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Summary: This study investigated the expression of interleukin-17 (IL-17) and T cell immunoglobulin 
mucin and domain-containing molecule-3 (Tim-3) in bronchoalveolar lavage fluid (BALF) of asthmatic 
mice and the effect of dexamethasone (DEX) on these factors. Thirty-six mice were randomly divided 
into three groups: normal group, asthmatic group and DEX group. The mouse model of asthma was es-
tablished by sensitization with ovalbumin in both the asthmatic and DEX groups. The levels of IL-6, 
IL-10, IL-17 and TGF-β were measured in BALF by enzyme-linked immunesorbent assay (ELISA). 
The mRNA expression level of Tim-3 was detected by reverse transcription polymerase chain reaction 
(RT-PCR). The ratio of Tim-3+CD4+ cells to total CD4+ cells in BALF was determined by flow cy-
tometry. Differential inflammatory cells in BALF were detected. The correlations among IL-17, IL-6, 
IL-10, Tim-3 and inflammatory cells were analyzed. The results showed that the levels of IL-17, IL-6 
and Tim-3 were substantially increased and the IL-10 level decreased in BALF in the asthmatic mice, 
which was significantly reversed by DEX treatment. IL-17 expression was positively correlated with 
IL-6 and Tim-3 expression and the number of inflammatory cells but negatively with IL-10 expression. 
These results indicate that the increased expression of IL-17 and Tim-3 in BALF may be implicated in 
the occurrence and development of asthmatic inflammation; the mechanism by which DEX suppresses 
asthmatic airway inflammation involves down-regulation of IL-17 and Tim-3 levels. 
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Asthma is a chronic inflammatory disease of the 
airways and many cell types are involved in this disease, 
in particular, T lymphocytes, mast cells and eosinophils. 
CD4+ T cells play critical roles in allergic responses and 
autoimmunity in asthma. During the activation of T cell 
receptors (TCRs) in a particular cytokine milieu, CD4+ T 
cells may differentiate into one of the several lineages of 
T helper type (Th) cells, including Th1, Th2, Th17 and 
iTreg[1]. Th17 cell is a novel type of CD4+ T cell. These 
effector cells were named Th17, because they mainly 
produce cytokine interleukin-17A (IL-17A) (also called 
IL-17) and IL-17F[2, 3]. Current studies indicate that Th17 
cells play a central role in the development of various 
allergic and autoimmune diseases. IL-17 mRNA and/or 
protein increases have been reported in lung tissues, 
sputum, BALF and sera from asthmatics[4–6], and the 
level of IL-17 expression is correlated with the degree of 
severity of airway hypersensitivity[7]. In addition, in an 
asthmatic mouse model, both IL-17A and IL-17F were 
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found to induce neutrophilic airway inflammation[8, 9]. 
IL-17R-deficient mice could exhibit a decrease in eosi-
nophil recruitment, Th2 cytokine production, and IgE 
levels during induction of allergic airway 
inflammation[10]. All these findings indicate that Th17 
cells are critical in the induction of asthmatic airway in-
flammation. 

T-cell immunoglobulin and mucin domain-contai- 
ning molecule (Tim) is a new family, which plays 
emerging roles in allergy and autoimmune diseases[11, 12]. 
It is a 281-amino-acid transmembrane protein preferen-
tially expressed on activated Th1 and Th17 cells[13]. As a 
ligand of Tim-3, Galectin-9 (Gal-9) is predominantly 
expressed on naive CD4+ T effector and CD4+CD25+ 
Treg cells[14, 15]. Several recent reports indicate that 
Tim-3 functions as a potential inhibitor of the Th17 im-
mune response. Tim-3 was first detected on IL-17-expre- 
ssing LN cells in the murine model of contact dermati-
tis[16]. Thereafter, investigators found that the percentage 
of Tim-3+CD4+ cells in the spleen of Gal-9-deficient 
mice was significantly higher than that of wild-type mice 
in the CIA model, which confirmed Gal-9 controls the 
differentiation to Tim-3+Th17 cells in vivo[17]. Moreover, 
Gal-9 treatment resulted in decreased number of 
Tim-3+CD4+ cells and down-regulation of IL-17[17]. 
These findings imply that the interaction of Tim-3 with 
galectin-9 can decrease IL-17 secretion and suppress 
Th17 immunity, by inducing Th17 cell apoptosis and 
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preventing the differentiation of CD4+ T cells to Th17 
cells. 

In the present study, we examined the alteration of 
IL-17 and Tim-3 expression in an asthmatic murine 
model and the effect of dexamethasone (DEX) on these 
factors in an attempt to shed light on the future asthmatic 
therapy.   

 
1 MATERIALS AND METHODS 

 
1.1 Main Reagents 

The main reagents included ovalbulium (OVA, 
Sigma, USA), fetal bovine serum (Gibco, USA), TRI-
ZOL® reagent (Promega, USA), MMLV reverse tran-
scriptase (Promega, USA), phycoerythrin (PE)-conju-
gated anti-Tim-3 antibody, fluorescein isothiocyanate 
(FITC)-conjugated anti-CD4 antibody (eBiosciences, 
USA), and ELISA kit (Dakewe Biotech Company Lim-
ited, China).  
1.2 Animals  

All animal experiments were conducted according 
to the guidelines of Chinese Council on Animal Care. 
Research protocols were reviewed and approved by the 
Institutional Review Board of Wuhan Women and Chil-
dren Health Care Center Committees on Animal Ex-
perimentation. Thirty-six pathogen-free female mice 
(wild-type Balb/C, 6 to 8 weeks of age and weighing 18 
to 22 g) were obtained from the Experimental Animal 
Center of Tongji Medical College (Wuhan, China). Mice 
were housed at room temperature under a 12-h light/dark 
cycle and allowed access to standard chow and water ad 
libitum. 
1.3 Establishment of Murine Asthmatic Models and 
Grouping 

Mice were exposed to OVA as described previ-
ously[18]. Briefly, 36 mice were randomly divided into 
three groups: control group, asthmatic group (OVA), and 
dexamethasone group (DEX) (n=12 each). On day 0 and 
day 7, mice in the OVA group received an intraperito-
neal injection of 0.1 mL 0.1% (wt/vol) OVA and 0.4 % 
(wt/vol) aluminium hydroxide. From day 14 to day 21, 
these mice were inhaled with 1% (wt/vol) OVA for 30 
min in exposure chamber to challenge their airways once 
per day. Positive responses included fidgeting, fast 
breathing, abdominal muscle twitching and incontinence, 
indicating that the asthma model was successfully estab-
lished. Mice in DEX group were intraperitoneally given 
10 mg/kg DEX 0.5 h before each OVA challenge. Mice 
in control group were intraperitoneally administered with 
equal amount of saline, instead of OVA and aluminium 
hydroxide during sensitization and challenge phases.  
1.4 BALF Preparation and Differential Cell Counting 

Twenty-four h after the final OVA challenge, all 
mice were sacrificed to prepare BALF as described pre-
viously[19]. Lungs were lavaged in situ with 1 mL of 
ice-cold phosphate buffer solution (PBS) via the tracheal 
cannula. After three times lavage, approximately 2 mL of 
BALF were recovered and centrifuged at 4°C (1500 
r/min) for 10 min. The supernatants were rapidly col-
lected and frozen for further cytokine measurement by 
ELISA. The pelleted cells were resuspended in 0.5 mL 
PBS. One hundred microliter of the solution was used to 
count total cell number, 200 μL was stained with 
Wright-Giemsa and 200 cells counted for cell classifica-
tion.   

1.5 RNA Extraction and Reverse Transcrip-
tion-polymerase Chain Reaction (RT-PCR) 

Total RNA from mouse BALF cells was extracted 
by TRIZOL® reagent according to the manufacturer’s 
instructions. The first strand cDNA was generated from 1 
mg of total RNA by using MMLV reverse transcriptase. 
RT-PCR primers were as follows: Tim-3 primers, 
5'-GGTGACCCTCCATAATAAC-3' (sense) and 5'-TA- 
ATAAGGCTCAAACTCG-3' (antisense), generating a 
200 bp fragment; β-actin primers, 5'-TGCTGTCCCTG- 
TATGCCTCT-3' (sense) and 5'-GGTCTTTACGGAT- 
GTCAACG-3' (antisense), generating a 460 bp fragment. 
PCR amplifications were performed under the following 
conditions: initial denaturation at 95°C for 5 min, 35 
cycles of denaturation at 94°C for 45 s, annealing at 
53°C for 30 s, and extension at 72°C for 1 m, followed 
by a final extension at 72°C for 10 min. RT-PCR prod-
ucts were analyzed by 2% agarose gel electrophoresis. 
The relative content of Tim-3 mRNA was expressed as 
the ratio of Tim-3/β-actin. 
1.6 Flow Cytometry  

Direct immunofluorescence was performed on 
BALF cells as described previously[20]. Briefly, BALF 
cells were washed three times with ice cold PBS, and 
resuspended in FACS staining buffer (PBS+0.5% BSA) 
containing phycoerythrin (PE)-conjugated anti-Tim-3 
antibody (eBiosciences, USA) and fluorescein isothio-
cyanate (FITC)-conjugated anti-CD4 antibody for 30 
min at 4°C. All samples were analyzed for the level of 
cell surface marker Tim-3 and CD4 by flow cytometry. 
The relative expression level of Tim-3 protein was de-
fined as the ratio of Tim-3+CD4+ double positive cells 
to total CD4+ cells (Tim-3+CD4+/CD4+). Flow cy-
tometric data were collected in a logarithmic mode on 
light scatter-gated live cells using CellQuest software.  
1.7 Cytokines Measurement by ELISA 

Levels of IL-6, IL-10, IL-17 and TGF-β were quan-
tified in BALF supernatants by ELISA according to the 
manufacturer’s protocol.  
1.8 Statistical Analysis  

Statistical analysis was performed using SPSS 13.0 
program (SPSS, USA). All data were expressed as ±s. 
Significant differences between different groups were 
analyzed using one factor ANOVA. Pearson correlation 
was used for correlation analysis. A P value less than 
0.05 was considered to be statistically significant. 

 
2 RESULTS 

 
2.1 Effect of DEX on Airway Inflammation 

Infiltration by inflammatory cells is a characteristic 
of allergic airway inflammation. As expected, a signifi-
cant increase in the recruitment of inflammatory cells to 
the airways was found in OVA-challenged mice com-
pared with control mice (P<0.05). The increased in-
flammatory cells included eosinophils, lymphocytes, and 
neutrophils (fig. 1).  Furthermore, it was noted that the 
total inflammatory cell number, and the number of eosi-
nophils and lymphocytes were significantly reduced in 
DEX group compared with OVA group (P<0.05), 
whereas the number of neutrophils in the DEX group 
was not significantly different from that in the OVA 
group (fig. 1). These results suggested that DEX is able 
to decrease the number of inflammatory cells, especially 
that of eosinophils and lymphocytes in the BALF in the 
airway inflammation. 
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2.2 Effect of DEX on the Levels of IL-6, IL-17 and 
IL-10 in BALF 

It has been shown that glucocorticoids can inhibit 
the production of IL-4, IL-5, and IL-13 from Th2 cells[21]. 
To test the sensitivity of Th17 cells to glucocorticoids 
and the changes of related cytokines, we used ELISA to 
determine the effect of DEX on IL-6, IL-10, IL-17 and 
TGF-β levels in BALF supernatant. The TGF-β level in 
BALF underwent no significant change after OVA chal-
lenge (data not shown). However, the levels of IL-6 and 
IL-17 were 3.9-fold higher in the OVA group than in the 
control group (fig. 2), which were significantly attenu-
ated in BALF supernatant by DEX treatment (P<0.05) 
(fig. 2A–2C). Contrast to IL-6 and IL-17, the level of 
IL-10 was reduced by OVA challenge, and this decrease 
could be partially reversed by DEX treatment (P<0.05). 
These results indicate that inflammatory cytokine re-
sponses are associated with OVA-challenged airway 
inflammation, and DEX can inhibit airway inflammation 
by regulating the expression of IL-6, IL-7 and IL-10. 
2.3 Effect of DEX on Tim-3 Expression in BALF Cells 

Tim-3 is specifically expressed in CD4+ Th1 and 
Th17 cells[22–24]. To understand the role of Tim-3 in 
asthma, we examined the Tim-3 expression on the sur-
face of cells in BALF in OVA-challenged mice. Flow 
cytometric analysis of BALF cells revealed that the pro-

portion of Tim-3+ expressing cells among the CD4+ T 
cell population was increased after OVA challenge. The 
Tim-3+CD4+/CD4+ ratio in BALF cells was signifi-
cantly increased in OVA-challenged mice as compared 
with control mice (P<0.05) (fig. 3A, 3B), and this in-
crease was suppressed by DEX treatment. Moreover, 
RT-PCR revealed that the mRNA expression level of 
Tim-3 was 6.4-fold higher in OVA group than in control 
group (P<0.05) (fig. 3C, 3D). DEX treatment could 
significantly decrease the OVA-induced Tim-3 mRNA 
expression (P<0.05). 

 

Fig.1 Effect of DEX treatment on the number of inflammatory 
cells in BALF 
△P<0.05 vs. control group; *P<0.05 vs. DEX group 

 
Fig. 2 Effect of DEX on the levels of IL-17 (A), IL-10 (B) and IL-6 (C) in BALF supernatant 

△P<0.05 compared to control group, *P<0.05 compared to DEX group 

 
Fig. 3 Effect of DEX on Tim-3 expression in BALF cells 

A: Flow cytometer analysis using PE-conjugated anti-Tim-3 mAb and FITC-conjugated anti-CD4 mAb. Quadrants were de-
termined based on the relative expression levels of Tim-3 and CD4 in relation to background fluorescence of unstained nega-
tive controls; B: The ratio of Tim-3+CD4+/CD4+ in BALF cells in different groups; C: RT-PCR analysis of Tim-3 mRNA in 
BALF cells. Lane 1: Control group; Lane 2: DEX group; Lane 3: OVA group; D: Quantitative analysis (A values) of the 
mRNA expression level of Tim-3. △P<0.05 compared with control group; *P<0.05 compared with DEX group 
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2.4 Relationship between IL-17 Level and Tim-3 Ex-
pression in BALF Cells 

The IL-17 level was positively correlated with 
Tim-3 expression at both mRNA and protein levels 
(r=0.87 and r=0.79, respectively, P<0.05 for both). Fur-
thermore, there was a positive correlation between IL-17 
and IL-6 (r=0.85, P<0.05), and a negative correlation 
between IL-17 and IL-10 (r=–0.91, P<0.05). The IL-17 
level was also found to positively correlate with the 
number of eosinophils, lymphocytes, and neutrophils 
(r=0.79, r=0.81 and r=0.89, respectively, P<0.05 for all).  

 
3 DISCUSSION    
 

The present study demonstrated the up-regulation of 
the cytokines IL-6 and IL-17 in BALF supernatant and 
the increased Tim-3 mRNA and protein expression in 
BALF cells in asthmatic mice. Moreover, IL-17 was 
found to positively correlate with the expression of 
Tim-3 and IL-6, and the number of eosinophils, lym-
phocytes, and neutrophils. Additionally, we found that 
DEX treatment significantly reduced the expression of 
IL-6, IL-17 and Tim-3 in the BALF of asthmatic mice. 
TGF-β expression, however, remained unchanged after 
OVA challenge. 

Asthma is a chronic airway inflammation disease 
characterized by the reversible airflow obstruction, air-
way hyper-responsiveness (AHR) to a wide variety of 
specific or non-specific stimuli, and airway remodel-
ing[25]. CD4+ T cells play a crucial role in controlling 
airway inflammation in asthma. They are the predomi-
nant lymphocyte population that infiltrates the airways 
and are activated in these sites in asthmatics[26]. During 
the past several decades, studies indicated that the 
pathogenesis of asthma was closely associated with a 
disturbed balance between Th1 and Th2 mediated im-
mune responses. Th2 type cells were activated and pro-
duced a different panel of cytokines including IL-4 and 
IL-13, to promote the development of airway inflamma-
tion, whereas the function of Th1-type cells was inhib-
ited[27]. Investigators focused on how to restore the bal-
ance and induce a shift in cytokine responses from a Th2 
to a Th1 dominant pattern to inhibit Th-2-mediated im-
mune responses[28]. However, more and more studies 
have shown that many phenomena can not be explained 
by an imbalance of Th1/Th2 paradigm. For example, 
blockade on Th2 cell and cytokines production in asthma 
can not ameliorate the disease[29]. Recently, a novel 
member of the T helper set, IL-17-producing CD4+ T 
cell (now called Th-17 cells) is described as a distinct 
lineage and involved in the development of autoimmune 
and allergic diseases in both humans and mice. Pappu et 
al[30] elucidated that IL-17 acts as a potent 
pro-inflammatory cytokine and is responsible for the 
release of several chemokines and cytokines, which syn-
ergize with other pro-inflammatory cytokines in enhanc-
ing the inflammatory responses. IL-17 can orchestrate 
local inflammation by inducing the release of TNF-α, 
IL-1b, and IL-6 by human bronchial fibroblasts, epithe-
lial, and airway smooth muscle cells. In addition to 
stimulating airway structural cells, IL-17 can also en-
hance Th-2-cell-mediated eosinophilic airway 
inflammation[6, 31, 32]. In our study, we observed increased 

IL-17 expression in asthmatic mice, which was consis-
tent with previous investigations[4–6]. Furthermore, DEX 
treatment attenuated OVA-induced IL-17 expression 
significantly. These findings indicate an important role 
of IL-17 in the pathogenesis of asthma. 

The Tim gene family plays a central role in regulat-
ing immune responses, including autoimmunity, asthma, 
allergy, and transplant tolerance. Tim-3, as one of the 
critical members of this family, was originally identified 
as a surface molecule expressed on Th-1-polarized 
cells[22]. More recently, investigators found that Tim-3 is 
expressed not only on in vitro Th1-polarized cells, but 
also on Th-17 cells, and act as a negative regulator of T 
cells and regulates Th-1 and Th-17 cytokine secretion[13]. 
Using a murine asthma model, we examined the role of 
Tim-3 in asthmatic airway inflammation. Our investiga-
tion indicated that Tim-3 is an important molecule par-
ticipating in up-modulating asthmatic inflammation, 
which involves Th17 cell-mediated immune response. 
We observed that the expression of Tim-3 mRNA and 
protein was significantly up-regulated in asthmatic mice 
compared with controls, which was consistent with pre-
vious work[33]. Our previous study exhibited the rela-
tionship between Tim-3 and the imbalance of Th1/Th2[33]. 
As a supplement to the previous study, our current data 
showed a positive correlation between IL-17 and Tim-3 
expression. Furthermore, the response of Tim-3 to corti-
costeroids looked similar to that of IL-17, and their ex-
pression levels were significantly decreased by DEX. 
Moreover, we found that the level of IL-10 was de-
creased in asthmatic mice and this down-regulation was 
restored by DEX treatment. IL-10 is a key cytokine se-
creted by regulatory T (Treg) cells. Given these findings, 
we speculate that when mice are challenged by OVA, 
CD4+ T cells are activated and differentiated into Th17 
cells, and Tim-3 expression is increased. Simultaneously, 
the production of Treg cells is suppressed and the level 
of IL-10 is decreased. These changes will promote the 
development of airway inflammation and exacerbate 
asthma. DEX can induce Th17 cells to undergo apoptosis 
and inhibit the airway inflammation by down-regulating 
Tim-3 expression.  

IL-6 is a product of an ongoing innate immune re-
sponse and can be produced by hematopoietic cells, 
epithelial cells, endothelial cells and fibroblasts after 
exposure to specific stimuli[34]. However, recent studies 
suggest that IL-6 plays an important role in determining 
the type of adaptive immune response. Specifically, re-
cent reports suggest that IL-6, together with TGF-β, in-
duces CD4+ T cells to differentiate into Th17[35, 36]. In 
this study, we detected an IL-6 increase in asthmatic 
mice compared with controls, and found that the IL-6 
increase was significantly suppressed by DEX treatment. 
Further study showed that IL-17 was positively corre-
lated with IL-6. Therefore, IL-6 may be a critical regula-
tor and it determines the balance of CD4+ T cells differ-
entiating to Treg /Th17 cells.  

TGF-β is an important mediator involved in the 
process of airway inflammation and remodeling. How-
ever, TGF-β levels in asthma vary among different stud-
ies, and whether its expression correlates with disease 
severity is controversial[37, 38]. In this study, there was no 
significant change in TGF-β expression between asth-
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matic mice and controls, which was consistent with a 
previous study by Minshall[39]. Thus, we speculate that 
TGF-β is produced mainly by activated eosinophils and 
epithelial cells in the airway, and is more closely related 
to airway remodeling which requires protracted exposure 
to allergen. Therefore, no significant change of TGF-β 
would be observed in BALF.  

In summary, mechanisms of the immune function 
disorders in asthma are complicated. The role and the 
exact mechanism of Tim-3 involved in asthmatic airway 
inflammation still remain unclear. Our study demon-
strated that corticosteroids could inhibit airway inflam-
mation by suppressing IL-17 and Tim-3 expression, sug-
gesting that Tim-3 may act as a promising target for im-
muno-regulation therapy. 
 
Conflict of Interest Statement 

The authors declare that there is no conflict of interest 
with any financial organization or corporation or individual that 
can inappropriately influence this work. 
  
Acknowledgment 

We are indebted to Dr. Richard D. Shell, Dr. Hui-yun 
XIANG and the staff of the Division of Pulmonary Medicine, 
Nationwide Children’s Hospital, USA, for their assistance in 
this study. 
 

 
REFERENCES 
1 Zhu J, Yamane H, Paul WE. Differentiation of effector 

CD4 T cell populations. Annu Rev Immunol, 2010,28: 
445-489  

2 Bettelli E, Korn T, Kuchroo VK. Th17: The third member 
of the effector T cell trilogy. Curr Opin Immunol, 
2007,19(6):652-657 

3 Bettelli E, Korn T, Oukka M, et al. Induction and effector 
functions of T (H) 17 cells. Nature, 2008,453:1051-1057 

4 Oboki K, Ohno T, Saito H, et al. Th17 and allergy. Al-
lerqol Int, 2008,57(2):121-134 

5 Sun YC, Zhou QT, Yao WZ. Sputum interleukin-17 is 
increased and associated with airway neutrophilia in pa-
tients with severe asthma. Chin Med J, 2005,118(11): 
953-956 

6 Wang YH, Liu YJ. The IL-17 cytokine family and their 
role in allergic inflammation. Current Opinion Immunol, 
2008,20(6):697-702 

7 Chakir J, Shannon J, Molet S, et al. Airway remodel-
ing-associated mediators in moderate to severe asthma: 
effect of steroids on TGF-beta, IL-11, IL-17, and 
typeⅠand type Ⅲ collagen expression. J Allergy Clin 
Immunol, 2003,111(6):1293-1298 

8 Hellings PW, Kasran A, Liu Z, et al. Interleukin-17 or-
chestrates the granulocyte influx into airways after aller-
gen inhalation in a mouse model of allergic asthma. Am J 
Respir Cell Mol Biol, 2003,28(1):42-50 

9 Oda N, Canelos PB, Essayan DM, et al. Interleukin-17F 
induces pulmonary neutrophilia and amplifies antigen 
induced allergic response. Am J Respir Crit Care Med, 
2005, 171(1):12-18 

10 Nakae S, Komiyama Y, Nambu A, et al. Antigen-specific 
T cell sensitization is impaired in IL-17-deficient mice, 
causing suppression of allergic cellular and humoral re-
sponses. Immunity, 2002,17(3):375-387 

11 Wills-Karp M, Belkaid Y, Karp CL. I-Tim-izing the path-
ways of counter-regulation. Nat Immunol, 2003,4(11): 
1050-1052 

12 Kuchroo VK, Umetsu DT, Dekruyff RH, et al. The TIM 
gene family: emerging roles in immunity and disease. Nat 
Rev Immunol, 2003,3(6):454-462 

13 Hastings WD, Anderson DE, Kassam N, et al. TIM-3 is 
expressed on activated human CD4+ T cells and regulates 
Th1 and Th17 cytokines. Eur J Immunol, 2009,39(9): 
2492-2501  

14 Wang F, Wan L, Zhang C, et al. Tim-3-Galectin-9 path-
way involves the suppression induced by CD4+CD25+ 
regulatory T cells. Immunobiology, 2009,21(5):342-349 

15 Chen Y, Langrish CL, Mckenzie B, et al. Anti-IL-23 
therapy inhibits multiple inflammatory pathways and 
ameliorates autoimmune encephalomyelitis. J Clin Invest, 
2006,116(5):1317-1326 

16 Niwa H, Satoh T, Matsushima Y, et al. Stable form of 
galectin-9, a Tim-3 ligand, inhibits contact hypersensitiv-
ity and psoriatic reactions: a potent therapeutic tool for 
Th1- and/or Th17-mediated skin inflammation. Clin 
Immunol, 2009,132(2):184-194 

17 Seki M, Oomizu S, Sakata KM, et al. Galectin-9 sup-
presses the generation of Th17, promotes the induction of 
regulatory T cells, and regulates experimental autoim-
mune arthritis. Clin Immunol, 2008,127(1):78-88 

18 Stampfli MR, Wiley RE, Neigh GS, et al. GM-CSF trans-
gene expression in the airway allows aerosolized oval-
bumin to induce allergic sensitization in mice. J Clin In-
vest, 1998,102(9):1704-1714 

19 Yokoyama A, Hamazaki T, Ohshita A, et al. Effect of 
aerosolized docosahexaenoic acid in a mouse model of 
atopic asthma. Int Arch Allergy Immunol, 2000,123(4): 
327-332 

20 Chae WJ, Lee HK, Han JH, et al. Qualitatively differen-
tial regulation of T cell activation and apoptosis by T cell 
receptor zeta chain ITAMs and their tyrosine residues. Int 
Immunol, 2004,16(9):1225-1236   

21 Braun CM, Huang SK, Bashian GG, et al. Corticosteroid 
modulation of human, antigen-specific Th1 and Th2 
responses. J Allergy Clin Immunol, 1997,100(3):400-407   

22 Monney L, Sabatos CA, Gaqlia JL, et al. Th1-specific 
cell surface protein Tim-3 regulates macrophage activa-
tion and severity of an autoimmune disease. Nature, 2002, 
415(6871):536-541 

23 Sanchez-Fueyo A, Tian J, Picarella D, et al. Tim-3 inhib-
its T helper type 1-mediated auto- and alloimmune re-
sponses and promotes immunological tolerance. Nat Im-
munol, 2003,4(11):1093-1101 

24 Nakae S, Iwakura Y, Suto H, et al. Phenotypic differences 
between Th1 and Th17 cells and negative regulation of 
Th1 cell differentiation by IL-17. J Leukoc Biol, 2007, 
81(5):1258-1268 

25 Maddox L, Schwartz DA. The pathophysiology of asthma. 
Annu Rev Med, 2002,53:477-498 

26 Walker C, Bode E, Boer L, et al. Allergic and nonallergic 
asthmatics have distinct patterns of T-cell activation and 
cytokine production in peripheral blood and bronchoal-
veolar lavage. Am Rev Respir Dis, 1992,146(1):109-115 

27 Robinson DS, Hamid Q, Ying S, et al. Predominant 
TH2-like bronchoalveolar T-lymphocyte population in 
atopic asthma. N Engl J Med, 1992,326(5):298-304 



J Huazhong Univ Sci Technol［Med Sci］ 33(4):2013 

 

484 

28 McHugh SM, Deighton J, Stewart AG, et al. Bee venom 
immunotherapy induces a shift in cytokine responses 
from a TH-2 to a TH-1 dominant pattern: comparison of 
rush and conventional immunotherapy. Clin Exp Allergy, 
1995,25(9):828-838  

29 Rutkowski R, Moniuszko T, Stasiak-Barmuta A, et al. 
CD80 and CD86 expression on LPS-stimulated mono-
cytes and the effect of CD80 and CD86 blockade on IL-4 
and IFN-gamma production in nonatopic bronchial 
asthma. Arch Immunol Ther Exp, 2003,51(6):421-428 

30 Pappu BP, Anqkasekwinai P, Dong C. Regulatory mecha-
nisms of helper T cell differentiation: New lessons 
learned from interleukin 17 family cytokines. Pharmacol 
Ther, 2008,117(3):374-384 

31 Wakashin H, Hirose K, Maezawa Y, et al. IL-23 and Th17 
cells enhance Th2-Cell–mediated eosinophilic airway 
inflammation in mice. Am J Respir Crit Care Med, 
2008(10):1023-1032  

32 Cheung PF, Wong CK, Lam CW. Molecular mechanisms 
of cytokine and chemokine release from eosinophils ac-
tivated by IL-17A, IL-17F, and IL-23: implication for 
Th17 lymphocytes mediated allergic inflammation. J 
Immunol, 2008,180(8):5625-5635 

33 Hu WK, Lu XX, Yang S, et al. Expression of the 
Th1-specific cell-surface protein Tim-3 increases in a 

murine model of atopic asthma. J Asthma, 2009,46(9): 
872-877 

34 Kamimura D, Ishihara K, Hirano T. IL-6 signal transduc-
tion and its physiological roles: the signal orchestration 
model. Rev Physiol Biochem pharmacol, 2003,149:1-38 

35 Bettelli E, Carrier Y, Gao W, et al. Reciprocal develop-
mental pathways for the generation of pathogenic effector 
TH17 and regulatory T cells. Nature, 2006,441(7090): 
235-238 

36 Manqan PR, Harrington LE, O’Quinn DB, et al. Trans-
forming growth factor-beta induces development of the 
T(H)17 lineage. Nature, 2006,441(7090):231-234 

37 Vignola AM, Chanez P, Chiappara G, et al. Transforming 
growth factor-beta expression in mucosal biopsies in 
asthma and chronic bronchitis. Am J Respir Crit Care 
Med, 1997,156:591-599 

38 Hoshino M, Nakamura Y, Sim JJ. Expression of growth 
factors and remodeling of the airway wall in bronchial 
asthma. Thorax, 1998,53(1):21-27 

39 Minshall EM, Leung DY, Martin RJ, et al. Eosino-
phil-associated TGF-beta1 mRNA expression and air-
ways fibrosis in bronchial asthma. Am J Respir Cell Mol 
Biol, 1997,17(3):326-333 

(Received Sep. 26, 2012; revised Dec. 21, 2012)

 



Copyright of Journal of Huazhong University of Science & Technology, Medical Sciences is
the property of Springer Science & Business Media B.V. and its content may not be copied or
emailed to multiple sites or posted to a listserv without the copyright holder's express written
permission. However, users may print, download, or email articles for individual use.


