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INTRODUCTION

The asthma is the most prevalent chronic lung disease
characterized by bronchial hyper-responsiveness, airway

inflammation, and reversible airflow obstruction, and its

Background: The imbalance between Th2 and Treg cells plays fundamental role
in the pathogenesis of allergic asthma. The current study aimed at assessing the
expression of some Th2 and Treg cell-related parameters in patients with
allergic asthma.

Material and Methods: The serum and peripheral blood mononuclear
cell (PBMC) samples were collected from 30 patients with asthma and 36
healthy subjects. The serum levels of transforming growth factor (TGF)-p,
interleukin (IL)-4, as well as the expression levels of GATA3 and FOXP3 genes
in PBMCs were determined by the enzyme-linked immunosorbent assay
(ELISA) and real-time polymerase chain reaction (PCR), respectively. The
PBMCs were cultured for 48 hours with/without phytohemagglutinin (PHA)
stimulation. The TGF-P and IL-4 levels in supernatants were also determined.
Results: The serum levels of IL-4, the expression level of GATA3, and
GATA3/FOXP3 ratio in patients with asthma were significantly higher than
healthy subjects (P <0.002, P <0.001, and P <0.004, respectively). The FOXP3
expression did no differ between the two groups. The serum level of TGF-f as
well as its secretion profile in non-stimulated and stimulated PBMCs isolated
from patients with asthma were significantly higher than those of the controls
(P <0.03, P <0.001, and P <0.001, respectively). The serum TGF-p levels in severe
asthma were significantly higher than moderate asthma; whereas the TGF-p
secretion by PHA-stimulated PBMCs isolated from moderate asthma was
higher than that of severe pattern of the disease (P <0.001 and P <0.05,
respectively). The GTAT3/FOXP3 expression ratio in moderate asthma was
significantly higher than severe form (P <0.04).

Conclusion: The results confirmed a Th2 cell-biased pattern and possible
contribution of TGF-p in allergic asthma. TGF-3 may have different expression
patterns in moderate and severe asthma and the two forms of the disease may
have differences in some main immunological parameters.
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clinical symptoms vary from mild to severe (1, 2).
Approximately 300 million individuals have asthma
worldwide, and about 250,000 deaths are attributed to the

disease each year (1, 3). Different cellular elements from
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both innate/natural and adaptive immune systems
participate in the pathogenesis of allergic asthma,
particularly such as mast cells, eosinophils, lymphocytes
(T- and B-cells), macrophages, and neutrophils (4). The
allergic asthma can be classified into several subgroups,
including clinical, pathological, and molecular patterns.
The Th2 cell-dependent asthma is one of the considerable
molecular diagrams of allergic asthma (5). The Th2
lymphocytes play fundamental role in the pathogenesis of
the allergic asthma via the releasing of cytokines,
particularly interleukin (IL)-4, IL-5, and IL-13 (6, 7). IL-4
leads to the IgE formation by B-cells and IgE-mediated
mast cell activation plays a pivotal role in the pathogenies
of allergic asthma (8). IL-5 causes eosinophils aggregation
into the site of inflammation (9). IL-13 is a multifunctional
cytokine that raises airway hyper-responsiveness, airway
mucus hyper secretion, goblet cell hyperplasia, and fibrosis
(8).

The binding of IL-4 to its receptor results in the
phosphorylation of signal transducer and activator of
transcription 6 (STAT-6), and ultimately induces the
expression of Th2 related-master transcriptional factor
GATA3 (10). Human GATA3 gene, located on chromosome
10, is an important element in Th2 cell development and
acts as an inducer to synthesize Th2-related cytokines (11).
GATA3 was verified as a Th2 -related master
transcriptional factor that induces the production IL-4, IL-
5, and IL-13 in Th2 cells (12).

The Treg cells constitute 5% to 15% of the total
circulating CD4* T lymphocytes divided into two subsets.
The natural Tregs (nTreg) cells are generated in the
thymus, whereas the induced Treg (iTreg) cells are
differentiated from peripheral CD4*+ T lymphocytes after
antigenic recognition and the existence of IL-2 and TGF-$3
(13, 14). The immunosuppressive effects of Treg cells are
exerted by releasing TGF-p, IL-10, and IL-35 that are
necessary to establish tolerance to self-constituents or
foreign antigens (13, 15). The FOXP3 protein is considered
as a master transcriptional factor of Treg cells and its gene

is mapped to the X chromosome (15, 16). Genetic

abnormalities in FOXP3 gene result in the inflammatory

syndrome named immune dysregulation,

polyendocrinopathy, X-linked

(IPEX) (17).

enteropathy,  and

There is evidence indicating that Th2/Treg imbalance
plays an essential role in the development of allergic
sicknesses (18). The results of a number studies indicated
that the count of Th2 cells was enhanced, while the count
of Treg cells was diminished in the peripheral blood of
patients with asthma or in the models of experimentally-
induced allergic asthma, representing the contribution of
the Th2/Treg imbalance in the pathogenesis of allergic
asthma (7, 19).

It should be noted that the measurement of
transcription factors GATA3 and FOXP3 may more reliably
indicate the Th2/Treg cell development than the single
assessment of a Th2 or Treg cell-related element. Therefore,
it seems that the measurement of the transcriptional factor
level is more important to evaluate the balance in
Th2/Treg immune responses.

There are some controversies regarding the association
of Th2 and Treg cell-related parameters with asthma
severity. For example, the results of a number of studies
demonstrated decreased serum level of TGF-p in patients
with asthma (19, 20), while others reported elevated levels
of this cytokine in the patients (21-23). Moreover, the exact
association of Th2 and Treg cell-related parameters with
asthma severity is still unclear.

The current study aimed at determining the key
parameters of Th2 (IL-4 and GATA3) and Treg (TGF-p and
FOXP3) cells in the peripheral blood of patients with
asthma and evaluating the production of Th2- and Treg-
type cytokines (IL-4 and TGF-B) by unstimulated and
stimulated peripheral blood mononuclear cells (PBMCs)
isolated from patients after in vitro culturing. Moreover,
the association of the aforementioned parameters between
moderate and severe asthma was evaluated to clarify the
possible relationship and provide new insights into the

asthma immunopathogenesis.
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MATERIALS AND METHODS
Subjects

From September 2015 to September 2016, blood
specimens were collected from 30 patients with allergic
asthma referred to Allergy Unit of Afzalipour Hospital
affiliated to the Kerman University of Medical sciences,
Kerman, Iran. The patients were visited by expert
allergists, their asthma was verified by the specialist, and
the diagnosis was confirmed according to the standard
criteria. The severity of asthma was also determined based
on the global initiative for asthma (GINA) criteria as
moderate or severe patterns (24). None of the patients
received systemic glucocorticoids at least one month prior
to investigation and no subject treated with other
immunosuppressant agents. The subjects with asthma had
no history of smoking.

Totally, 36 healthy nonsmoker subjects were enrolled in
the study as the control group. The healthy individuals
were recruited among blood donators of the Blood
Transfusion Organization of Kerman and none of them
had an acute or chronic sickness. The control subjects were
in good general health status, without history of
respiratory disorders or other relevant diseases. Indeed,
each person with cigarette smoking, medication, and
disorders (such as the history of recurrent infections,
malignancy, and any suspicious immunological diseases)
was excluded from the study. Other exclusion criteria were
the history of surgery and major trauma within the six
months prior to blood collection. The Ethics Committee of
Kerman University of Medical Sciences confirmed the
study protocol, and the informed written consent was
obtained from the participants before enrollment.
Preparation and culturing of PBMCs

PBMCs were isolated from fresh heparinized venous
blood using density-gradient centrifugation technique
(Lymphosep, Biosera, UK). Then, the isolated PBMCs were
washed and re-suspended in RPMI (Roswell Park
Memorial Institute) 1640 medium (Biosera, UK). The
PBMCs obtained from each person were divided into two

parts as follows: one part was used to culture the cells, and
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measure the production of TGF-B and IL-4 by
unstimulated and stimulated PBMCs; the other part was
used to extract RNA and trace GATA3 and FOXP3
expression.

Culturing PBMCs

About 1x106 PBMCs from healthy volunteers and
patients with asthma were cultured in 24-well plates in
RPMI 1640 supplemented with 10% heat-inactivated fetal
bovine serum (Gibco Life Technologies, Paisley, UK), 100
U/mL penicillin, 100 pg/mL streptomycin, and 2 mM/L
L-glutamine. The PBMCs were cultured with/ without
phytohemagglutinin (PHA, 10 pg/mL; Gibco) stumulation
for 48 hours at 37°C in 5% CO; and then, the supernatants
of PBMCs were collected and stored at -40°C to measure
TGF-p and IL-4.

RNA extraction and real-time polymerase chain reaction
(PCR)

Total RNA was isolated from PBMCs using Trizol
reagent (Bionner, Korea) according to the manufacturer's
instructions. The extracted RNA quality was assessed by
running on the agarose gel, pre-treated with ethidium
bromide, using electrophoresis. The RNA purity was
assessed by measuring its absorption at 260 and 280 nm,
using a
Wilmington, USA).

The complementary DNA (cDNA) synthesis Kkits

spectrophotometer ~ system  (Nano-Drop,

(Bionner, Korea) were used to convert the target RNA into
the cDNA. The reverse transcription amplification protocol
was as follows: 70°C for 10 minutes (in the absence of
reverse transcriptase enzyme), 20°C for 1 minute (cooling
phase), addition of reverse transcriptase enzyme at 42°C
for 60 minutes, and eventually the protocol was finished by
a step at 95°C for 10 minutes to inactivate the reverse
transcriptase enzyme.

Real-time PCR protocol was conducted to estimate
GATA3 and FOXP3 genes expression by utilizing a
7300 Real-Time PCR System (Applied Biosystems, USA).
The real-time PCR reaction was prepared by adding SYBR
Green PCR Master Mix (Bionner, Korea), 200 ng of
template cDNA, and 2 pL of gene specific primers (Table 1)
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from working stocks (10 pmol/uL). The thermal cycling
program was entailed: an initial heating at 95°C for 15
minutes, 40 cycles at 95°C for 30 seconds, 72°C for 40

seconds, and eventually 72°C for 60 seconds.

Table 1. The used primers for the gene expression of T-bet, GATA3and FOXP3
by PBMCs from healthy subjects and asthmatic patients.

Gene Primer
GATA3 Forward: 5-AGCCAGGAGAGCAGGGACG-3
Reverse: 5-CTGTTAATATTGTGAAGCTTGTAGTAGAG-3
FOXP3 Forward: 5- GAACGCCATCCGCCACAACCTGA-3
Reverse: 5-CCCTGCCCCCACCACCTCTGC-3
B-Actn Forward: 5-GCCGGGACCTGACTGACTAC-3

Reverse: 5- TTCTCCTTAATGTCACGCACGAT-3

To normalize the amplified cytokine target genes, the -
actin gene was used as housekeeping gene. The amount of
GATA3 and FOXP3 expression in the isolated PBMCs was
assessed as units relative to the amount of [-actin
expression calculated by the 2-*°Ct formula. The PCR
products were electrophoresed on 1% agarose gel after
staining with 0.5 mg/mL ethidium bromide.

The serum and PBMC supernatant levels of TGF-p
and IL-4

The serum and PBMC supernatant levels of TGF-f3 and
IL-4 were quantified using commercial ELISA (the
enzyme-linked immunosorbent assay) kits for human TGF-
B and IL-4 (eBioscience, USA).

Serum IgE concentrations

Serum total IgE concentrations (IU/mL) were
measured by the commercial ELISA kit (Monobind Inc.,
Costa Mesa, CA, USA).

Statistical analysis

Data were expressed as mean * standard error of the
mean (SEM). Differences in variables were analyzed by
appropriate statistical tests including ANOVA, the Student
t, Kruskal-Wallis, and Mann-Whitney U tests; P values

<0.05 were regarded statistically significant.

RESULTS
The mean age of the patients with asthma and the

healthy subjects were 36.7 + 14.08 and 39.88 + 11.83 years,

respectively. There was no statistically significant
difference in terms of age between the patients with
asthma and healthy individuals (P=0.32). The gender
distribution of patients was 16 (53.3%) females and 14
(46.7%) males, and in the control group it was 20 (55.6%)
females and 16 (44.4%) males (P=0.52).

Serum IgE concentration in patients with asthma and
healthy individuals

The serum total IgE concentrations in patients with
asthma were significantly higher than those of the healthy
controls (289.77 £ 228.01 IU/mL vs. 54.01 £ 27.09 IU/mL, P
<0.001). The total IgE concentration in both groups of
patients with severe asthma (364.30 + 273.54 IU/mL) and
moderate asthma (246.63 + 19191 IU/mL) were
significantly higher than that of the healthy controls (P
<0.001). There was no significant difference in terms of
serum IgE level between patients with severe and
moderate asthma, although the immunoglobulin level was
higher in patients with severe asthma (P=0.17).

Serum levels of TGF-f and IL-4 in patients with asthma
and healthy controls

The serum levels of TGF-p and IL-4 were significantly
higher in patients with asthma than the healthy controls
(321.70 £ 35.12 vs. 226.69 + 17.81 pg/mL, P <0.03 and 1.66 *
0.05 vs 1.42 + 0.04 pg/mL, P <0.002; respectively) (Figures
1 and 2). The serum levels of TGF-3 were higher in patients
with severe asthma (484.25£120.73 pg/mL) than the ones
with moderate asthma (281.07+27.31 pg/mL, P <0.02) and
healthy controls (226.69+17.81 pg/mL, P <0.001). There
was no significant difference in terms of the serum level of
TGF-B between patients with moderate asthma and
healthy controls, although the parameter was higher in
patients with moderate asthma (P=0.10) (Figure 3).

The serum levels of IL-4 in patients with moderate
(1.66+0.06 pg/mL) and severe asthma (1.66 + 0.10 pg/mL)
were significantly higher than that of the healthy controls
(1.42 £ 0.04 pg/mL; P <0.004 and P <0.02, respectively). No
significant difference was observed in terms of the serum
level of IL-4 between patients with moderate and severe

asthma (P=0.95) (Figure 4).
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The serum TGF-B levels of asthmatic were significantly higher than in healthy subjects.
Figure 1. Comparison of the serum TGF-B levels between healthy group and

asthmatic patients.
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The serum IL-4 levels in patients with asthma were significantly higher than in healthy subjects.

Figure 2. Comparison of the serum IL-4 levels between healthy group and

asthmatic patients.
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The serum TGF-B levels in patients with severe asthma were significantly higher than in patients with
moderate asthma and healthy subjects.

Figure 3. Comparison of the serum TGF-B levels between healthy group and

asthmatic patients according to disease severity
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The serum IL-4 levels in both patient groups with moderate- and severe asthma were significantly higher

than healthy control group
Figure 4. Comparison of the serum IL-4 levels between healthy group and

asthmatic patients according to disease severity.

The FOXP3 and GATA3 expression and their ratio in
PBMCs isolated from patients with asthma and healthy
individuals

The GATA3 expression in PBMCs isolated from
patients with asthma was significantly higher than that of
the healthy subjects (3.30£0.51 vs. 1.15+0.10, P<0.001). The
FOXP3 expression in PBMCs isolated from patients with
asthma was also higher than that of the healthy subjects,
but the difference was not significant (2.15+0.76 vs.
1.01+0.11, P=0.10). GATA3/FOXP3 ratio in PBMCs isolated
from patients with asthma was significantly higher than
that of healthy subjects (9.49+2.02 vs. 3.48+0.78, P<0.004).

The expression of GTAT3 in PBMCs isolated from
patients with moderate (3.50£0.64) and severe asthma
(2.60+£0.51) were significantly higher than that of the
healthy controls (P<0.001 and P<0.02, respectively). There
was no significant difference in terms of GATA3 expression
between patients with moderate and severe asthma
(Figure 5).

The expression of FOXP3 in PBMCs isolated from
patients with moderate asthma (2.33+0.90) was higher than
that of the ones with severe asthma (1.12+0.33) as well as
the healthy subjects, but the differences were not

statistically significant (Figure 6).
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The GTAT3 expression in both patient groups with moderate- and severe asthma were significantly higher

than healthy control group.
Figure 5. Comparison of the expression of GATA3 by isolated PBMCs from

healthy group and asthmatic patients according to disease severity.
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The FOXP3 expression in patients with moderate asthma was higher than those with severe asthma and

also healthy subjects, but the differences were not significant.
Figure 6. Comparison of the expression of FOXP3 by isolated PBMCs from

healthy group and asthmatic patients according to disease severity.

The GTAT3/FOXP3 expression ratio in PBMCs isolated
from patients with moderate asthma (11.09 + 2.50) was
significantly higher than that of the patients with severe
asthma (3.90 £ 1.22) and the healthy controls (3.48 £ 0.78),
(P<0.04 and P <0.01, respectively). There was no significant
difference in terms of GTAT3/FOXP3 expression ratio
between patients with severe asthma and healthy subjects

(Figure 7).

P<0.01

Ppd P08 . Moderate asthma
" =9 Severe asthma
Healthy group

Expression of GATA3/FOXP3 mRNA ratio

Moderate Severe Health

Groups

The expression of GATA3/FOXP3 ratio in patients with moderate asthma was significantly higher than in
patients with severe asthma and healthy subjects.

Figure 7. Comparison of the expression of GATA3/FOXP3 ratio by isolated
PBMCs from healthy group and asthmatic patients according to disease severity.

TGF-p and IL-4 production by unstimulated and PHA-
stimulated PBMCs in patients with asthma and healthy
subjects

The amounts of TGF-p and IL-4 production by
unstimulated and PHA-stimulated PBMCs in patients with
asthma and healthy individuals are shown in figures 8 and
9 as well as Table 2.

Table 2. The secretion levels of TGF-B and IL-4 by non-stimulated and PHA-
stimulated PBMCs from asthmatic patients and healthy group according to
disease severity.

Stimulator TGF-B levels IL-4 levels
Groups Grade Number
of PBMC (Pg/ml) (Pg/ml
) Moderate 19 775.51 £ 68.45 2.16+0.33
Without
Severe " 718.27£110.57 1.94+£0.37
stimulation
Asthmatic Total 30 752.61 + 57.26 2.07+0.23
patients Moderate 19 858.42 + 42.66 19.66 + 4.51
PHA Severe 11 660.47+102.53 16.33 £ 7.62
Total 30 805.63 + 45.84 19.05 + 3.81
Without
Healthy ) e 36 283.75 + 51.42 1.48+0.15
stimulation
group
PHA 36 418.56 + 77.72 1468 £ 2.7

In both groups of healthy subjects and patients with
asthma, TGF- and IL-4 production by PHA-stimulated
PBMCs were significantly higher than those of the
unstimulated cells (P <0.05 and P <0.001, respectively)
(Figures 8 and 9).
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In both healthy- and asthmatic groups, the PHA-induced TGF- secretion were significantly higher than non-
stimulated culture. The levels of TGF-B production by non-stimulated and PHA-stimulated PBMCs from

patients with asthma were significantly higher than in the same cultures from healthy subjects.
Figure 8. TGF- production by non-stimulated and PHA-stimulated PBMCs from

the healthy group and asthmatic patients.
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In both healthy- and asthmatic groups, the PHA-induced IL-4 secretion were significantly higher than non-
stimulated culture. The levels of IL-4 production by non-stimulated PBMCs from patients with asthma were

significantly higher than in the same cultures fromhealthy subjects.
Figure 9. IL-4 production by non-stimulated and PHA-stimulated PBMCs from

the healthy group and asthmatic patients.

The levels of TGF-p and IL-4 production by non-
stimulated PBMCs in patients with asthma were
significantly higher than those of healthy controls (P <0.001
and P <0.03, respectively) (figures 8 and 9). Moreover, the
production of PHA-stimulated TGF-3 by PBMCs isolated
from patients with asthma was significantly higher than
that of healthy controls (P <0.001) (Figure 8). There was no
significant difference in terms of the production of PHA-
stimulated IL-4 between patients and healthy individuals,
although the parameter was higher in patients groups
(P=0.34) (Figure 9).
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The production of TGF-f by unstimulated and PHA-
stimulated PBMCs isolated from patients with moderate
asthma were higher than those of the ones with severe
asthma, although the difference was significantly higher in
PHA-stimulated cells (P <0.05) (Table 2). No significant
difference was observed between patients with moderate
and severe asthma regarding the production of IL-4 by
non-stimulated and PHA-stimulated PBMCs (Table 2).
There was no significant difference between males and
females in patients or in the control groups regarding the
production of TGF-p and IL-4 by unstimulated and PHA-
stimulated PBMCs (Table 3).

Table 3. The secretion levels of TGF-§ and IL-4 by non-stimulated and PHA-
stimulated PBMCs from asthmatic patients and healthy group according to their
gender.

Stimulator TGF-B levels IL-4 levels
Groups Gender  Number
of PBMC (Pgiml) (Pgiml)
Men 14 77829£11025 225+ 046
Without
Women 16 73549 6950  195+028
stimulation
Asthmatic Total 30 752.61£5726 2074023
patients Men 14 82156 £7124 2046 £ 557
PHA Wormen 16 7916946336  17.88+ 5.64
Total 30 805.63+4584  19.05%3.81
Without Men 16 208.11£5259  143%0.16
stimulation  Women 20 274478235  151£022
Healthy Total 36 28375£5142  148%0.15
group
Men 16 44351£ 13728 13.99+3.33
PHA Women 20 396.73£91.51 1537 +4.51
Total 36 41856 £7772 146827
DISCUSSION

The results of the current study indicated that the
serum level of IL-4 and GATA3 expression were
significantly higher in patients with asthma compared with
the healthy individuals. The current study results
confirmed a Th2 cell-biased pattern in patients with
asthma that was consistent with the data obtained from
other studies showing an excessive Th2 immune response
in allergic asthma (25). The increased serum IL-4 levels and
elevated expression of GATA3 in patients with asthma

confirmed a deviation toward Th2 cells in patients with
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asthma that play a prominent role in pathogenesis of
allergic asthma.

The results of the current study also showed that the
serum levels of TGF-B in patients with asthma were
significantly higher than those of the healthy individuals.
There were some controversies regarding the TGF-{ levels
in patients with asthma. The results of some studies
demonstrated reduced serum levels of TGF-p in patients
with asthma (19, 20), while others reported elevated levels
of this cytokine in such patients (21-23). The reasons for
these disagreements remain to be explained in further
studies. These discrepancies may be due to the variations
in some inclusion criteria such as asthma severity, age,
gender, treatment program, race and ethnicity, or even
geographical parameters. Interestingly, in a
complementary set in the current study protocol, it was
observed that in parallel to elevated serum levels of TGF-f3
in patients with asthma, the amounts of TGF-3 production
by unstimulated and PHA-stimulated PBMCs isolated
from patients with asthma were significantly higher than
those of the healthy controls. The current study results
reciprocally confirmed each other.

A number of pro-inflammatory and anti-inflammatory
properties were attributed to TGF-p (26). In the bronchial
airways, TGF-B was produced by a number of residential
and infiltrated cells such as epithelial, fibroblasts,
endothelial cells, smooth muscle cells, eosinophils,
macrophages, and lymphocytes (26). The aforementioned
cells secrete TGF-f; it may be considered as a reason for the
elevated serum levels of TGF-p in patients with asthma.
The TGF-p may contribute to immunopathogenesis of
allergic asthma through recruitment of leukocytes such
as macrophages and granulocytes into bronchial airways
(27, 28), induction of the polarization of naive CD4* T-cells
into effector inflammatory Th17- and Th9-cells (28),
triggering of remodeling processes, and induction of the
expression of some matrix metalloproteinases (29). The
beneficial effect of anti-TGF-§ antibody is demonstrated in

some murine models of asthma (30).

In the current study, FOXP3 expression did not
significantly differ between patients with asthma and
healthy subjects. The FOXP3 is expressed in Treg cells
needed for the exertion of their immunosuppressive effects
(31). The current study data regarding FOXP3 expression
by PBMCs indicated that there may be no functional
impairment in Treg cells of patients with asthma. Treg cells
may have normal activity in patients with asthma, but the
effector T cells involving in the asthma pathogenesis (such
as Th2 cells) may be non-responder to the suppressive
effects of Treg cells. The normal or even elevated number
of Treg cells with acceptable suppressive activity was
reported in patients with atopic dermatitis or allergic
rhinitis; diseases with similar immunopathogenesis to
allergic asthma (32).

The results of the current study also indicated that
GATA3/FOXP3 expression ratio in patients with asthma
was significantly higher than those of healthy individuals.
Since GATA3 and FOXP3 are the principal transcription
factors of Th2 and Treg cells, respectively, GATA3/FOXP3
mRNA expression ratio may be considered as a useful
substitute_parameter to determine Th2/Treg cells status in
patients with asthma. Therefore, the occurrence of an
imbalance in the levels of Th2/Treg cell-related
transcription factor with a deviation in the direction of Th2
cell may contribute to the development of the allergic
asthma. It is necessary to maintain the balance between
Th2 and Treg cell to prevent allergic disorders. It is
indicated that occurrence of an imbalance between
Th2/Treg cells results in the development of a number of
disorders such as atopic and allergic diseases (19).
Therefore, the correction of Th2/Treg imbalance using
effective immunotherapeutic agents (probably at levels of
cytokines, receptors, or signaling pathways) may be an
interesting investigation field in future studies. It is
indicated that the suppression of STAT6 using small
interfering RNA (siRNA) improves the Th2/Treg ratio in
patients with allergic rhinitis (33, 34). Similar

immunotherapeutic programs such as GATA3 can
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introduce novel therapeutic agents to modulate
inflammation in patients with asthma.

The current study results also demonstrated that in
both patients with moderate and severe asthma, serum
levels of IL-4 and GTAT3 expression were higher than
those of the healthy individuals. There were no significant
differences in serum levels of IL-4 and GATA3 expression
between patients with moderate and severe asthma. These
results indicated that the Th2 immune responses contribute
to the pathogenesis of both moderate and severe patterns
of allergic asthma.

The results of the current study also indicated that the
serum levels of TGF- in patients with severe asthma were
higher than those of the ones with moderate asthma.
However, in controversy to serum levels of TGF-B, the
production of this cytokine by PHA-stimulated PBMCs
isolated from patients with moderate asthma was higher
than that of the ones with severe asthma. These differences
may be attributed to different in vivo cell producers of
TGEF-p. As mentioned above, TGF-p is produced by some
non-lymphoid cells (such as epithelial, fibroblasts,
endothelial, and smooth muscle cells) and a number of
leukocytes such as eosinophils, macrophages, and
lymphocytes in vivo. The aforementioned cells may be
responsible for increased serum levels of TGF-f3 in patients
with severe asthma. TGF-p is mainly produced by Treg
cells within the PBMC population in vitro. Increased
production of TGF-p by PHA-stimulated PBMCs isolated
from patients with moderate asthma may be attributed to
higher frequency of Treg cells in subjects with moderate
asthma in comparison with those with severe asthma. It
should be also noted that TGF-p may perform different
roles in moderate and severe forms of asthma, on the basis
of its concentration. As mentioned above, some pro-
inflammatory and anti-inflammatory effects are attributed
to TGF-B production (26). In patients with moderate
asthma, TGF-B may act as a modulator of inflammatory
responses and prevent severe immunopathologic
responses, due to overcoming its anti-inflammatory

properties. In higher levels as observed in patients with
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severe asthma, TGF-p may accelerate immunopathologic
responses, due to overcoming its pro-inflammatory
properties. In the presence of IL-6, TGF-p, which induces
the expression of FOXP3, is downregulated and RORyt (a
principle transcription factor of Thl7) expression is
upregulated, which result in the differentiation of Th17
cells (35, 36). Th17 cells produce some pro-inflammatory
cytokines, particularly IL-17A, IL-17F, IL-21, IL-22, TNF-q,
and GM-CSF, which may have important roles in the
reinforcement of severe form of asthma. Thl17 cells may
promote the development of severe allergic asthma due to
their link to airway neutrophilia (37). Therefore, TGF-f3
may also influence the severity of allergic asthma.
Accordingly, targeting TGF-B or its related signaling
pathways may lessen asthma severity.

However, the current study results demonstrated that
GTAT3/FOXP3 expression ratio in patients with moderate
asthma was significantly higher than that of the subjects
with severe asthma. Therefore, it seems that moderate and
severe asthma may have differences in some important
immunological aspects. Other pathological mechanisms of
Th2-dependent inflammation (such as Thl7, Th9, and
Th22, or even Th1l immune responses) may also contribute
to the pathogenesis of severe asthma. Indeed, high levels of
Th1 cytokines are found in humans and mice with severe
asthma (38). Therefore, a wide range of
immunopathological responses may involve in the
development of severe asthma. Accordingly, a
combination of therapies is needed to control asthma
severity and prevent its exacerbations.

In the current study, one Th2 cell-associated cytokine
(IL-4) was measured. Since IL-4 secretion is an indicator for
Th2 immune responses, other Th2 cells-associated
cytokines (including IL-5 and IL-13) may express same
pattern as observed for IL-4. Moreover, the flow of
cytometric analysis of T-cell subsets and evaluation of the
other immunological parameters such as chemokines and

toll-like receptors were not a part of the current study

protocol, which should be investigated in future studies.

Tanaffos 2018; 17(1): 1-12
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In conclusion, elevated serum levels of IL-4 and
increased expression of GATA3 and GATA3/FOXP3 ratio in
PBMCs isolated from patients with asthma indicate an
imbalance in the levels of Th2/Treg-related transcription
factors and a Th2-deviated pattern in patients with asthma.
The improvement of Th2/Treg immune responses should
be considered more to design effective therapeutic
strategies to treat allergic asthma.
of TGF-p and
production of TGF-P by unstimulated and PHA-stimulated

Elevated serum levels increased
PBMCs isolated from patients with asthma indicate that
TGEF-p may contribute to immunopathogenesis of allergic
asthma. Therefore, targeting TGF-P or its related signaling
pathways may have therapeutic benefits for allergic
asthma.

The serum level of TGF-B in patients with severe
asthma was higher than that of the ones with moderate
asthma, whereas the TGF-f3 production by PHA-stimulated
PBMC:s isolated from patients with moderate asthma was
also higher than that of the patients with severe asthma.
The current study results showed that TGF-f may have
different effects on moderate and severe asthma.

GTAT3/FOXP3 expression ratio in patients with
moderate asthma was significantly higher than that of the
ones with severe asthma. Therefore, moderate and severe
asthma may have significant differences in some main

immunological parameters.

Acknowledgment
This work was supported by Kerman University of

Medical Sciences, Kerman, Iran.

Conflict of interest

The authors have no any conflict of interest.

REFERENCES

1. Fahy JV. Type 2 inflammation in asthma--present in most,
absent in many. Nat Rev Iinmunol 2015;15(1):57-65.

2. WeiY, Liu B, Sun ], Lv Y, Luo Q, Liu F, Dong J. Regulation of

Th17/Treg function contributes to the attenuation of chronic

10.

11.

12.

airway inflammation by icariin in ovalbumin-induced murine
asthma model. Iimmmunobiology 2015;220(6):789-97.

Kai W, Qian XU, Qun WU. MicroRNAs and Asthma
Regulation. Iran | Allergy Asthma Immunol 2015;14(2):120-5.
Fatemi F, Sadroddiny E, Gheibi A, Mohammadi Farsani T,
Kardar GA. Biomolecular markers in assessment and
treatment of asthma. Respirology 2014;19(4):514-23.

Cheng D, Xue Z, Yi L, Shi H, Zhang K, Huo X, et al. Epithelial
interleukin-25 is a key mediator in Th2-high, corticosteroid-
responsive asthma. Am | Respir Crit Care Med
2014;190(6):639-48.

Mohammadi-Shahrokhi V, Rezaei A, Andalib A, Rahnama A,
Jafarzadeh A, Eskandari N. Immunomodulatory Effects of
Adjuvants CPG, MPLA, and BCG on the Derp2-Induced
Acute Asthma at Early Life in an Animal Model of BALB/c
Mice. Inflammation 2017;40(1):259-274.
Mohammadi-Shahrokhi V, Rezaei A, Andalib A, Rahnama A,
Jafarzadeh A, Eskandari N. Improvement of Th1l/Th2 and
Th1/Treg Imbalances by Adjutants CPG, MPLA and BCG in a
Model of Acute Asthma Induced By Allergen Derp2 in
BALB/c Mice. Iranian Red Crescent Medical Journal
2017;19(3).

Huber M, Lohoff M. Change of paradigm: CD8+ T cells as
important helper for CD4+ T cells during asthma and
autoimmune encephalomyelitis. Allergo J Int 2015;24(1):8-15.
Tang F, Wang F, An L, Wang X. Upregulation of Tim-3 on
CD4(+) T cells is associated with Thl/Th2 imbalance in
asthma.

patients with

2015;8(3):3809-16.

allergic Int ] Clin Exp Med
Zhang H, Tong X, Holloway JW, Rezwan FI, Lockett GA, Patil
V, et al. The interplay of DNA methylation over time with Th2
pathway genetic variants on asthma risk and temporal asthma
transition. Clin Epigenetics 2014;6(1):8.

Guthikonda K, Zhang H, Nolan VG, Soto-Ramirez N, Ziyab
AH, Ewart S, et al. Oral contraceptives modify the effect of
GATAS3 polymorphisms on the risk of asthma at the age of
18 years via DNA methylation. Clin Epigenetics 2014;6(1):17.
Yagi R, Zhu ], Paul WE. An updated view on transcription
factor GATA3-mediated regulation of Thl and Th2 cell
differentiation. Int Immunol 2011;23(7):415-20.

Tanaffos 2018; 17(1): 1-12



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Nie ], Li YY, Zheng SG, Tsun A, Li B. FOXP3(+) Treg Cells and

Gender Bias in Autoimmune Diseases. Front Immunol
2015;6:493.

Etesam Z, Nemati M, Ebrahimizadeh MA, Ebrahimi HA,
Hajghani H, Khalili T, et al. Altered Expression of Specific
Transcription Factors of Th17 (RORyt, RORa) and Treg
Lymphocytes (FOXP3) by Peripheral Blood Mononuclear Cells
from Patients with Multiple Sclerosis. ] Mol Neurosci
2016;60(1):94-101.

Jafarzadeh A, Jamali M, Mahdavi R, Ebrahimi HA, Hajghani
H, Khosravimashizi A, et al. Circulating levels of interleukin-
35 in patients with multiple sclerosis: evaluation of the
influences of FOXP3 gene polymorphism and treatment
program. ] Mol Neurosci 2015;55(4):891-7.

Wan G, Wei B. Erythropoietin regulates Treg cells in asthma
through TGFPB receptor signaling. Am ] Transl Res
2015;7(11):2305-15.

Singh AM, Dahlberg P, Burmeister K, Evans MD, Gangnon R,
Roberg KA, et al. Inhaled corticosteroid use is associated with
increased circulating T regulatory cells in children with
asthma. Clin Mol Allergy 2013;11(1):1.

Palomares O, Yaman G, Azkur AK, Akkoc T, Akdis M, Akdis
CA. Role of Treg in immune regulation of allergic diseases.
Eur ] Immunol 2010;40(5):1232-40.

Shi YH, Shi GC, Wan HY, Ai XY, Zhu HX, Tang W, et al. An
increased ratio of Th2/Treg cells in patients with moderate to
severe asthma. Chin Med ] (Engl) 2013;126(12):2248-53.

Liu WD, Lu JR. Serum levels of IL-12, TGFbetal and IgE in
children with asthma. Zhongguo Dang Dai Er Ke Za Zhi
2008;10(2):146-8.

Jiang K, Chen HB, Wang Y, Lin JH, Hu Y, Fang YR. Changes
in interleukin-17 and transforming growth factor beta 1 levels
in serum and bronchoalveolar lavage fluid and their clinical
significance among children with asthma. Transl Pediatr
2013;2(4):154-9.

Manuyakorn W, Kamchaisatian W, Atamasirikul K,
Sasisakulporn C, Direkwattanachai C, Benjaponpitak S. Serum

TGF-betal in atopic asthma. Asian Pac | Allergy Immunol
2008;26(4):185-9.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hoseini-Shahrestanak S, etal. 11

Akelma AZ, Kanburoglu MK, Cizmeci MN, Mete E, Catal F,
Tufan N. Level of serum neutrophil gelatinase-associated
lipocalin in childhood asthma. Allergol Immunopathol (Madr)
2015;43(2):142-6.

Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM,
FitzGerald JM, et al. Global strategy for asthma management
and prevention: GINA executive summary. Eur Respir |
2008;31(1):143-78.

Agrawal R, Heymann PW, Platts-Mills TA, Woodfolk JA.
Interrogation of the Effects of Rhinovirus on Th2 Promoting
Pathways in Allergic Asthma. Journal of Allergy and Clinical
Immunology 2016;137(2):AB90.

Al-Alawi M, Hassan T, Chotirmall SH. Transforming growth
factor B and severe asthma: a perfect storm. Respir Med
2014;108(10):1409-23.

Van Hove CL, Maes T, Joos GF, Tournoy KG. Chronic
inflammation in asthma: a contest of persistence vs resolution.
Allergy 2008;63(9):1095-109.

Yang YC, Zhang N, Van Crombruggen K, Hu GH, Hong SL,
Bachert C. Transforming growth factor-betal in inflammatory
airway disease: a key for understanding inflammation and
remodeling. Allergy 2012;67(10):1193-202.

Firszt R, Francisco D, Church TD, Thomas JM, Ingram ]JL,
Kraft M. Interleukin-13 induces collagen type-1 expression
through matrix metalloproteinase-2 and transforming growth
factor-B1 in airway fibroblasts in asthma. Eur Respir |
2014;43(2):464-73.

Bottoms SE, Howell JE, Reinhardt AK, Evans IC, McAnulty R].
Tgf-Beta isoform specific regulation of airway inflammation
and remodelling in a murine model of asthma. PLoS One
2010;5(3):e9674.

Wei Y, Dong M, Zhang H, Lv Y, Liu J, Wei K, et al.
Acupuncture Attenuated Inflammation and Inhibited Th17
and Treg Activity in Experimental Asthma. Evid Based
Complement Alternat Med 2015;2015:340126.

Bacchetta R, Gambineri E, Roncarolo MG. Role of regulatory T
cells and FOXP3 in human diseases. J Allergy Clin Immunol
2007;120(2):227-35; quiz 236-7.

Tanaffos 2018; 17(1): 1-12



12

33.

34.

35.

Imbalances in T Cell-related Parameters in Allergic Asthma

Khan MM. Allergic Disease. InImmunopharmacology 2016
(pp. 197-225). Springer, Cham.

Hosoya K, Satoh T, Yamamoto Y, Saeki K, Igawa K, Okano M,
et al. Gene silencing of STAT6 with siRNA ameliorates contact
hypersensitivity and allergic rhinitis. Allergy 2011;66(1):124-
31

Noack M, Miossec P. Th17 and regulatory T cell balance in
autoimmune and inflammatory diseases. Autoimmun Rev

2014;13(6):668-77.

36.

37.

38.

Ivanova EA, Orekhov AN. T Helper Lymphocyte Subsets and
Plasticity in Autoimmunity and Cancer: An Overview. Biomed
Res Int 2015;2015:327470.

Chesné ], Braza F, Mahay G, Brouard S, Aronica M, Magnan
A. IL-17 in severe asthma. Where do we stand? Am J Respir
Crit Care Med 2014;190(10):1094-101.

Berker M, Frank LJ, Gefiner AL, Grassl N, Holtermann AV,
Hoppner S, et al. Allergies - A T cells perspective in the era
beyond the TH1/TH2 paradigm. Clin Immunol 2017;174:73-
83.

Tanaffos 2018; 17(1): 1-12



