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ABSTRAT 

 

The purpose of the present study is to investigate the prevalence of Th17 and regulatory 
T (Treg) cells in children with allergic rhinitis (AR) accompanying with bronchial asthma 
(BA). 

24 children with AR, 22 children with BA, 18 children with AR accompanying with BA, 
and 20 healthy controls were recruited. The prevalence of peripheral blood Th17 and Treg 
cells were determined by flow cytometry. mRNA expression of retinoid-acid receptor-related 
orphan receptor (ROR)-γt and forkhead box P3 (Foxp3) were determined by realtime 
polymerase chain reaction. Cytokine expressions in plasma were determined by enzyme 
linked immunosorbent assay. 

 The frequency of Th17 cells, ROR-γt mRNA expression, and the plasma levels of IL-17 
were significantly higher, while Treg cells and Transforming growth factor (TGF)-β1 were 
significantly lower in children with AR accompanying with BA compared with those in 
children with AR or BA alone or control subjects. In children with allergic airway disease, 
total IgE levels were positively correlated to the frequency of Th17 cells (r=0.607, p<0.01), 
plasma IL-17 levels, and negatively correlated to the frequency of Treg cells (r=-0.429, 
p<0.01) and TGF-β1 levels (r=-0.224, p<0.01). While Forced expiratory volume in one 
second (FEV1) (% predicted) was negatively correlated to the frequency of Th17 cells (r=-
0.602, p<0.01), plasma IL-17 levels (r=-0.577, p<0.01), and positively correlated to the 
frequency of Treg cells (r=0.504, p<0.01) and TGF-β1 levels (r=0.231, p<0.05).  

Our results demonstrate that the imbalance of peripheral Th17/Treg cells plays an 
important role in the pathogenesis of AR accompanying with BA. 
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INTRODUCTION 

 

Allergic diseases, including allergic rhinitis (AR) 

and bronchial asthma (BA), are chronic inflammatory 

disorders characterized by an aberrant immune 

response to harmless environmental antigens, such as 

house dust mites.
1
 The inhalation of allergens leads to 

hyperreactivity, recruitment of eosinophils, mast cells 

and lymphocytes in the upper and lower airways, 

triggering the inflammatory cascade and generating 

local and systemic inflammatory responses.
2
  

Experimental and clinical data have indicated that 

the balance between the Th1 and Th2 cells responses 

are central to the pathogenesis of allergic airway 

inflammation.
3
 It is widely accepted that Th2 cytokines 

such as interleukin (IL)-4, IL-5, IL-9 and IL-13 play 

critical roles in orchestrating and amplifying allergic 

inflammation, while the Th1 cytokines, such as 

interferon-γ, is thought to prevent this process.
4
 

However, in recent years, it was recognized that 

Th1/Th2 imbalance does not fully explain the aetiology 

of asthma, reversing the Th1/Th2 imbalance does not 

fully control asthmatic symptoms in humans.
5,6

 Th17 

and regulatory T (Treg) cells have been recently 

described as two distinct subsets from within the Th1 

and Th2 T cell population. Th17 cells and their effector 

cytokine IL-17 have been showed to play pro-

inflammatory roles in the development of autoimmune 

disorders and chronic inflammation,
6
 while Treg cells 

play an anti-inflammatory role and maintain tolerance 

to self-components by  producing anti-inflammatory 

cytokines, such as IL-10 and transforming growth 

factor (TGF)-β.
7,8

 A number of recent studies have 

evidenced that both an excess in Th17 function, or 

increased numbers of Th17 cells, and a defect in Treg 

function or reduced numbers of Treg cells, trigger the 

development and progression of allergic diseases, 

including allergic asthma and rhinitis.
5,9,10

 Thus, the 

balance between Th17and Treg cells may be important 

in the development of allergic diseases. 

It is broadly recognized that allergic rhinitis and 

bronchial asthma commonly occur together, and 

rhinitis is a major risk factor for the development of 

asthma.
11

 The reported prevalence of allergic rhinitis in 

children with asthma ranges from 6.2% to 95%.
12

 

Previous studies often examined the prevalence and 

pathogenic roles of Th1/Th2, or Th17/Treg balance in 

children with allergic asthma or rhinitis alone.
9,13,14

 

However, rare studies were seen focusing on 

thisbalance in children with both BA and AR. Thus, the 

aim of this study was to describe the prevalence of 

Th17/Treg cell subsets in children with AR 

accompanying with BA, compared with children with 

AR or BA alone. 

 

MATERIALS AND METHODS 

 

Study Groups 

64 children aged 6-15 years with allergic airway 

symptoms were recruited to the study between February 

and December 2013, including 24 with AR, 22 with BA 

and 18 with AR accompanying with BA. 20 age-

matched, healthy control subjects without allergy were 

recruited as normal control subjects. BA diagnosis and 

assessment of severity were performed according to 

Global Initiative for Asthma (GINA) guidelines.
15

 AR 

diagnosis was performed according to Allergic Rhinitis 

and its Impact on Asthma (ARIA) guidelines.
16

 This 

study was approved by the Ethical Committee of our 

hospital. Written informed consent was obtained from all 

parents/guardians of all children and control subjects. 

 

Preparation of Peripheral Blood Mononuclear Cells 

(PBMCs) 

PBMCs of heparinized peripheral blood from the 

study subjects were isolated by Ficoll density gradient 

centrifugation (HAO YANG, Tianjin, China). The cells 

were cultured in RPMI 1640 medium (Invitrogen) 

supplemented with 100 U/ml penicillin and 100 U/ml 

streptomycin, 2 mM glutamine, and 10% FBS (Gibico, 

USA).  

 

Intracellular Staining of ROR-γt and Foxp3 

2×10
6
 PBMCs were harvested, washed and stained 

with FITC-conjugated anti-human CD3 and 

PercpCy5.5-conjugated anti-human CD4 for 30min on 

ice in the presence of FcR-block (eBioscience, San 

Diego, CA). After surface staining, cells were fixed and 

permeabilized using the human forkhead box P3 
(FoxP3) Buffer Set according to the manufacturer’s 

instruction (eBioscience, San Diego, CA). Finally, the 

cells were stained with PE-conjugated anti-human 
retinoid-acid receptor-related orphan receptor 

(ROR)-γt for Th17 detection and APC-conjugated anti-

human Foxp3 for Treg detection at 4°C for 30min. 

Isotype controls were used to enable correct 

compensation and confirm antibody specificity. Data 

were acquired on a FACS Calibur (BD Bioscience, San 
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Diego, CA) and analyzed using Flowjo software 

(FlowJo, Ashland, OR). 

 

Quantitative Real-Time Polymerase Chain Reaction 

(PCR) 

Total mRNA from PBMCs was extracted using 

TRIzol reagent (Invitrogen,USA). First-strand cDNA 

was synthesized from 1 μg mRNA using reverse 

transcriptase (Fermentas, Glen Burnie, MD) and 

oligo(dT) primers. Quantitative real-time PCR was 

performed using the ABI 7300 Sequence Detection 

System with primer pairs and SYBR Green PCR 

Master Mix (Applied Biosystems). The primer 

sequences used were as follows: ROR-γt  

forward:5’-GCTGGTTAGGATGTGCCG-3’ and 

reverse: 5’-GGATGCTTTGGC GATGA-3’; Foxp3 

forward: 5’-ATGCGACCCCCT TTCACCTAC-3’ and 

reverse: 5’-TGGCGGATGGCGTTCTTC-3’; β-actin 

forward: 5’-CACCATTGGCAATGAGCGGTTCC-3’ 

and reverse: 5’-GTAGTTTCGTGGATGCCACAGG-

3’. The mRNA expression was normalized to the 

expression of the β-actin housekeeping gene using the 

2
-ΔCt

 (comparative threshold cycle, or CT) method. 

 

Enzyme Linked Immunosorbent Assays (ELISA)  

The concentrations of Interleukin (IL)-6, IL-10, IL-

17, IL-23 and TGF-β1 in plasma which were collected 

from EDTA blood samples were measured by ELISA 

in accordance with the manufacturer’s instructions 

(eBioscience, San Diego, CA). The concentrations of 

total IgE were also measured by ELISA. All samples 

were measured in duplicate. 

 

Statistical Analysis  

SPSS 16.0 (SPSS Inc., USA) was used for statistical 

analysis. Data were expressed as the mean± SD. 

Statistical analysis was performed using Kruskal Wallis 

test and the differences between groups were evaluated 

by nonparametric Mann Whitney test. The correlation 

coefficient was generated by using Spearman’s rank 

correlation. Statistical significance was defined as 

p<0.05. 

 

RESULTS 

 

Characteristics of Study Participants 

The clinical characteristics of the study participants 

are summarized in Table 1. There were no significant 

differences in terms of age or gender among the three 

subgroups of children with allergic diseases and the 

normal control group. Total IgE levels were 

significantly higher in all children with allergic disease 

than in the normal control group. Children with AR 

accompanying with BA had total IgE levles 

significantly higher than those of children with BA or 

AR alone. 

 

Prevalence of Th17 and Treg Cells in the Peripheral 

Blood of Children with Allergic Disease 

PMBCs in children with allergic diseases and 

control subjects were examined for the prevalence of 

Th17 cells (CD4
+
ROR-γt

+
) and Treg cells 

(CD4
+
Foxp3

+
). As shown in Figure 1, the frequency of 

Th17 cells were significantly increased (Figures 1A 

and B), while Treg cells were markedly decreased 

(Figures 1C and D) in children with allergic diseases in 

comparison with those in control subjects. However, 

there was no significant difference in the prevalence of 

Th17 cells and Treg cells between the BA and AR 

children. Interestingly, children with AR accompanying 

with BA had highest level of Th17 cells and lowest 

level of Treg cells among children with allergic 

diseases. Compared with control subjects, the ratio of 

Th17/Treg cells was also higher in children with 

allergic diseases (Figure 1E). Furthermore, the ratio of 

Th17/Treg cells was significantly higher in children 

with AR accompanying with BA than in children with 

AR or BA alone (Figure 1E).  

 

Table 1. Clinical characteristics of study participants (mean ±SD) 

Characteristics BA (n=24) AR (n=22) BA and AR (n=18) Controls (n=20) 

Age (years) 9.1±2.7 9.7±3.3 9.4±2.7 9.2±3.5 

Gender (male/female) 12/12 14/8 12/6 10/10 

Total IgE (IU/ml) 204.5±57.9** 137.5±53.7** 271.7±45.3**† 44.3±16.6 

FEV1(% predicted) 88.5±8.2 91.4±10.3 81.6±7.7 99.4±8.7 

BA, bronchial asthma; AR, allergic rhinitis; BA and AR, bronchial asthma accompanying AR. FEV1, forced expiratory volume in 1 second. Data are 

expressed as mean ±SD.                                  
** P <0.01 versus control subjects; †P<0.05 versus BA or AR. 
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Figure 1. The frequencies of Th17 and Treg cells relative to CD4+T cells in the peripheral blood of children with allergic 

disease and normal subjects were evaluated by flow cytometry. (A) Representative dot plots of CD4+ROR-γt+cells from a 

single children in each group. (B) Frequencies of CD4+ROR-γt+cells in each group. (C) Representative dot plots of 

CD4+Foxp3+cells from a single children in each group. (D) Frequencies of CD4+Foxp3+cells in each group. (E) The ratio of 

Th17/Treg cells in each group. Data shown are the means± SD. * P<0.05, ** P <0.01, *** P <0.001. BA, bronchial asthma; 

AR, allergic rhinitis; BA and AR, bronchial asthma accompanying with AR. 

 

 

Expression of ROR-γt and FoxP3 mRNA Levels in 

Children with Allergic Disease 

mRNA expression of specific transcription factors 

of Th17 and Treg cells in PBMCs were also compared 

between children with allergic diseases and control 

subjects. As shown in Figure 2A, the expression of 

ROR-γt mRNA was markedly higher in children with 

allergic diseases than in the control group, and children 

with AR accompanying with BA had higher mRNA 

expression of ROR-γt than that of children with AR or 

BA. However, there was no significant difference of 

Foxp3 mRNA expression among the four groups, but  a 

downward trend was observed across children with AR 

accompanying with BA to children with AR or BA 

alone. The ratio of ROR-γt/Foxp3 mRNA was 

significantly higher in children with AR accompanying 

with BA than the other three groups (Figure 2B). 

 

Plasma Cytokine Levels in Children with Allergic 

Disease 

Levels of the Th17 and Treg cell effector cytokines 

IL-6, IL-17, IL-23, IL-10 and TGF-β1 in the plasma 

were measured. As shown in Table 2, the plasma levels 

of IL-6, IL-17 and IL-23 were significantly higher 

while TGF-β1 level was significantly lower in children 

with allergic diseases than those in control subjects. 
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Furthermore, the level of IL-17 was significantly higher 

in children with AR accompanying with BA than in 

children with AR or BA alone, and the level of TGF-β1 

was significantly lower in children with AR 

accompanying with BA than in children with AR or 

BA alone. However, the level of IL-10 in the plasma of 

allergic disease patients was similar to those of the 

control subjects. There were no differences in the 

expression of these cytokines between the two 

subgroups of children with allergic diseases. 

 

Correlation Analysis in Children with Allergic 

Airway Disease   

In children with allergic airway disease, the 

frequency of peripheral blood Treg cells was negatively 

correlated to the percentage of Th17 cells (r=-0.579, 

p<0.01) and plasma IL-17 levels (r=-0.337, p<0.01). 

Total IgE levels were positively correlated to the 

frequency of Th17 cells (r=0.607, p<0.01), plasma IL-

17 levels (r=0.513, p<0.01) and IL-23 levels (r=0.127, 

p<0.05), and negatively correlated to the frequency of 

Treg cells (r=-0.429, p<0.01) and TGF-β1 levels (r=-

0.224, p<0.01). Forced expiratory volume in one 
second (FEV1) (% predicted) in children  with allergic 

airway disease was negatively correlated to the 

frequency of Th17 cells (r=-0.602, p<0.01), plasma IL-

17 levels (r=-0.577, p<0.01), IL-6 levels (r=-0.117, 

p<0.05) and IL-23 levels (r=-0.334, p<0.01) and 

positively correlated to the frequency of Treg cells 

(r=0.504, p<0.01) and TGF-β1 levels(r=0.231, p<0.05). 

 

Table 2. Plasma IL-6, IL-10, IL-17, IL-23 and TGF-β1 levels (mean ±SD, pg/ml) 

Cytokine 
BA 

(n=4) 

AR 

(n=36) 

BA and AR 

(n=30) 

Controls 

(n=40) 

IL-6 78.4±28.3* 82.1±21.5* 85.2±31.7** 24.8±14.3 

IL-10 24.6±16.3 21.3±12.7 22.1±15.9 19.2±8.1 

IL-17 79.5±17.7* 71.3±24.6* 107.3±22.4**† 21.8±6.5 

IL-23 197±42.5* 211.3±39.2* 224.9±78.9** 97.5±28.3 

TGF-β1 367.2±158.8* 401.7±201.7* 221.4±109.3**† 1037.7±243.7 

BA, bronchial asthma; AR, allergic rhinitis; BA and AR, bronchial asthma accompanying AR. FEV1, forced expiratory volume in 1 second. Data are 

expressed as mean ±SD. IL, Interleukin; TGF, transforming growth factor. Data are expressed as mean ±SD. 

*P<0.05,** P <0.01 versus control subjects; †P<0.05 versus BA or AR. 

 

 

 
Figure 2. Expression of ROR-γt and FoxP3 mRNA levels in children with allergic disease and normal subjects were examined 

by real-time PCR. (A) Relative mRNA expression of ROR-γt and FoxP3 in children with allergic disease and normal subjects, 

the relative expression was quantified as 2-ΔCt with respect to the housekeeping gene β-actin. (B) The ratio of ROR-γt/Foxp3 

mRNA in allergic disease and normal subjects. Data shown are the means± SD. * P<0.05, ** P<0.01, *** P<0.001. BA, 

bronchial asthma; AR, allergic rhinitis; BA and AR, bronchial asthma accompanying with AR.  
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DISCUSSION 

 

In the present study, the results showed for the first 

time that the proportion of peripheral Th17 cells in AR 

accompanying with BA was significantly higher than 

those of children with AR or BA alone and the 

controls, accompanied by an increase in the expression 

of ROR-γt mRNA and serum levels of IL-6, IL-17 and 

IL-23. Additionally, the proportion of Treg cells in 

peripheral blood of AR accompanying with BA 

children was significantly lower than that of children 

with AR or BA alone and the controls, accompanied by 

the reduction of serum TGF-β1 level. Furthermore, the 

ratio of Th17/Treg cells in peripheral blood and ROR-

γt/Foxp3 mRNA expression were also significantly 

higher in children with AR accompanying with BA 

than in children with AR or BA alone. These findings 

suggest that Th17/Treg imbalance plays an important 

role in the pathogenesis of AR accompanying with BA. 

Th17 cells are characterized by the production of 

effector cytokine IL-17, and ROR-γt is a key nuclear 

transcription factor of Th17 cells. Previous studies have 

demonstrated that the serum level of IL-17 in AR 

patients was significantly increased when compared 

with controls,
17,18

 and that the proportion of IL-17 

positive cells in peripheral blood and nasal mucosa of 

AR patients was also markedly higher than that in 

healthy subjects.
10,19

 The serum IL-17 level was 

positively related to the severity of symptoms of AR 

and positively associated with the number of peripheral 

eosinophils.
17,20

 The increased Th17 cells and IL-17 

expression have also been found in asthmatic 

patients.
9,13,21

 As a minor fraction of approximately 5–

10% of CD4
+
T cells, CD4

+
CD25

+
Foxp3

+ 
Treg cells 

play a critical role in preventing autoimmunity and 

maintaining self-tolerance. Treg cells exert their 

function partly by the secretion of anti-inflammatory 

cytokines, such as IL-10 and TGF-β1.
22

 In human 

allergic patients, Treg cell numbers decrease in 

peripheral blood and BALF,
23

 and cannot suppress the 

cell proliferation and cytokine production of allergen-

stimulated CD4
+
T cells.

24,25
 A recent study by Zhang et 

al. showed that the proportion of Treg cells and serum 

TGF-β1 levels in AR patients were dramatically 

reduced compared with healthy controls.
10

 In addition, 

several murine studies have demonstrated that the 

induction of Treg cells function reverses airway hyper-

responsiveness and protects against experimentally 

induced asthma.
26,27

 

The balance of Th17 and Treg cells is crucial for 

the maintenance of the immune tolerance.
28

 In the 

present study, the results demonstrated that the 

frequency of peripheral blood Treg cells was negatively 

correlated to the percentage of Th17 cells and IL-17 

level in children with allergic airway disease. In 

addition, the increased Th17 cells and plasma IL-17 

level were positively correlated to total serum IgE 

levels and negatively correlated to FEV1 (% predicted), 

while the decreased Treg cells and plasma TGF-β1 

levels were negatively correlated to IgE levels and 

positively correlated to FEV1 (% predicted). FEV1 (% 

predicted) is an important marker for the evaluation of 

lung function, and total serum IgE levels could also be 

used to assess the hypersensitive and allergic reactions 

in allergic patients. A decline in FEV1 (% predicted) 

and increased IgE levels are associated with worsening 

of allergic inflammation. Therefore, we believe that the 

imbalance in Th17/Treg cells is associated with 

worsening of allergic airway disease. 

In conclusion, the present study demonstrated that a 

Th17/Treg functional imbalance also exists in children 

with AR accompanying with BA, suggesting a potential 

pathogenic role for this imbalance in the development 

of the condition. Further research in the Th17/Treg 

balance may provide a novel strategy for the treatment 

of AR accompanying with BA. 

 

REFERENCES 

 

1. Pawankar R, Canonica GW, Holgate ST, Lockey RF. 

Allergic diseases and asthma: a major global health 

concern. Curr Opin Allergy Clin Immunol 2012; 

12(1):39-41. 

2. Sismanopoulos N, Delivanis DA, Alysandratos KD, 

Angelidou A, Therianou A, Kalogeromitros D, et al. Mast 

cells in allergic and inflammatory diseases. Curr Pharm 

Des 2012; 18(16):2261-77. 

3. Umetsu DT, DeKruyff RH. Th1 and Th2 CD4+ cells in 

the pathogenesis of allergic diseases. Proc Soc Exp Biol 

Med 1997; 215(1):11-20. 

4. Baraldo S, Lokar Oliani K, Turato G, Zuin R, Saetta M. 

The Role of Lymphocytes in the Pathogenesis of Asthma 

and COPD. Curr Med Chem 2007; 14(21):2250-6. 

5. Schmidt-Weber CB. Th17 and treg cells innovate the 

TH1/TH2 concept and allergy research. Chem Immunol 

Allergy 2008; 94:1-7. 

6. Oboki K, Ohno T, Saito H, Nakae S. Th17 and allergy. 

Allergol Int 2008; 57(2):121-34. 



Th17 and Treg cells in Allergic Rhinitis and Bronchial Asthma 

Vol. 14, No. 3, June 2015                                                                                                                               Iran J Allergy Asthma Immunol, Spring 2015 /279 
Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir) 

7. Choi IS. Immune tolerance by induced regulatory T cells 

in asthma. Allergy Asthma Immunol Res 2012; 4(3):113-

5. 

8. Hawrylowicz CM, O'Garra A. Potential role of 

interleukin-10-secreting regulatory T cells in allergy and 

asthma. Nat Rev Immunol 2005; 5(4):271-83. 

9. Albano GD, Di Sano C, Bonanno A, Riccobono L, 

Gagliardo R, Chanez P, et al. Th17 immunity in children 

with allergic asthma and rhinitis: a pharmacological 

approach. PLoS ONE 2013; 8(4):e58892. 

10. Huang X, Chen Y, Zhang F, Yang Q, Zhang G. 

Peripheral Th17/Treg cell-mediated immunity imbalance 

in allergic rhinitis patients. Braz J Otorhinolaryngol 2014; 

80(2):152-5. 

11. Sun HL, Yeh CJ, Ku MS, Lue KH. Coexistence of 

allergic diseases: patterns and frequencies. Allergy 

Asthma Proc 2012; 33(1):e1-4. 

12. Togias A. Rhinitis and asthma: evidence for respiratory 

system integration. J Allergy Clin Immunol 2003; 

111(6):1171-83; quiz 84. 

13. Shi YH, Shi GC, Wan HY, Jiang LH, Ai XY, Zhu HX, et 

al. Coexistence of Th1/Th2 and Th17/Treg imbalances in 

patients with allergic asthma. Chin Med J (Engl) 2011; 

124(13):1951-6. 

14. Wei B, Zhang H, Li L, Li M, Shang Y. T helper 17 cells 

and regulatory T-cell imbalance in paediatric patients 

with asthma. J Int Med Res 2011; 39(4):1293-305. 

15. Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen 

JM, FitzGerald M, et al. Global strategy for asthma 

management and prevention: GINA executive summary. 

Eur Respir J 2008; 31(1):143-78. 

16. Brozek JL, Bousquet J, Baena-Cagnani CE, Bonini S, 

Canonica GW, Casale TB, et al. Allergic Rhinitis and its 

Impact on Asthma (ARIA) guidelines: 2010 revision. J 

Allergy Clin Immunol 2010; 126(3):466-76. 

17. Ciprandi G, Fenoglio D, De Amici M, Quaglini S, 

Negrini S, Filaci G. Serum IL-17 levels in patients with 

allergic rhinitis. J Allergy Clin Immunol 2008; 

122(3):650-1. 

18. Lu HG, Peng H, Chen DH, Li TY, Shi JB. [Relationship 

between allergic symptoms and RORC2 and IL-17 in 

patients with allergic rhinitis]. Zhonghua Er Bi Yan Hou 

Tou Jing Wai Ke Za Zhi 2011; 46(2):144-8. 

19. Ba L, Du J, Liu Y, Shang T, Yang F, Bian P. [The 

expression and significance of interleukin-17 and the 

infiltrating eosinophils in nasal polyps and nasal mucous 

of allergic rhinitis]. Lin Chung Er Bi Yan Hou Tou Jing 

Wai Ke Za Zhi 2010; 24(2):53-6. 

20. Ciprandi G, Filaci G, Battaglia F, Fenoglio D. Peripheral 

Th-17 cells in allergic rhinitis: New evidence. Int 

Immunopharmacol 2010; 10(2):226-9. 

21. Molet S, Hamid Q, Davoine F, Nutku E, Taha R, Page N, 

et al. IL-17 is increased in asthmatic airways and induces 

human bronchial fibroblasts to produce cytokines. J 

Allergy Clin Immunol 2001; 108(3):430-8. 

22. Guzman-Flores JM, Portales-Perez DP. [Mechanisms of 

suppression of regulatory T-cells (Treg)]. Gac Med Mex 

2013; 149(6):630-8. 

23. Hartl D, Koller B, Mehlhorn AT, Reinhardt D, Nicolai T, 

Schendel DJ, et al. Quantitative and functional 

impairment of pulmonary CD4+CD25hi regulatory T 

cells in pediatric asthma. J Allergy Clin Immunol 2007; 

119(5):1258-66. 

24. Ling EM, Smith T, Nguyen XD, Pridgeon C, Dallman M, 

Arbery J, et al. Relation of CD4+CD25+ regulatory T-cell 

suppression of allergen-driven T-cell activation to atopic 

status and expression of allergic disease. Lancet 2004; 

363(9409):608-15. 

25. Strickland DH, Stumbles PA, Zosky GR, Subrata LS, 

Thomas JA, Turner DJ, et al. Reversal of airway 

hyperresponsiveness by induction of airway mucosal 

CD4+CD25+ regulatory T cells. J Exp Med 2006; 

203(12):2649-60. 

26. Lewkowich IP, Herman NS, Schleifer KW, Dance MP, 

Chen BL, Dienger KM, et al. CD4+CD25+ T cells protect 

against experimentally induced asthma and alter 

pulmonary dendritic cell phenotype and function. J Exp 

Med 2005; 202(11):1549-61. 

27. Park BS, Hong GU, Ro JY. Foxp3(+)-Treg cells 

enhanced by repeated low-dose gamma-irradiation 

attenuate ovalbumin-induced allergic asthma in mice. 

Radiat Res 2013; 179(5):570-83. 

28. Nistala K, Wedderburn LR. Th17 and regulatory T cells: 

rebalancing pro- and anti-inflammatory forces in 

autoimmune arthritis. Rheumatology (Oxford) 2009; 

48(6):602-6. 

 

 


