
able bronchial remodelling and promotion of
hyperesponsiveness. The increase in the level of TGF-
β 1 was observed in the group of studied patients with
asthma, which could enhance the bronchial remodelling,
lower the values of spirometric parameters, worsen the
disease control, lead to maintenance of bronchial ob-
struction, and worsen quality of life. Moreover, atten-
tion was paid to such individual factors as obesity
(BMI) or allergy, which correlated with the loss of
control of asthma symptoms (reduced scores in the
ACTTM test).

The future development of new molecular diagnostic
tests, new anti-inflammatory drugs, and the use of efficient
forms of targeted therapy give hope for better quality of
health and life of patients with asthma [6, 8, 68–70].
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