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Background: Th17 and regulatory T cell (Treg) play crucial roles in the pathogenesis of 

asthma. However, the association between Th17/Treg homeostasis and asthma exacerbation 

remains unclear. 

Patients and methods: To investigate the role of Th17/Treg bias in asthma exacerbation, 

49 asthma patients were enrolled in the current study, of whom 31 had acute asthma exacerba-

tion (exacerbation group) and 18 did not (non-exacerbation group). Meanwhile, 17 healthy 

subjects were recruited as normal controls (control group). By measuring interleukin (IL)-4, 

IL-13, interferon (IFN)-γ, IL-10, and IL-17A levels in plasma using enzyme-linked immuno-

sorbent assay (ELISA) and determining the mRNA expression of T-bet, GATA-3, forkhead/

winged helix transcription factor (Foxp3), and receptor-related orphan receptor γt (RORγt) in 

peripheral blood mononuclear cells (PBMCs) by quantitative real-time PCR. 

Results: We found that IL-17A/IL-10 and RORγt/Foxp3 ratios were significantly increased 

in the exacerbation group compared with that in the non-exacerbation group, while IL-4/IFN-γ 

and GATA-3/T-bet ratios remained unchanged. Moreover, IL-17A/IL-10 and RORγt/Foxp3 

ratios, but not IL-4/IFN-γ or GATA-3/T-bet ratios, negatively correlated with forced expiratory 

volume in the first second (FEV
1
)/FEV

1pred
 and Asthma Control Test Questionnaire (ACT) scores 

in both exacerbation group and non-exacerbation group. In contrast, the IL-4/IFN-γ ratio was 

negatively correlated with FEV
1
/FEV

1pred
 and ACT scores only in the non-exacerbation group 

but not in the exacerbation group, while the ratio of GATA-3/T-bet was correlated with neither 

FEV
1
/FEV

1pred
 nor ACT scores in both groups with asthma.

Conclusion: Our results suggest that the homeostasis of the Treg and Th17 cells is broken in 

asthma exacerbation and correlates with asthma severity and disease control status. The outcome 

has significant implication in understanding the progression of asthma and providing helpful 

information for physicians in the diagnosis and treatment of asthma patients.
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Introduction
Bronchial asthma is an allergic disease that is characterized by airway inflammation, 

airway wall remodeling, and airway hyperresponsiveness. It is caused by immune dys-

function, in which the helper T (Th) cells play a crucial role.1 Th2/Th1 skewing, which is 

regulated by T-bet and GATA binding protein 3 (GATA-3), the key transcription factors 

for naive T cell differentiation toward Th1 and Th2 cells, respectively, is believed to 

be the driving force for the pathogenesis of asthma.2,3 For example, the activated Th2 

cells and their secreted cytokines, such as interleukin (IL)-4, IL-5, and IL-13, are key 

regulators to develop chronic inflammation and airway hyperresponsiveness, while the 
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Th1 cytokines, eg, interferon (IFN)-γ, prevent this process in 

patients with mild to moderate asthma.4 Although supported 

by intensive research, this theory does not fully explain the 

development of asthma. Evidence has shown that reversing 

the Th1/Th2 imbalance cannot completely restore asthmatic 

symptoms, suggesting the presence of alternative immuno-

regulatory mechanisms underlying asthma progression.5

Besides the Th1/Th2 subsets, another two cell subsets 

with relatively independent function, Th17 cells and regu-

latory T cells (Tregs), have been proven to be also impor-

tant in asthma pathogenesis in emerging research.6,7 For 

instance, as a minor fraction of approximately 5%–10% of 

CD4+ T cells, Tregs expressing the forkhead/winged helix 

transcription factor (Foxp3) take important roles in prevent-

ing autoimmunity and maintaining self-tolerance and exert 

their function partly by the secretion of anti-inflammatory 

cytokines, such as IL-10 and transforming growth factor 

(TGF)-β1.8 In comparison, Th17 cells expressing retinoic 

acid receptor-related orphan receptor γt (RORγt) play a 

critical role in the induction of autoimmune tissue injuries 

and inflammation by producing cytokines IL-17A.9 IL-6 is a 

key cytokine in controlling the balance between Th17 cells 

and Tregs. When exposed to both IL-6 and TGF-β1, naive 

CD4+ T cells differentiate into Th17 cells. In the absence of 

the last cytokine, IL-6 (plus IL-1) favors the degradation of 

FOXP3 and prevents the generation of Tregs.

Experimental and clinical data have indicated that the 

homeostasis between Th17 and Tregs is important in main-

taining lung immunity,10 and the imbalance of Th17/Treg is 

associated with the pathogenesis of inflammatory and autoim-

mune diseases such as allergic rhinitis (AR) and asthma.11,12 

For example, elevated Th17 cell response coupled with the 

deficiency of Treg response were observed in bronchial 

asthma in both adults and children.13,14 This is supported by a 

significant increase in Th17 cell numbers in their peripheral 

blood and Th17 cytokines in lung tissue, sputum, and bron-

choalveolar lavage fluid (BALF), as well as a corresponding 

decrease of Treg numbers, IL-10 release, and Foxp3 levels 

in the peripheral blood and BALF.12,14 Studies have showed 

that in allergic patients, Treg numbers decrease in peripheral 

blood and BALF and cannot suppress the cell proliferation and 

cytokine production of allergen-stimulated CD4+ T cells.15,16 

In addition, several murine studies have demonstrated that the 

induction of Treg function reverses airway hyperresponsive-

ness and protects against experimentally induced asthma.17

The results of these previous studies implicated a skewing 

of Th17/Treg balance in asthmatic condition. Importantly, 

IL-17 was also reported to be correlated with airway 

hypersensitivity as well as asthma severity,18,19 indicating that 

Th17/Treg homeostasis may play a role in modulating asthma 

progression. However, whether Th17/Treg homeostasis could 

be adopted to predict asthma progression, such as asthma 

exacerbation, is still unclear and under investigation. Thus, 

we hypothesized that Th17/Treg homeostasis was involved in 

asthma exacerbation and correlated with disease severity.

In the current study, we analyzed the expression profile 

of Th17 and Tregs in patients with different asthma control 

status, with the purpose to find out whether the bias of 

Th17/Treg homeostasis is involved in asthma exacerbation 

and its relationship with lung function and the Asthma 

Control Test Questionnaire (ACT) scores. The outcome has 

significant implication in understanding the progression of 

asthma and providing helpful information for physicians in 

the diagnosis and treatment of asthma patients.

Patients and methods
subjects
Patients with diagnosed asthma attending the Third-Affiliated 

Hospital of Sun Yat-sen University, China, were recruited in 

the study between December 2016 and May 2017 based on 

the diagnostic criteria of the Global Initiative for Asthma 

(GINA), 2016 guidelines. According to the asthma exacerba-

tion situation, patients were divided into two groups. Patients 

with asthma exacerbation within 1 week were assigned to 

the exacerbation group, while patients with asthma remis-

sion within 3 months were assigned to the non-exacerbation 

group. The exclusion criteria were as follows: the chest X-ray 

showed pulmonary infection; treatment with systemic gluco-

corticoid within 1 month before the study or treatment with 

other immunosuppressive agents or desensitization therapy; 

complications related to severe heart, hepatic, renal disease, 

or malignancy; and pregnancy. In addition, 17 healthy sub-

jects served as the control group, who were nonsmokers 

with normal pulmonary function, negative allergy tests, and 

free from upper respiratory tract infections in the 4 weeks 

preceding the study. This study was conducted respecting the 

Declaration of Helsinki of the World Medical Association 

1964 (and subsequent ratifications) on ethical principles for 

medical research in humans and approved by the Research 

Ethics Board (No 2013229) of the Third-Affiliated Hospital 

of Sun Yet-sen University. Written informed consent was 

obtained from all individuals.

sample preparation
Ten milliliters of heparinized peripheral venous blood was 

collected from each participant. Plasma, used to measure 
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cytokine concentrations, was isolated from the peripheral 

blood and stored at -20°C for further use. Peripheral blood 

mononuclear cells (PBMCs) were obtained by Ficoll-

Hypaque density centrifugation (1,200× g for 20 minutes 

at room temperature), and monocytes/macrophages were 

depleted from the PBMC suspension by using l-leucine 

methyl ester. The detailed steps were following the pro-

tocol introduced by Fuss et al,20 in 2009. Isolated PBMCs 

were stored at -80°C after addition of 1 mL Trizol solution 

for the reverse transcription polymerase chain reaction 

(RT-PCR) analysis.

enzyme-linked immunosorbent assays 
(elisas)
Concentrations of cytokines IFN-γ, IL-4, IL-17A, IL-10, and 

IL-13 in plasma were measured by ELISA (R&D Systems, 

Inc, Minneapolis, MN, USA), according to manufacturer’s 

instructions. Briefly, blood samples were added in duplicate 

to 96-well plates with 100 µL per well. The appropriate 

biotin-conjugated antibodies were added to each well. 

Samples were incubated at room temperature for 2 hours. 

Wells were then aspirated, and each well was washed five 

times. Substrate solutions were added to each well and were 

incubated for 30 minutes at room temperature in the dark. 

The optical density (OD) of each well was determined using 

a microplate reader (Bio-Rad Model 680; Bio-Rad Labora-

tories Inc., Hercules, CA, USA) set to 450 nm. A standard 

curve was created with the average of the OD duplicate read-

ings. Concentrations of target cytokines were calculated by 

comparing the OD value with the standard cure.

Quantitative real-time RT-PCR analysis
Total RNA was extracted from PBMCs by using Tri-

zol reagent (Thermo Fisher Scientific, Waltham, MA, 

USA) with the Qiagen RNeasy mini protocol and was 

converted to cDNA using oligo-dT and SuperScript RT 

II (Thermo Fisher Scientific). cDNA was diluted, and 

real-time PCR for Foxp3, RORγ t, GATA-3, T-bet, and 

an endogenous reference gene (β-actin) was performed 

using an ABI 7500 Sequence Detection System (Thermo 

Fisher Scientific) with the SYBR Green Master Mix Kit 

(Takara, Kyoto, Japan). The following primers were 

used: β-actin, 5′-GTGGGGCGCCCCAGGCACCA-3′ 
(forward) and 5′-CTCCTTATGTCACGCACGATTTC-3′ 
(reverse), with amplified length of 239 bp; T-bet, 

5′-AATGTGACCCAGATGATTGTGC-3′ (forward) 

and 5 ′-CTTGGAAAGTAAAGATATGCGTGTT-3′ 
(reverse), with amplified length of 130 bp; GATA-3, 

5′-TGAAGGATGCCAAGAAGTT-3′ (forward) and  

5′-TGAACAAATGATTCGCCTA-3′ (reverse), with 

amplified length of 203 bp; Foxp3, 5′-AGAACGCCATC 

CGCCACAACCTGA-3′ (forward) and 5′-GCCCCTGTT 

CGTCCATCCTCCTTT-3′ (reverse), with amplified length 

of 190 bp; and RORγ t, 5′-GGCCATTCAGTACGTGG 

TGGAGTTCGC-3′ (forward) and 5′-CCGTGCGGTTG 

TCAGCATTGTAGGC-3′ (reverse), with amplified length 

of 169 bp. PCR program: 94°C for 60 seconds, 56°C for 

40 seconds, 72°C for 60 seconds, 40 cycles, 25 µL volume 

system. The mRNA expression was normalized to the 

expression of the β-actin housekeeping gene and recorded 

as ΔCT (comparative threshold cycle, or CT), and then the 

ΔΔCT values were converted to 2-ΔΔCT for comparison.

lung function and aCT questionnaire
Lung function test of forced expiratory volume in the first 

second (FEV
1
, % predicted) was performed in all individuals. 

Patients with asthma in addition completed the ACT. Five 

questions were included in the questionnaire, with a score 

of 1–5 for each question. The total ACT score was obtained 

by summation of individual question scores.

statistical analyses
SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was used for sta-

tistical analyses. Homogeneity of variance in the three groups 

was tested. If the tested group showed homogeneity, one-

way analysis of variance (ANOVA) followed by Student–

Newman–Keuls test was performed. When heteroscedasticity 

was present in the test group, the data were analyzed using 

Mann–Whitney test and expressed as median (interquartile 

range). The relationship between the cytokines/transcript 

expression and the lung function as well as the ACT score 

was performed with Spearman test. P-value of less than 0.05 

was considered statistically significant.

Results
general patient characteristics
Forty-nine patients with bronchial asthma were enrolled and 

divided into two subgroups: 31 with asthma exacerbation and 

18 without disease exacerbation. There were no significant 

differences in terms of age (P = 0.119) or gender (P = 0.211) 

among three study groups (Table 1). FEV
1
 (% predicted) was 

significantly lower in patients with asthma exacerbation than 

in those without asthma exacerbation (mean = 76.1 ± 8.1 vs 

87.6 ± 6.6, respectively; P = 0.013), while mean ACT scores 

were lower in patients with asthma exacerbation than in those 

without exacerbation (P = 0.021; Figure 1).
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Table 1 Patient characteristics processed data

Exacerbation group Non-exacerbation group Control group

Age 
(years)

Disease 
course (years)

Gender Age 
(years)

Gender Disease 
course (years)

Age 
(years)

Gender

31 2 M 25 F 3 25 M
29 5 M 35 F 6 28 M
48 4 F 58 M 32 36 F
51 7 M 36 F 12 26 M
32 4 F 22 M 4 20 F
37 9 M 48 M 25 18 M
51 12 M 50 M 12 41 F
47 9 F 26 M 4 33 M
32 1 M 18 F 3 29 M
52 12 F 29 M 5 27 F
41 10 F 51 F 8 24 F
41 6 M 32 M 7 26 F
28 4 M 44 M 25 30 F
26 5 M 37 F 9 28 M
50 21 F 56 F 38 29 M
22 4 M 32 M 20 25 M
42 8 F 41 F 14 24 F
58 29 M 35 M 3
35 9 F
20 7 M
33 4 F
57 20 M
39 10 F
41 7 M
30 3 F
36 6 F
65 34 M
40 4 M
38 8 F
57 37 M
34 10 F

Abbreviations: F, female; M, male.

Figure 1 lung function and aCT scores.
Notes: (A) FeV1/FeV1pred levels in three groups. (B) The aCT scores in patients with asthma (*P , 0.05, **P , 0.01).
Abbreviations: aCT, asthma Control Test Questionnaire; FeV1, forced expiratory volume in the first second.

Cytokine and transcription factor levels 
in plasma
To study the response of Th cell subsets in patients with asthma, 

we measured the concentrations of IL-4, IL-13, IL-17A, IL-10, 

and IFN-γ in the plasma collected from all subjects. The results 

show that IL-4, IL-13, and IL-17A levels were increased sig-

nificantly in asthma groups compared with the control subjects, 

with the exacerbation group higher than the non-exacerbation 
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group. In contrast, IFN-γ levels were markedly reduced in 

asthma groups with a further decline in asthma exacerbation, 

and IL-10 levels were reduced only in the exacerbation group, 

but not in the non-exacerbation group (Figure 2A).

To further investigate T helper cell differentiation in asth-

matic patients, we examined the mRNA expression of tran-

scription factors T-bet, GATA-3, Foxp3, and RORγt in PBMCs 

of all participants. Levels of GATA-3 and RORγt mRNA are 

significantly higher in patients with asthma exacerbation than 

the other two groups. In comparison, T-bet mRNA expression 

was markedly reduced in asthma groups but was unchanged in 

asthma exacerbation when compared with non-exacerbation 

asthma. In addition, patients with asthma exacerbation had 

decreased Foxp3 mRNA expression when compared with 

patients in the other two groups (P = 0.045), but the differ-

ences between the control and non-exacerbation groups were 

not statistically significant (P = 0.417; Figure 3A).

Correlation analysis between Th17/Treg 
homeostasis and exacerbation of asthma
We compared the expression ratios of IL-4/IFN-γ and IL-17A/

IL-10 among the different groups and found that both IL-4/

IFN-γ and IL-17A/IL-10 ratios were markedly increased 

in asthma patients compared with the healthy controls. 

γ γ

Figure 2 The cytokine levels in plasma.
Notes: (A) Cytokine iFn-γ, il-4, il-17a, il-10, and il-13 expression levels in the three groups. (B) The ratio of il-4/iFn-γ and il-17a/il-10 in plasma. (*P , 0.05 versus 
control group, #P , 0.05 versus non-exacerbation group, one-way analysis of variance).
Abbreviations: iFn-γ, interferon-γ; il, interleukin.

γ γ

Figure 3 The transcription factor mRna levels in plasma. (The mRna level calculated here is relative to house-keeping gene expression.)
Notes: (A) The transcription factor levels in the three groups. (B) The ratio of gaTa-3/T-bet and RORγt/Foxp3 in plasma. (*P , 0.05 versus control group, #P , 0.05 
versus non-exacerbation group, Mann–Whitney test).
Abbreviations: Foxp3, forkhead/winged helix transcription factor 3; gaTa-3, gaTa binding protein 3; RORγt, retinoic acid–related orphan receptor gamma T; T-bet, 
T-box expressed in T cells.
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Nevertheless, only IL-17A/IL-10 ratio (P = 0.036), but not IL-4/

IFN-γ ratio (P = 0.328), was increased in the exacerbation group 

compared with the non-exacerbation group (Figure 2B).

To assess the correlation of Th17/Treg and Th1/Th2 

homeostasis with different asthma status at the transcrip-

tion level, we also compared the mRNA ratios of GATA-3/ 

T-bet and RORγt/Foxp3 among the three groups. The results 

suggest that both GATA-3/T-bet and RORγt/Foxp3 ratios 

were significantly higher in PBMCs collected from two 

asthma groups than the control group. The GATA-3/T-bet 

ratio showed no significant difference between the two 

asthma groups, while RORγt/Foxp3 ratio increased in the 

exacerbation group compared with the non exacerbation 

group (Figure 3B).

Correlation analysis between Th17/Treg 
and Th2/Th1 homeostasis in patients with 
asthma
To determine whether Th17/Treg homeostasis correlates with 

Th1/Th2 homeostasis, a correlation analysis was conducted 

between IL-4/IFN-γ and IL-17A/IL-10 ratios in patients with 

or without asthma exacerbation. The results suggest that 

there was no significant correlation between the two ratios. 

In parallel, no correlation was observed between the ratio of 

GATA-3/T-bet and RORγt/Foxp3 in two asthma groups as 

well (Figure 4).

Correlation analysis between Th17/Treg 
homeostasis and lung function, aCT 
scores
To identify if Th17/Treg or Th1/Th2 homeostasis cor-

relates with the severity of asthma, we performed correla-

tion analysis between ratios of cytokines levels and FEV
1
/

FEV
1pred

/ACT scores. Strikingly, in both asthma groups 

with or without exacerbation, the ratio of IL-17A/IL-10 

was negatively correlated with FEV
1
/FEV

1pred
 (r = -0.769, 

P = 0.001 for exacerbation group and r = -0.965, P = 0.003 

for non-exacerbation group) and ACT scores (r = -0.487, 

P = 0.016 for exacerbation group and r = -0.667, P = 0.029 

for non-exacerbation group). In comparison, the negative 

correlation between the IL-4/IFN-γ ratio and FEV
1
/FEV

1pred
/

ACT scores was observed only in the non-exacerbation 

γ

γ

γ

γ

Figure 4 spearman’s correlation analysis between Th17/Treg and Th2/Th1 homeostasis in asthmatic patients.
Notes: Correlation analysis between il-17a/il-10 and il-4/iFn-γ (A, r = -0.201, P = 0.278) and RORγt/Foxp3 and gaTa-3/T-bet in exacerbation group (B, r = -0.250, 
P = 0.173) and between il-17a/il-10 and il-4/iFn-γ (C, r = 0.876, P = 0.054) and RORγt/Foxp3 and gaTa-3/T-bet (D, r = -0.231, P = 0.338) in non-exacerbation group. 
P-value less than 0.05 means significant correlation.
Abbreviations: Foxp3, forkhead/winged helix transcription factor 3; gaTa-3, gaTa binding protein 3; iFn-γ, interferon-γ; il, interleukin; RORγt, retinoic acid–related 
orphan receptor gamma T; T-bet, T-box expressed in T cells.
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group (r = -0.842, P = 0.004 for FEV
1
/FEV

1pred
; r = -0.467, 

P = 0.044 for ACT scores), but not in asthma exacerbation 

group (P = 0.093 for FEV
1
/FEV

1pred
; P = 0.0075 for ACT 

scores; Figures 5 and 6). These observations suggest that 

IL-17A/IL-10 ratio may be more related to asthma severity 

than IL-4/IFN-γ.

The same analysis was also performed at transcriptional 

levels. As what we observed in cytokine expression levels, 

there is a negative correlation between RORγt/Foxp3 mRNA 

ratio and FEV
1
/FEV

1pred
 in asthma patients with (r = -0.725, 

P = 0.016) or without exacerbation (r = -0.758, P = 0.028). 

As for ACT scores, correspondingly negative correlation 

was observed in exacerbation group (r = -0.632, P = 0.015), 

but not in non-exacerbation group (P = 0.086). In com-

parison, the GATA-3/T-bet ratio was not correlated with 

either FEV
1
/FEV

1pred
 or ACT scores in both asthma groups 

(Figures 7 and 8).

Discussion
In the current study, we showed that both the expression of 

Th17-related cytokine IL-17A and Th17-expressing tran-

scription factor RORγt mRNA was increased in patients 

with or without asthma exacerbation, accompanied by 

correspondingly decreasing Treg-related cytokine IL-10 

levels and transcription factor Foxp3 mRNA expression, 

when compared to control group. This finding is consistent 

with the results showed in previous studies,14,19 suggesting 

that the imbalance of Th17/Treg is involved in the patho-

genesis of asthma.

Animal studies have also recently demonstrated the 

central roles of Th17 cells in allergic diseases such as 

asthma. In the study by Zhang et al,21 they found that by 

downregulating Th17 cell differentiation, acute airway 

inflammation of allergic asthma was inhibited in mice, 

while other researchers showed that Th17 cells could induce 

airway remodeling independent of the Th2 response in 

mice with genetic disruption of gp130 in T cells. They also 

found that all-trans retinoic acid administration ameliorated 

Th17-mediated disease and increased Treg activity, while 

dexamethasone inhibited eosinophilia but not neutrophilia 

and enhanced Th17 development in vitro. The result of their 

study established an important role for Th17 cells in airway 

remodeling and chronic neutrophilia, independent of allergic 

inflammation, which suggested that targeting the Th17/Treg 

axis might be therapeutic in neutrophilic and glucocorticoid-

refractory asthma.22

γ γ

Figure 5 spearman’s correlation analysis between cytokine expression ratios and disease severity in exacerbation group.
Notes: Correlation analysis between il-17a/il-10 and FeV1/FeV1pred (A, r = -0.769, P = 0.001) and aCT scores (B, r = -0.487, P = 0.016) and between il-4/iFn-γ and 
FeV1/FeV1pred (C, r = 0.307, P = 0.093) and aCT scores (D, r = 0.415, P = 0.075). P-value less than 0.05 means significant correlation.
Abbreviations: aCT, asthma Control Test Questionnaire; FeV1, forced expiratory volume in the first second; IFN-γ, interferon-γ; il, interleukin.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2018:14submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1634

Zou et al

γ γ

Figure 6 spearman’s correlation analysis between cytokine expression ratios and disease severity in non-exacerbation group.
Notes: Correlation analysis between il-17a/il-10 and FeV1/FeV1pred (A, r = -0.965, P = 0.003) and aCT scores (B, r = -0.667, P = 0.029) and between il-4/iFn-γ and 
FeV1/FeV1pred (C, r = -0.842, P = 0.004) and aCT scores (D, r = -0.467, P = 0.044). P-value less than 0.05 means significant correlation.
Abbreviations: aCT, asthma Control Test Questionnaire; FeV1, forced expiratory volume in the first second; IFN-γ, interferon-γ; il, interleukin.

γ γ

Figure 7 spearman’s correlation analysis between transcription factor mRna levels and disease severity in exacerbation group.
Notes: Correlation analysis between RORγt/Foxp3 and FeV1/FeV1pred (A, r = -0.725, P = 0.016) and aCT scores (B, r = -0.632, P = 0.015) and between gaTa-3/T-bet and 
FeV1/FeV1pred (C, r = 0.172, P = 0.355) and aCT scores (D, r = 0.183, P = 0.324). P-value less than 0.05 means significant correlation.
Abbreviations: aCT, asthma Control Test Questionnaire; FeV1, forced expiratory volume in the first second; Foxp3, forkhead/winged helix transcription factor; GATA-3, 
gaTa binding protein 3; RORγt, retinoic acid–related orphan receptor gamma T; T-bet, T-box expressed in T cells.
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Th17/Treg homeostasis is implicated in exacerbation of asthma

To find out the relationship between Th17/Treg homeo-

stasis and asthma exacerbation and to know whether Th17/

Treg homeostasis could be adopted to predict asthma pro-

gression, such as asthma exacerbation, we compared the 

levels of cytokines and transcript factor mRNA specifically 

related to Th17 and Tregs, with the results showing that 

there is a greater Th17 (RORγt)/Treg (Foxp3) proportion 

(as well as the corresponding cytokines IL-17A/IL-10) during 

acute exacerbations of asthma (asthma attack), compared to 

the non-exacerbation group. By analyzing the correlations 

between Th17/Treg homeostasis and FEV
1
/FEV

1pred
, the 

important marker for evaluation of lung function, which is 

linked to asthma severity, and ACT scores, a well-known 

indicator for asthma control status,23–25 we found that a shift 

of Th17/Treg homeostasis to the Th17 direction might con-

tribute to the disease severity of asthma. However, unlike 

Th17/Treg homeostasis, a shift of Th1/Th2 homeostasis 

to the Th2 responses has no significant correlation to lung 

function or ACT scores.

Since our results showed that the homeostasis of Th17/

Treg, but not Th1/Th2 homeostasis, played a crucial role 

in asthma exacerbation and the disease progression, the 

former might be a potential therapeutic target for asthma 

exacerbation. Agents acting on Th17/Treg axis might 

stop asthma exacerbation by modulating the balance. In 

recent years, several studies have targeted Th17 cells for 

therapy in allergic diseases. In the research conducted by 

Zhao et al, they found that anti-IL-17 Ab treatment might 

protect against AR by giving anti-IL-17 Abs intranasally 

during the re-challenge of BALB/c mice with ovalbumin 

(OVA)-induced AR, with a concomitant increase in Treg 

response.26 Adenosine A2A receptor (A2AR) is considered 

as the main anti-inflammatory receptor by increasing Foxp3 

expression and inhibiting Th17 cells generation. A recent 

study found that A2AR mRNA in PBMCs was associated 

with asthma severity, and A2AR agonist CGS-21680 could 

promote Foxp3 mRNA expression, TGF-β, and improve lung 

function while inhibiting RORγt mRNA expression, IL-17, 

and the infiltration of lung inflammation cells. Thus, they 

look forward that A2AR could be used to control asthma 

exacerbation by modulating the balance.27

Conclusion
The present study showed that Th17/Treg homeostasis, but 

not Th1/Th2 homeostasis, is related to asthma exacerbation 

and disease severity, which might provide novel strategies to 

γ γ

Figure 8 spearman’s correlation analysis between transcription factor mRna levels and disease severity in non-exacerbation group.
Notes: Correlation analysis between RORγt/Foxp3 and FeV1/FeV1pred (A, r = -0.758, P = 0.028) and aCT scores (B, r = -0.415, P = 0.086) and between gaTa-3/T-bet and 
FeV1/FeV1pred (C, r = 0.292, P = 0.239) and aCT scores (D, r = 0.301, P = 0.225). P-value less than 0.05 means significant correlation.
Abbreviations: aCT, asthma Control Test Questionnaire; FeV1, forced expiratory volume in the first second; Foxp3, forkhead/winged helix transcription factor; GATA-3, 
gaTa binding protein 3; RORγt, retinoic acid–related orphan receptor gamma T; T-bet, T-box expressed in T cells.
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Zou et al

treat asthma exacerbation by taking Th17/Treg homeostasis 

as a target. Moreover, further studies are needed to clarify the 

mechanism of Th17/Treg imbalance leading to the asthma 

exacerbation and affecting disease severity.
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