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Role of IL-15 in the modulation of
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Abstract. Transforming growth factor (TGF)-f1 has an
essential role in bronchitis and the induction of bronchial
remodelling, which are critical processes in the pathogenesis
of asthma. However, the role of interleukin (IL)-15 in asthma
inflammation remains unclear. The aim of the present study
was to evaluate the effect of TGF-p1 mRNA expression on
IL-15 mRNA expression in asthmatic patients and to assess
the role of IL-15 in the clinical course of asthma. The study
included 221 participants, comprising 130 patients with
asthma and 91 healthy volunteers. The participants were
subjected to testing using spirometry, as well as the Asthma
Control Test™ and Borg Scale. The expression of TGF-f1
and IL-15 mRNA was analyzed in blood samples using
reverse transcription-quantitative polymerase chain reaction.
Statistical analysis indicated that IL-15 and TGF-f1 mRNA
expression each differed significantly between the patient
and control groups (P=0.0016 and P=0.033, respectively). A
significant correlation was identified between IL-15 expression
and TGF-B1 expression (R=0.41, P=0.0005). No correlation
was observed between IL-15 expression and the degree of
asthma severity, the results of spirometric examination or the
frequency of asthma exacerbations. Further analysis revealed
that IL-15 expression was elevated following the administra-
tion of inhaled glucocorticosteroids (iGCs; P=0.024), and
reduced following methylxanthine treatment (P<0.001).
The occurrence of dyspnoea differed between the study and
control groups, and this was not found to be associated with
IL-15 expression. Since IL-15 expression was correlated with
TGF-B1 expression among asthmatic patients, and IL-15
expression was elevated following iGC administration, the
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results of the study suggest that IL-15 activity might be associ-
ated with the pathogenesis of asthma.

Introduction

Bronchial asthma is a chronic, heterogeneous inflammatory
disease of the respiratory tract that leads to bronchial hyperre-
activity and obturation (1,2). It is characterized by considerable
phenotypic and endotypic variability (3).

The immunological processes responsible for inflam-
mation are an important issue in asthma. One of the key
immunomodulating cytokines is transforming growth factor
(TGF)-p, which has three isoforms (TGF-31,2 and 3). TGF-1
is a protein from the TGF-f§ subfamily, which comprises >30
cytokines. TGF-f1 regulates the production of the extracel-
lular matrix and stimulates fibroblast production through
the mothers against decapentaplegic (SMAD) cascade (4,5).
By inducing the expression of matrix metalloproteinases
(MMPs) and their inhibitors (TIMPs), TGF-B1 regulates
the production of fibroblast growth factor 2 or induction of
the connective tissue growth factor, and induces fibronectin
synthesis through the direct activation of c-Jun N-terminal
kinase (6.7).

TGF-p1 also plays an important role in airway remodelling
in asthma, as it increases the proliferation of airway smooth
muscle cells via the mitogen-activated protein kinase pathway
and by upregulation of the a5f1-integrin receptor, which
plays a key role in the process of proliferation (7). TGF-p1
exerts its pro-inflammatory effects through the induction of
eosinophil, macrophage, B lymphocyte, neutrophil and masto-
cyte chemotaxis (8). It is a proliferative factor for mastocytes
and neutrophils and may activate their degranulation (9).
The induced inflammation is manifested by the suppression
of T-helper (Th)2 lymphocytes and inhibition of eosinophil
differentiation (8,9). As TGF-B1 has numerous functions in
the body, a change in its expression has the ability to seriously
affect the course of asthma.

Interleukin (IL)-15 is another notable cytokine with regard
to asthma. It is a 4a-helix protein that is structurally similar
to IL-2, a growth factor and modulator of T lymphocytes and
natural killer (NK) cells, whose increased level is observed in
bronchoalveolar lavage cells in asthmatic patients, particularly
those with steroid-resistant asthma (10,11). The IL-15 gene is
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localized on chromosome 4q31 (12). IL-15 mRNA expression
occurs in numerous cells, including fibroblasts, epithelial cells,
monocytes and dendritic cells (11). Unlike IL-2, whose expres-
sion is only detected in activated T lymphocytes, IL-15 mRNA
is subject to low-level constitutive expression that increases in
response to infections, particularly in macrophages exposed
to lipopolysaccharides and mycobacteria (13,14). Although
IL-15 itself is not downregulated in the presence of IL-4,
IL-13 or TGF-f, its mRNA level has been reported to increase
following stimulation by IL-10, which also inhibits other
monokines (13).

IL-15 is a growth and differentiation factor for NK
cells (15), which also affects the proliferation of B lympho-
cytes and the production of antibodies (16). It has been
demonstrated to have pro-inflammatory properties in rheu-
matoid arthritis and sarcoidosis (17). However, the role of
IL-15 in asthma remains unclear. Certain authors claim that
while it does not play any role in the inflammatory process
in asthma, it influences the course of pulmonary inflam-
matory diseases in which the inflammation is mediated by
Th1 lymphocytes (18). The results of other studies indicate
that IL-15 inhibits eosinophil apoptosis (19), induces IL-5
synthesis through Th cell activity (20) and suppresses the
Th2-dependent response by promoting the Thl response in
asthmatic mice (21). Experiments on cell lines and the exam-
ination of bronchoalveolar lavage fluid have revealed that
IL-15 expression in macrophages is increased in Rhinovirus
infections, and that this mechanism is impaired in asth-
matic patients (22). Moreover, IL-15 expression measured
in induced expectorated matter and sputum cell culture
has been shown to increase following the administration of
glucocorticoid therapy (23).

As IL-15 appears to play a significant role in the pathogen-
esis of asthma, the aim of the present study was to evaluate
the potential association between IL-15 and TGF-f1, as well
as various clinical parameters, by measuring the expression of
IL-15 mRNA in asthmatic patients.

Materials and methods

Patients and controls. The study was approved by the bioethics
committee at the Medical University of Lodz (Lodz, Poland;
nos. RNN/133/09/KE and RNN/31/14/KE). Prior to the study,
written informed consent was provided by all participants.
The study comprised 221 asthmatic and healthy volunteers, all
of Caucasian ethnicity, who were recruited in Norbert Barlicki
University Clinical Hospital No. 1 (Lodz, Poland) between
October 2010 and June 2015.

The asthmatic patient group comprised 130 people
diagnosed in compliance with Global Initiative for Asthma
(GINA) guidelines (24), on the basis of clinical symptoms
and lung functional activity. In addition to providing written
consent and having a diagnosis of asthma according to GINA
guidelines, inclusion on the study also required a good quality
spirometry result and Asthma Control Test (ACT™) results.
Of the 130 patients, 26 (20%) had mild asthma, 61 (46.92%)
moderate asthma and 43 (33.08%) severe asthma according
to the GINA criteria. The exclusion criteria comprised the
following: Symptoms of a viral infection, either systemic and
of the respiratory tract, or an ongoing episode of clinically
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significant exacerbation, defined as a progressive increase in
symptoms sufficient to require a change of treatment.

The control group consisted of 91 healthy volunteers
fulfilling the following criteria: No history of asthma, symp-
toms of asthma or other pulmonary diseases, no history or
symptoms of allergy, no history or symptoms of atopic derma-
titis, no history or symptoms of hyperreactivity to aspirin, and
no symptoms of infection in the previous 3 months.

The mean + standard deviation age of the 221 volunteers
was 49.16+15.79 years (range, 20-82 years). The asthmatic
patient group consisted of 82 (63.1%) females and 48
(36.9%) males, with a mean age of 50.10+15.11 years (range,
20-80 years). Of the 91 volunteers from the control group, 56
(61.5%) were female and 35 (38.5%) male, with a mean age of
47.82+16.72 years (range, 21-80 years).

Assessment of obturation and the degree of asthma. Following
the guidelines of the Polish Society of Lung Diseases (25),
obturation and the degree of asthma were evaluated on the
basis of the three optimum spirometry measurements, as
defined below. A statistician analyzed the forced expira-
tory volume in 1 sec (FEV1) expressed in liters, FEV1%
(measured FEV as a percentage of the expected value) and the
FEVl/forced vital capacity (FVC) index (FEV1 to FVC ratio,
expressed as a percentage). The spirometric examination was
performed at a hospital outpatient clinic, in compliance with
European Respiratory Society/American Thoracic Society
standards (26): At least three FVC manoeuvers which met
within-manoeuver (good start; extrapolated volume <5%
of FVC or 0.15 liters, whichever is greater; lack of artefacts
such as cough or leak; exhalation time =6 sec, or plateau in
the volume-time curve) and between-manoeuver (difference
between largest and next largest FVC and FEV1 are <0.15
liters) acceptability criteria.

In the asthmatic patient group, the mean value of
FEV1 was 2.28+0.89 liters; the mean value of FEV1%
was 75.53+20.28%; and FEV1/FVC was 67.98+11.88%. In
the control group, the mean value of FEV1 was 2.94+0.83
liters; the mean value of FEV1% was 96.14+12.15%; and
FEVI1/FVC was 79.43+6.62%. Table I presents the baseline
characteristics of the two groups.

The degree of asthma control was evaluated with the appli-
cation of the ACT™, a five-question questionnaire, prepared
by Nathan ez al (27). The following criteria were adopted:
0-19 points, uncontrolled; 20-24 points, partly controlled; =25
points, well-controlled.

In addition, participants were asked to complete a Borg
Scale questionnaire, used for the psychosocial evaluation
of perceived exertion (28). Information on drug treatments
received was obtained from the patient's disease history.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Venous blood was collected from the
participants in test tubes filled with ethylenediaminetetraac-
etate (Sarstedt AG, Niimbrecht, Germany). RNA was then
isolated from peripheral blood lymphocytes with the appli-
cation of TRI Reagent® Solution (Ambion; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) according to the standard
acid guanidinium-phenol-chloroform procedure (29,30). The
quality of the isolated RNA was evaluated with spectrometry
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Table I. Baseline characteristics of the study population including epidemiological data and pulmonary function.

A, Healthy control (n=91)

Parameter Mean Median Minimum Maximum Standard deviation
Age, years 47.82 50.00 21 80 16.72
BMI 26.08 25.30 18.30 42 .00 441
FEV1,1 2.94 2.97 1.40 4.85 0.83
FEV1, % 96.14 95.00 66.00 128.00 12.15
FVC,1 3.71 348 1.87 1.87 1.87
FVC, % 101.59 101.00 71.00 150.00 14.39
FEV1/FVC, % 79.43 78.38 64.15 95.15 6.62
B, Asthmatic patients (n=130)

Age, years 50.10 52.00 20 80 15.11
BMI 26.93 26 .40 17.80 43.00 532
FEV1,1 228 2.25 0.79 4.68 0.89
FEV1, % 75.53 76.00 25.00 125.00 20.28
FVC,1 3.34 3.19 1.54 6.48 1.10
FVC, % 92.87 94.00 38.00 134.00 17.45
FEV1/FVC, % 67.78 7143 42.92 90.76 11.88

FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity, FEV1/FVC, ratio of FEV1 as to FVC.

at 260 nm using a Nanodrop ND-1000 analyzer (Thermo
Fisher Scientific, Inc.).

Following this, 1 ug RNA was reversely transcribed using
the ImProm-II™ Reverse Transcription system (Promega
Corporation, Madison, WI, USA) according to the manu-
facturer's protocol (annealing at 25°C for 5 min, first-strand
synthesis reaction at 42°C for 60 min, inactivation of reverse
transcriptase at 70°C for 15 min). The products were subjected
to qPCR using primers specific for the analyzed genes with
the application of Phusion High Fidelity DNA Polymerase
(Thermo Fisher Scientific, Inc.) and EvaGreen® dye (Biotum,
Inc., Freemont, CA, USA) and a Stratagene Mx3000P thermo-
cycler (Agilent Technologies, Inc., Santa Clara, CA, USA). The
following gene-specific primers were used: TGF-f31, forward
5'-GGTACCTGAACCCGTGTTGCT-3' and reverse 5-TGT
TGCTGTATTTCTGGTACAGCTC-3' (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany); IL-15, forward 5'-GGA
ATGTAACAGAATCTGGATG-3' and reverse 5-GTT
ATGTCTAAGCAGCAGAG-3' (Sigma-Aldrich; Merck
KGaA); and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), forward 5-AGCCACATCGCTGAGACA-3' and
reverse 5'-GCCCAATACGACCAAATCC-3' (Institute of
Biochemistry and Biophysics, Polish Academy of Sciences,
Warsaw, Poland).

The studied genes were amplified using a two-step process,
with standard temperature profiles. The primer annealing
temperature for TGF-1 was 61°C and the primer annealing
time was 20 sec. For IL-15, the primer annealing temperature
was 61°C and the primer annealing time was 15 sec. For
each sample, C, was calculated using Mx-Pro v4.10 software
(Agilent Technologies, Inc.). mnRNA expression in each sample

was measured three times and the mean value was calculated.
The values were then compared with those of GAPDH, used
as a reference gene. The AC, value was calculated for use in
the 224 analysis of the results as only the peripheral blood
mononuclear cells (PMBCs) from the patients were subjected
to RNA analysis (31,32).

Statistical analysis. Statistical analysis was performed with
STATISTICA 12 (StatSoft Polska Sp. z 0.0., Krakéw, Poland)
licensed software. P<0.05 was considered to indicate a statisti-
cally significant difference. The choice of tests was based
mainly on the distribution of variables and their types. The
main descriptive statistics used to characterize the individual
continuous variables were the mean and median, the SD, and
minimum and maximum values. Due to the relatively large
size of the test groups, Student's t-test was used for comparing
two groups, while analysis of variance with Fisher's post hoc
test was used for comparing multiple independent groups. To
evaluate the association between two continuous variables,
Spearman's correlation coefficient was used.

Results

IL-15 and TGF-B1 mRNA expression. Analysis of the
RT-qPCR results revealed a significantly higher level of IL-15
mRNA expression in the patient group compared with the
control group (P=0.0016; Fig. 1). TGF-f1 mRNA expression
was also significantly higher in asthmatic patients compared
with the control group (P=0.033), as shown in Fig. 2. Table II
presents the expression levels of these two cytokines in the
two groups.
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Figure 1. Comparison of the 2"2“ value of IL-15 mRNA expression in the
control group (no asthma, n=91) and asthmatic patients (asthma, n=131).
1L-15, interleukin 15; M, mean; SE, standard error; 95% CI, 95% confidence
interval.
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Figure 2. Comparison of the 22“ value of TGF-f1 mRNA expression in
the control group (no asthma, n=48) and asthmatic patients (asthma, n=40).
TGF-f1, transforming growth factor-f3; M, mean; SE, standard error; 95% CI,
95% confidence interval.

IL-15 correlation with asthma severity and spirometry results.
No significant correlation was identified between IL-15 mRNA
expression and the degree of asthma severity according to the
GINA criteria. However, a significant correlation was observed
between IL-15 expression and TGF-B1 expression (R=0.41,
P=0.0005), as presented in Fig. 3.

No significant correlation was observed between IL-15
expression and the results of the spirometric examination
(FEV1, FEV1% and FEV1/FVC) in the group of asthmatic
patients.

Association of IL-15 expression with various drug treat-
ments. Patients who had been treated, according to the
GINA guidelines available at the time of treatment, with
inhaled glucocorticosteroids (iGCs: Budesonide, ciclesonide,
beclomethasone and fluticasone; all doses were converted to
the budesonide equivalent dose) demonstrated higher IL-15
expression (24%4,1.00+0.59) compared with the controls (2°4“9,
0.70+0.41) (P=0.024). In addition, no clear association was
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observed between IL-15 expression and the dose of iGC as
an equivalent of budesonide. The expression levels of IL-15
mRNA in patients according to the iGC dose they received are
presented in Table III.

IL-15 mRNA expression did not differ according to whether
patients were treated or not treated for the last 3 months with
systemic glucocorticosteroids, or with short- and long-acting
betamimetics, tiotropium bromide or ipratropium bromide.
In addition, no association was detected between the level of
IL-15 mRNA expression and the use of antileukotrienes or
histamine H, receptor antagonists. However, in patients who
were treated with methyloxanthines (MXTs), IL-15 expression
was clearly lower (224, 0.60+0.04) compared with that in the
control group (224, 0.82+0.05) (P<0.001). Detailed results of
the IL-15 mRNA levels for patients treated or not treated with
the various types of drug are presented in Table I'V.

Table V presents information concerning the IL-15 mRNA
expression levels in patients treated with and without iGCs
and/or MXTs. IL-15 mRNA expression was lowest among the
patients who were not receiving MTXs or iGCs (24%4, 0.24).
It was higher in the group of patients treated with medium
and high doses of iGCs, and those who had been treated with
MTXs at the same time. Mean IL-15 mRNA expression was
highest among patients who had been treated with MTX and
iGC at the medium dose (229, 0.88), although these results
were not observed to be statistically significant.

Association of IL-15 expression with asthma exacerbations,
ACT results and Borg scale scores. IL-15 mRNA expression
did not contribute to more frequent exacerbations of asthma,
occurring at least two times a year (P>0.05). In addition, no
correlation was detected between IL-15 expression and the
ACT results (P>0.05).

Healthy volunteers from the control group demonstrated
lower values (1.42+1.30) on the Borg Scale compared with
asthmatic patients (3.9+2.9) (P=0.0001); however, this was not
found to be associated with IL-15 expression (P>0.05).

Discussion

TGF-p1 is a cytokine essential for the pathogenesis of inflam-
matory obstructive diseases of the respiratory system, and
the degree of its expression correlates with indices of airway
remodelling, the severity of asthma and asthma control
measured with the use of ACT (33,34). Identification of
pathways through which it affects the inflammatory process
occurring in lungs and consequently further bronchial remod-
elling are notable areas of study. One of the cytokines that
could potentially have a role in this process is IL-15. Its role in
asthma has not yet been fully explained; the results of studies
conducted so far are equivocal and do not give clear evidence
with regard to the etiopathogenesis of asthma.

Attempts to identify the association between TGF-f31 and
IL-15 have provided particularly promising results. Unlike the
role of IL-15, the role of genetic polymorphisms connected
with the TGF-f pathway in asthma is quite well known (35,36).
Studies concerning polymorphic forms of the IL-15 gene
conducted on a Danish population did not confirm an occur-
rence of any significant polymorphism of the IL-15 gene in the
etiology of asthma (37). Although one study, conducted using
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Table II. Expression levels of IL-15 and TGF-1 mRNA (AC,) in the healthy control group and asthmatic patients.

A, Healthy control

Parameter n Mean Median Minimum Maximum Standard deviation
IL-15 91 0.73 0.60 -1.24 4.27 0.94
TGF-p1 48 -8.70 -9.04 -14.15 -0.45 2.77

B, Asthmatic patients

IL-15 131 0.542 0.27 -1.51 4.57 0.97
TGF-p1 40 -10.28 -10.29 -18.46 -3.04 3.17

IL-15, interleukin-15; TGF-B1, transforming growth factor-p1.

Table III. Mean and SD values of IL-15 mRNA (AC,) expres- 5

sion and the dose of iGCs as an equivalent of budesonide in o

asthmatic patients. L

iGC dose (#g) Patients (n) Mean SD
0 13 091 1.36
1-1,000 68 0.24 0.87
>1,000 49 0.61 0.95

IL-15, interleukin-15; iGC, inhaled glucocorticosteroid; SD, standard
deviation.

a German population, identified a weak association between
IL-15 and childhood asthma, further studies did not confirm
any relationship between IL-15 gene polymorphisms and
asthma or atopic diseases (38-40).

The positive correlation between IL-15 mRNA and
TGF-f1 mRNA expression observed in the present study is
noteworthy since these cytokines are considered to act in
opposition (41). As of yet, there have been no studies on the
mutual association of these cytokines in asthma. It is known
that in celiac disease, IL-15 inhibits the SMAD3-dependent
TGF-p1 signalling pathway in T lymphocytes (42). The results
of the present study indicate that IL-15 mRNA expression is
elevated in asthma. TGF-f1 is not likely to directly regulate
IL-15 expression (13), but is one of the main factors in airway
remodelling, which is associated with an increased number of
fibroblasts and epithelial cells, a source of IL-15 (14), which
might explain the association identified between IL-15 mRNA
and TGF-p1 mRNA expression levels.

Infection exacerbations in asthma are an important
problem. It has been revealed that deficits of IL-15 in asthmatic
patients result from an impaired response to Rhinovirus infec-
tion in vitro, which possible indicates that the cytokine has a
protective effect against such infections (22). The respiratory
syncytial virus was found to contribute to the upregulation
of IL-15 in a study on bronchial and alveolar epithelial cell
lines (43). Moreover, there is evidence that IL-15 is a signifi-
cant factor responsible for the production of CD8* memory

ACqIL-15

-2
20 18 -16 14 12 10 -8 6 4 -2 O 2
ACqTGF-B1

Figure 3. Correlation of the mRNA expression of IL-15 and TGF-f1. Dotted
lines represent the 95% confidence interval. IL-15, interleukin 15; TGF-fI,
transforming growth factor-f3.

T cells in response to viral infection (44). However, the results
of the present study do not indicate any association between
IL-15 expression and the frequency of exacerbations. This
might result from the fact that this analysis did not take any
etiological factors into consideration, did not classify exacer-
bations into bacterial and viral, and did not analyze samples
from patients with active infection; this was due to a lack of
appropriate patients being available.

Experiments conducted on ovalbumin-immunized
transgenic mice revealed that IL-15 disrupts the Th2
lymphocyte-dependent response and the production of immu-
noglobulin E (IgE) antibodies, possibly by the production of
interferon (IFN)-y by cytotoxic CD8* lymphocytes (21), which
impairs the mechanisms responsible for the development of
allergic inflammation. This suggests that a high level of IL-15
expression may be a protective factor in patients with allergic
asthma. This hypothesis was confirmed in a study conducted
by Esen et al (45), who reported a reduction in the number of
IgE-producing cells and IgE itself under the influence of IL-15.
This information remains highly important when considering
the potential of IgE in airway remodelling, even in the absence
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Table IV. IL-15 mRNA (AC,) expression in groups taking and not taking various drugs.

Drugs Not treated (n) IL-15 mRNA expression Treated (n) IL-15 mRNA expression P-value
SABA 55 0.46+0.93 75 0.44+1.02 0.86
iGC 13 091+1.36 117 0.39+0.92 0.02
MXT 112 0.54+0.95 18 0.95+1.02 <0.001
LABA 27 0.64+1.00 103 1.00+0.51 0.10
Ipratriopium bromide 112 0.44+1.01 18 0.47+0.79 0.63
Tiotropium bromide 121 0.57+0.98 9 0.98+0.87 0.65
Anti-LT 83 0.59+0.97 47 0.97+0.52 0.78
Anti-H, 75 0.64+1.03 55 1.03+0.4 046
sGC 92 0.59+1.00 38 1.00+0.53 0.91

SABA, short acting -adrenoreceptor agonist; iGC, inhaled glucocorticosteroid; MXT, methyloxanthine; LABA, long acting (3-adrenoreceptor
agonist; anti-LT, antileukotriene; anti-H,, H,-receptor antagonist; sGC, systemic glucocorticosteroid.

Table V. IL-15 mRNA (AC,) expression in groups taking and
not taking MTXs with consideration of the dose of iGC as an
equivalent of budesonide.

MTX Without MTX
iGC dose (ug) Mean 95% CI Mean 95% CI
0 056 -009to1.22 204 -343t07.51
1-1,000 0.19 -001t00.38 137 -292t05.66
>1,000 059 024t0095 068 036t01.00

IL-15, interleukin-15; MTX, methyloxanthine; iGC, inhaled gluco-
corticosteroid; 95% CI, 95% confidence interval.

of exposure to an allergen. The remodelling process is inhib-
ited by omalizumab (46). Moreover, the local synthesis of IgE
has been suggested as a potential mechanism of inflammation
observed in non-allergic asthma (47).

It is possible that in asthmatic patients, an increase in
TGF-p1 expression may increase IL-15 expression, causing a
shift of the Th1/Th2 balance in favour of Thl. This assump-
tion is supported by the results of studies implying that the
progress of asthma is accompanied by a weaker response of
patients to antihistamines and antileukotrienes; reports on the
activity of omalizumab in IgE non-dependent asthma (48) and
its inhibitory effect on CD3*, CD4*, CD8" cells and B lympho-
cytes (49) confirm the weaker response.

A previous study revealed significantly higher levels of
IL-15 in the induced sputum of patients taking GCs compared
with patients who had not been administered any therapy
or normal controls (23). Also, the in vitro culture of sputum
white cells, isolated from asthmatic patients treated with
GCs, showed significantly higher levels of IL-15 synthesis in
comparison with the control group (23). These results highlight
the considerable immunomodulating role of IL-15 in asthma,
which involves the induction of changes in the inflammation
profile, from a profile connected with Th2 lymphocytes to one
connected with Thl lymphocytes. A consequence of such a

shift would be an increased level of IFN-y, which might delay
the remodelling of airways (50). Mechanisms responsible for
an increase in IL-15 mRNA expression following the admin-
istration of GCs have not yet been elucidated. However, the
in vitro inhibition of IL-15-induced NK cell apoptosis by GCs
has been reported (51). GCs inhibit IL-2 synthesis, at the levels
of transcription and translation (52). IL-2 is structurally similar
to IL-15, as their structures possess a common g chain (53).
In addition, GCs increase the expression of the IL-2 receptor
and receptors for other cytokines (52). In PBMCs, IL-2 and
IL-4 maintain an inhibited response to GCs associated with a
lowered affinity of GCs for the GC receptor (54). The results
of the present study indicate that IL-15 mRNA expression is
elevated in asthmatic patients taking iGCs. Considering the
key role of GCs in asthma therapy, it is advisable to performed
a more extensive analysis of the role of IL-15 in future studies.

MXTs are bronchial vasodilators that are character-
ized by anti-inflammatory properties. They act through the
non-selective blockage of phosphodiesterase (PDE), and
are antagonists for the adenosine receptor and activators
of histone deacetylase (HDAC) (1). Experiments on human
fetal lung fibroblasts (HFL-1 cell line) confirmed that MXTs
have an inhibitory effect on the release of TGF-f1 and the
metalloproteinases MMP-2 and MMP-9 from fibroblasts
induced by peroxynitrite (55). It has also been noted that the
PDE4 inhibitor rolipram inhibits the polarization, migra-
tion and activation of T lymphocytes induced by IL-15 (56).
Adenosine is known to inhibit the release of IL-15 by bone
marrow-derived cells. This process can be reversed by the
adenosine receptor inhibitor (57). Moreover, it has been
hypothesized that IL-15 acts synergistically with HDAC
inhibitors in hematological diseases (58).

Prior to the present study, the direct effect of MXTs on IL-15
expression was unclear. To the best of our knowledge, the present
study is the first to address this uncertainty. In our opinion, the
lower level of IL-15 mRNA expression observed in patients
treated with MXTs results from the fact that such patients suffer
from severe asthma with frequent exacerbations, and such
disease is impossible to control only with GCs. Another impor-
tant fact is that MXTs also act as adenosine receptor inhibitors,
which may contribute to a reduction in IL-15 expression.
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In conclusion, the results of the present study confirm
the presence of a significant correlation between TGF-f31
expression and IL-15 expression in asthmatic patients, and
show that IL-15 mRNA expression and TGF-f1 expression
are significantly higher in patients with asthma than in
participants from the control group. Greater IL-15 mRNA
expression was observed in the PBMCs of patients who were
treated with iGCs than those who were not, but IL-15 mRNA
expression was reduced in patients treated with MXTs. No
clinical implications were associated with higher IL-15
mRNA expression; the attempt to identify an association
between IL-15 and a degree of asthma severity, degree of
asthma control or number of exacerbation episodes was
unsuccessful. The level of IL-15 expression was not observed
to significantly affect the results of spirometry. In addition, a
higher degree of dyspnoea evaluated with the application of
the Borg Scale in asthmatic patients was not found to have
an association with IL-15 expression. However, there are
limitations to the study, as there is some evidence contra-
dicting our findings and the IL-15 mRNA level in PMBCs
might not directly translate into the IL-15 protein level in the
lungs. These limitations are acknowledged, and assessment
of the serum protein levels of studied genes is suggested as
the next step in the evaluation of the findings of the present
study. New patients will be recruited to achieve this goal. As
the nature of the correlation between IL-15 expression and
TGF-B1 expression remains unknown, further studies on the
role of IL-15 in asthma, its regulation and its connection with
the TGF-P1 signalling pathway are required for the purpose
of identifying their potential implications in the treatment of
asthma.
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