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Abstract. Asthma is a chronic bronchial inflammation that 
results to reversible incidence of airway obstruction and 
shortness of breath. Under normal circumstances, the lung 
immune system is maintained in a state of controlled inflam-
mation, where balance exists between protective immunity 
mediated by effector cells and tolerance mediated by cells 
with regulatory function. Therefore, the inflammation 
observed in asthma patients may be caused by an imbalance 
between regulatory T (Treg) cells (CD4-positive with high 
expression of CD25 surface markers) and forkhead box P3 
(FOXP3)-positive pro‑inflammatory T helper 17 (Th17) cells. 
The aim of the present study was to evaluate whether reduced 
Treg cells and increased Th17 cells could be observed in the 
peripheral blood samples of asthma patients. As important 
markers of Treg cells, the expression levels of FOXP3 and 
interleukin (IL)-17a were analyzed via reverse trancrip-
tion-quantitative polymerase chain reaction. The results 
indicated that the levels of cytokines that promote Th17 cells, 
including IL-6, IL-23 and TGF-β, were found to increase in 
the bronchoalveolar lavage fluid sample of asthma patients. 
However, the IL-10 level in the corresponding sample was 
much lower compared with that in control individuals. In 
conclusion, these results suggest that asthma associated with 
a reduced proportion of Treg and Th17 cells in the blood is 
characterized by the expression of pro‑inflammatory cyto-
kines that may be beneficial for the continuous generation of 
Th17 cells.

Introduction

Asthma is a disease that features chronic bronchial 
inflammation, exaggerated bronchial response and airway 
obstruction (1). Immune tolerance has been demonstrated 
to be mediated by regulatory T (Treg) cells, defined as 
a sub-population of CD4+ T cells that mediates the immune 
reaction in the lungs through the prohibition of the prolif-
eration and activities of effecting factors secreted by other 
T cells (2). T helper 17 (Th17) cells consist of a definitive 
lineage of pro‑inflammatory Th cells, which serve a major role 
in autoallergic diseases (3). Experimental data have suggested 
an association between the pathology induced by Th17 cells 
and the regulatory role of Treg cells (4). Murine models have 
demonstrated that Th17 cells induce autoimmune response 
by promoting tissue inflammation and activating the innate 
immune system (5). Treg cells, a subgroup of T lymphocytes 
with features of immune repression on effector T cells, can 
be recognized by the expression of the high affinity α-chain 
receptor of interleukin (IL)-2, namely CD25. However, CD25 
is also an upregulated marker of the activated CD4+ T cells, 
and is thus considered as a non-exclusive marker. In addition, 
further distinction of CD4+ CD25high Treg cells from other 
T cells can be achieved based on the selective expression of 
the forkhead box P3 (FOXP3) transcription factor, since this 
expression has a central role in the growth and function of 
Treg cells (6). Although the underlying mechanism through 
which the proliferation of other T cells is suppressed by 
Treg cells has not been elucidated, previous evidence has 
revealed that Treg cells are involved in the prevention of auto-
immune response and the control of pulmonary and gastric 
inflammation in vivo (7,8).

Increasing evidence has demonstrated that Th17 and Treg 
cells are essential T cell subsets and are critical in maintaining 
the homeostasis of the immune system. The native T cell 
precursor pool responsible for the generation of Treg cells can 
also generate CD4+ Th17 cells that may secrete IL-17 cyto-
kines (9). In previous animal models, numerous inflammation 
cytokines were found to be involved in the differentiation of 
T cells, which are responsible for the activation of adaptive 
immune response. The potential role of IL-6, transforming 
growth factor (TGF)-β, IL-10 and IL-23 in the promotion of 
human Th17 cell differentiation has been revealed in a previous 
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study (10), although the exact cytokine combination requires 
further verification. It has been suggested that IL‑6 or IL‑23 
are indispensable for the ability of activated T cells to secrete 
IL-17, while IL-23 along with TGF-β are essential for Th17 
cell differentiation from primitive T cells (11,12). Cytokine 
levels in have been shown to orchestrate the development of 
these cells in a temporal and spatial manner (13-15). Th17 cells 
are potent activators of neutrophils to enable the eradication 
of pathogens (16,17). Although Th17 cells are considered to 
be biologically crucial in eradicating extracellular pathogens, 
the abnormal expression of IL-17a by these cells is considered 
as a factor participating in the pathogenesis of various airway 
inflammatory disorders. For instance, elevated levels of IL-17a 
have been identified in rheumatoid arthritis, multiple sclerosis 
and systemic lupus erythematosus (18). IL-10 is upregulated 
in the lungs of asthma patients, indicating that an immune 
response driven by Th17 cells contributes to the pathogenesis 
of asthma (19). The balance between Th17 and Treg cells 
may be necessary to maintain the immune homeostasis (20); 
however, no previous studies have analyzed this balance in 
individual asthma patients to date.

The aim of the present study was to examine whether 
the imbalance of Th17 and Treg cells had an important 
role in asthma patients. A stringent flow cytometry‑based 
staining and gating strategy was developed to accurately 
enumerate the Treg and Th17 cells using FOXP3 and IL-17a, 
respectively, as the defining markers. Each cell type was 
investigated individually, and was compared in the same 
subgroup of patients simultaneously. It was hypothesized 
that the imbalance observed in cell types may be caused by 
the expression of FOXP3+ and pro‑inflammatory cytokines. 
Therefore, the expression levels of IL-6, IL-10, IL-23 and 
TGF-β were detected in the bronchoalveolar lavage fluid 
(BALF) specimens of asthma patients and controls. The 
present study focused on the regulation of the Treg cells ratio 
on the cytokine environment in an inflammatory condition.

Patients and methods

Patients. Asthma patients treated at the Department of 
Respiratory Medicine of the Shandong Provincial Hospital 
(Jinan, China) between March 2014 and September 2014 
were retrospectively analyzed in the present study. Informed 
consent was acquired from all patients prior to sample 
collection. Ethical approval for the present study was granted 
by the Ethical Committee of Wuxi People's Hospital of 
Nanjing Medical University, and was performed according 
to the National Statement on Ethical Conduct in Research 
Involving Humans (1999) issued by the National Health and 
Medical Research Council of China. In total, 25 allergy 
asthma patients (female, 11; male, 14) and 18 control indi-
viduals (female, 7; male, 11) were enrolled into the study, 
and blood samples were collected. All asthma patients did 
not present clinical exacerbation at the time of blood sample 
collection, based on the evaluation of clinical symptoms, 
signs and serum C-reactive protein levels (<10 mg/l). 
Subjects in the control group were all non-allergic healthy 
volunteers. The blood sample was collected and stored in 
the EDTA tubes. Patients were included if they fulfilled the 
following criteria: i) Positive diagnosis (ii) no traumatic and 

inflammatory treatment; and iii) no surgical intervention. 
Patients exhibited mild (n=11), moderate (n=10) and severe 
(n=4) severe asthma. 

Flow cytometry analysis. Peripheral blood mononuclear cells 
(PBMCs) were separated via density gradient centrifugation 
in lymphocyte separation medium (Ficoll-Paque Plus; GE 
Healthcare, Chalfont, UK) at 600 x g for 20 min at 4˚C. In 
order to recognize the Treg cells, 1x106 PBMCs were surface 
stained with anti-CD4 monoclonal antibodies (1:50; 564419) 
labeled with fluorescein isothiocynate, anti-CD8 (1:50; 
RPA-T8) and anti-CD25 antibodies (1:50; 561399) labeled 
with phycoerythrin (PE)-Cyanine 5 (Cy5; all from BD 
Biosciences, Sydney, Australia). Next, permeabilization in 
the FOXP3 fix/perm solution (eBioscience, Inc., San Diego, 
CA, USA) was performed, and then intracellular labeling 
was conducted with an anti-FOXP3 antibody conjugated 
with PE (1:50; PCH101; eBioscience, Inc.), according to the 
manufacturer's protocol. For IL-17a assays, PBMCs (2x106) 
were stimulated for 5 h using 50 ng/ml phorbol 12-myristate 
13-acetate (PMA) and 1 g/ml ionomycin in the presence of 
5 g/ml brefeldin A solution (all from Sigma-Aldrich; Merck 
Millipore, Darmstadt, Germany), incubated with 5% CO2 

at 37˚C. Cells were washed twice in phosphate-buffered 
saline (PBS) and surface labeled with CD3-PE-Cy5, prior 
to fixing with 4% w/v paraformaldehyde and permea-
bilizing with 0.1% w/v saponin (Sigma-Aldrich; Merck 
Millipore). Subsequent to permeabilization, all samples 
were washed with PBS. Cells were blocked with 5% w/v 
separated milk powder in PBS/0.1% w/v saponin for 30 min, 
followed by intracellular labeling with anti-IL17a-PE (clone 
ebio64DEC17; eBioscience, Inc.). Flow cytometry was 
conducted with the BD FACScan system (BD Biosciences), 
with 300,000-500,000 events gathered in each experiment 
and lymphocytes gated based on the properties of their 
forward and side light scatter. Stained cells were all analyzed 
by a BD LSR II flow cytometer (BD Biosciences), and the 
flow cytometry data were analyzed by FlowJo 7.6 software 
(FlowJo, LLC, Ashland, OR, USA).

RNA isolation and analysis. RNA from whole blood 
collected in EDTA tubes was isolated via an organic extrac-
tion technique, using TRIzol LS (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
protocols. Further purification of DNA was performed on 
a QIAamp spin column (Qiagen, Hilden, Germany) and 
on-column DNase digestion. mRNA expression levels 
of FOXP3 and IL-17a in the blood were determined by 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR) with the use of a QuantiTect RT kit (Qiangen) and 
a StepOnePlus Real-Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). qPCR was performed with the 
following thermal cycles: 95˚C for 10 min, followed by 95˚C 
for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec for 40 cycles 
using cDNA (2 µl), forward primer (0.4 µl), reverse primer 
(0.4 µl), SYBR Green solution (10 µl), and ddH2O (7.2 µl). 
Specific primers for FOXP3, IL‑17a and β-actin used were as 
previously reported (21). To quantify the results, 2-ΔΔCq was 
calculated for every sample (22), and the mRNA expression 
levels were normalized to β-actin.
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IL‑6, IL‑23, IL‑10 and TGF‑β expression levels determined 
by ELISA. Expression levels of IL-6 (EH2IL62), IL-23 
(KHC0231; both Thermo Fisher Scientific, Inc.), IL-10 
(RAB1060; Sigma-Aldrich; Merck Millipore)and TGF-β 
(E-EL-H0110c; Elabscience Bioengineering Co., Ltd., Wuhan, 
China) were detected in BALF samples obtained from the 
patients and control subjects using respective ELISA kits 
according to the manufacturer's protocols. All samples were 
measured in duplication. Optical densities were determined at 
450 nm using a microplate reader.

Statistical analysis. All analyses were performed with 
the SPSS statistical software for Windows (version 10.1.4; 
SPSS, Inc., Chicago, IL, USA). Data are expressed as the 
mean ± standard error. In paired comparison, Student t test 
and Wilcoxon rank-sum (Mann-Whitney U) test were used 
for normally or non-normally distributed data, respectively. 
One-way analysis of variance and Kruskal-Wallis tests were 
used in the comparison of multiple groups. For all the anal-
yses, two-sided P-values of <0.05 were considered to indicate 
statistically significant differences.

Results

Patients and sampling. Blood samples were collected from 
25 asthma patients (female, 11; male, 14) and 18 controls 
without lung diseases (female, 7; male, 11), with mean ages of 
38.7±3.1 and 45.8±2.8 years, respectively. In addition, BALF 
samples were collected from 15 allergy asthma patients and 
10 controls, with mean ages of 30.9±7.63 and 46.8±15.1 years, 
respectively. There were no significant differences in age, 
gender and other clinical data among the patients and healthy 
subjects.

Reduced number of CD4+ CD25bright FOXP3+ Treg cells in 
the peripheral blood of asthma patients. In the present study, 
the highest intensity of CD25+ staining was ranked as the 
brightest 0.5% CD4+ CD25+cells for all patient samples. As 
shown in Fig. 1, the flow cytometric analysis demonstrated 
that patients with asthma generally exhibited a statisti-
cally decreased absolute number of Treg cells in each ml 
of peripheral blood, compared with the controls. The mean 
number of Treg cells/ml was found to be significantly lower 
in asthma patients (5.56±3.3x103/ml) in comparison with the 
healthy controls (8.98±4.3x103/ml; P=0.0093). In addition, 
the proportion of CD4+ CD25bright FOXP3+ Treg cells among 
PBMCs was 0.012-0.51% in asthma patients and 0.121-0.55% 
in the control group (data not shown).

Elevated number of Th17 cells in the peripheral blood of 
asthma patients. The count of Th17 cells in the blood was 
assessed by flow cytometry in order to determine whether it 
was altered in asthma patients compared with the controls. 
As the stimulation of PMA/ionomycin can lead to decreased 
human CD4 expression, CD3+CD8- was selected as a marker 
for CD4+ Th17 cells, according to a previous study (23). 
CD3+CD8- gating was performed in PBMCs to identify IL-17+ 
cells by distinguishing Th17 cells from the cluster of T cells in 
PBMCs. The results indicated that the percentage of Th17 cells 
in the sample of PBMCs in asthma patients was 0.36-1.25%, 

while this percentage was 0.10-0.49% in the control group 
(data not shown). As shown in Fig. 2, the number of Th17 cells 
per ml was significantly higher in the blood of asthma patients 
when compared with the control group (16.45±7.0x103/ml vs. 
7.44±4.60x103/ml, respectively; P=0.007). 

Imbalance between Treg and Th17 cells in the blood of 
asthma patients. As shown earlier, the number of Treg cells 
was decreased, while that of Th17 cells was elevated in 
asthma patients. This association was further investigated 
to determine the association of Treg and Th17 cell counts in 
the asthma patients and corresponding control individuals. 
The number of Treg and Th17 cells in the peripheral blood 
specimens of asthma patients was directly measured simul-
taneously for comparison, and the balance of Treg and Th17 
cells was assessed in 14 controls and 14 asthma patients. 
As shown in Fig. 3, the ratio of Th17/Treg was significantly 
elevated in patients with asthma in comparison with that in 
healthy individuals (P=0.003), whereas the numbers of Treg 
and Th17 cells were comparable in the control group. Thus, 
an imbalance between Treg and Th17 cells was observed in 
the peripheral blood of asthma patients (Fig. 3), due to the 
observed reduction in the number of Treg cells and increase 
in the number of Th17 cells. No significant differences in the 
number of Treg cells were detected between the asthma and 
control groups. However, a significant increase in the number 
of Th17 cells was noted in asthma patients, when compared 
with healthy control subjects (P=0.0045). 

Upregulated gene expression levels of FOXP3 and IL‑17a in 
the peripheral blood of asthma patients. In order to verify 
the Treg and Th17 cell numbers in the asthma patients and 
healthy controls, RT-qPCR was performed for the measure-
ment of FOXP3 and IL‑17a gene expression in the blood 
specimens. An 8-fold elevation in FOXP3 gene expression was 
observed in the asthma blood samples in comparison with the 
expression in the controls (P=0.0025; Fig. 4A). Furthermore, 
a 12-fold elevation in IL‑17a expression was determined in 
asthma patients in comparison with the controls (P=0.0001; 
Fig. 4B).

Increased levels of Th17‑associated cytokines within the 
BALF of asthma patients. In order to determine whether 
the effect of cytokines in the lungs of asthma patients may 
be beneficial for the generation of pathological Th17 cells, 
the expression levels of various associated cytokines were 
investigated by ELISA. The concentration of the IL-6, IL-10, 
IL-23 and TGF-β cytokines was determined in the BALF 
specimens of asthma and control patients. As shown in Fig. 5, 
the results indicated a significantly elevated concentration 
of IL-6, IL-23 and TGF-β in the BALF of asthma patients 
(P=0.01, 0,007 and 0.003, respectively) when compared with 
that in healthy controls. However, the expression of IL-10 in 
the BALF samples of asthma patients was significantly lower 
when compared with that of control individuals (P=0.008).

Discussion

The present study reported that CD4+ CD25high T cells are 
able to suppress T-cell responses. Immunotherapy with 
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peptides targeting CD4 T cell epitopes has been under 
extensive investigation in animal models for the prevention 
and amelioration of inflammatory responses with antigen 
specificity, and is therefore currently the focus of clinical 
trials in the allergy and autoimmunity areas (24). Asthma 
is characterized by a decline in Treg cells along with an 
elevation in Th17 cells in the peripheral blood of patients in 
disease remission (25). In the different pathological stages of 
asthma, an increase in the expression levels of FOXP3 and 
IL‑17a, which are alternative markers of Treg and Th17 cells, 
respectively, has been observed in the peripheral blood (26). 
The data reported in the present study indicated significantly 
increased expression levels of FOXP3 and IL‑17a in asthma 
patients, suggesting that Treg may be activated and released 
into the peripheral blood in order to suppress the pro‑inflam-
matory Th17 immune responses. In addition, the current 
results identified a strong correlation between the amount of 
FOXP3 transcript and the T cell number. However, although 
Treg cells isolated from the peripheral blood of asthma 

patients were demonstrated to be functionally suppressive 
in vitro, their ability to regulate Th17 proliferation and its 
effector activity may be limited in vivo due to the levels of 
pro‑inflammatory cytokines.

For the inflammatory cytokines participating in the 
maintenance the inflammatory response, prolonged exposure 
of Treg cells to various cytokines (particularly IL-10 and 
TGF-β)may impair their suppressive properties, as well as 
prevent their conversion into Th17 cells (27). This process 
may account for the reduced in Treg cell count reported in the 
blood samples of asthma patients in the present study, which 
was accompanied by an increase in the number of Th17 cells. 
The imbalance of circulating Treg and Th17 cells in the blood 
of asthma patients may account for the relapsing and remit-
ting nature of airway inflammation, and methods that aim to 
restore and maintain this balance may provide an effective 
therapeutic strategy.

In mice, it has been reported that TGF-β together with 
IL-6 promote the generation of Th17 cells, with TGF-β 
being a key cytokine for the initiation of Th17 expression 
and IL-6 acting as a crucial co-factor for Th17 differen-
tiation; in addition, IL-23 enhances the expansion of Th17 
cells (10). However, the results of the majority of previous 
studies demonstrated that a range of additional cytokines 
are necessary and able to induce Th17 differentiation in 
humans, including combinations of IL-13, IL-6, IL-21, IL-10 
and TGF-β (28,29). The results revealed that there was no 
evident difference in IL-10 cytokine expression between the 
control and asthma adults; however, IL-10 is known to serve 
an important role in the pathogenesis of asthma (30). An 
alternative pathway of Th17 differentiation involves IL-23 
and TGF-β, and may be a mechanism counteracting the 
resolution of inflammation that is promoted by TGF‑β in 
asthma. In the present study, the level of IL-6 was found 
to be significantly higher in the peripheral blood of asthma 

Figure 3. Balance of Th17 and regulatory T cell numbers is disrupted in 
asthma patients. Absolute number of CD4+ CD25bright FOXP3+ Treg and Th17 
cells was determined using the same patient lymphocyte samples. Each point 
represents an individual patient sample. The horizontal line represents the 
mean values for each group. Th, T helper; Treg, regulatory T; FOXP3, fork-
head box P3; NS, not significant.

Figure 2. Quantification of T helper 17 (Th17) cells in asthma patients. 
Absolute number of Th17 cells was calculated using patient lymphocyte 
counts and the frequency of CD3+ IL-17a+ cells determined by flow cytom-
etry. Each point represents an individual patient sample. The horizontal line 
represents the mean values for each group. IL, interleukin.

Figure 1. Quantification of regulatory T (Treg) cells in asthma patients. 
Absolute number of Treg cells was calculated using lymphocyte counts and 
the frequency of CD4+ CD25bright FOXP3+ cells determined by flow cytom-
etry. Each point represents an individual patient sample. The horizontal line 
represents the mean values for each group. FOXP3, forkhead box P3.
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patients, compared with the controls. Notably, the expres-
sion of IL-17a was closely correlated with IL-6 expression 
in asthma patients in a previous study (31), suggesting that 
these cytokines are involved in driving Th17 production in 
asthma patients. The protective role of TGF-β in asthma 
patients may also be important, since elevated TGF-β has 
been implicated in the differentiation of Treg cells, although 
these patients concurrently experienced a low FOXP3 
level in the peripheral blood, suggesting that low levels of 
Treg cells were present (32). Thus, TGF-β may only have a 
protective effect in the absence of pro‑inflammatory cyto-
kines and may promote Th17 cell growth in the presence of 
IL-6.

In conclusion, the present study revealed that asthma is char-
acterized by an imbalance between Th17 effector cells and Treg 

cells, with elevated numbers of Th17 cells and increased levels 
of proinflammatory cytokines that promote Th17 growth. The 
observed deficit in Treg cells in the asthma patients may impair 
the ability of the immune system to limit excessive pathogenic 
Th17-driven immune responses in the lungs. Accumulating 
data has indicated that the imbalance between the counts of 
Treg and Th17 cells is a characteristic feature of inflamma-
tory disorders (33). Therefore, re-establishing the balance by 
upregulating the number of Treg cells in asthma patients and by 
specifically targeting Th17 cells in a disease environment may 
be an effective therapeutic strategy for asthma.

Figure 5. Expression levels of cytokines (A) IL-6, (B) IL-10, (C) IL-23 and (D) TGF-β, as determined by ELISA. The horizontal line represents the mean values 
for each group. IL, interleukin; TGF, transforming growth factor.

Figure 4. (A) FOXP3 and (B) IL-17a gene expression levels in the peripheral blood of asthma patients and controls. RNA was extracted from the peripheral 
blood, quantified by reverse transcription‑quantitative polymerase chain reaction and normalized to β-actin. The horizontal line represents the mean values for 
each group. FOXP3, forkhead box P3; IL, interleukin.
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  A   B

  C   D
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