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Abstract

Background: Allergic asthma is an inflammatory disease
regulated by the T helper (Th) cells. The Th1/Th2 imbalance
has been well documented in the pathogenesis of allergic
asthma. Recently, Th17 cells have been found to participate
in the development of allergic asthma in animals. However,
whether Th17 immunity contributes to the systemicimmune
responses in allergic asthmatic patients is unclear. Methods:
Peripheral blood mononuclear cells were isolated from al-
lergic asthmatics (n = 29) and healthy controls (n = 12). The
frequencies of Th1, Th2 and Th17 cells were analyzed by flow
cytometry. The related cytokine (IFN-v, IL-4, IL-17, IL-22, IL-23
and IL-25) concentrations in plasma and culture superna-
tants were measured by enzyme-linked immunosorbent as-
say and Luminex. The level of retinoic acid-related orphan
receptor yt (RORvyt), a key transcription factor controlling
Th17 differentiation, was examined by real-time quantitative
polymerase chain reaction. Results: The percentages of Th2
and Th17 cells as well as the concentrations of Th2- and Th17-
related cytokines were higher in allergic asthmatics than
those in healthy controls; some patients were even treated
with inhaled glucocorticoid. The percentages of Th17 cells as
well as the plasma concentrations of I1L.-17 and IL-22 tended
to increase with the severity of the disease, while the IL-25

level was elevated in mild patients. A parallel elevation of IL-
17 and IL-23 concentrations and an increase in RORyt level
were found in allergic asthmatics. Conclusion: Our results
suggest that besides predominant Th2 immunity, abnormal
Th17 immunity may be also involved in the pathogenesis of

aIIergic asthma. Copyright © 2009 S. Karger AG, Basel

Introduction

Allergic asthma is a complex and chronic inflamma-
tory airway disease in which many cells and cellular ele-
ments play a role, such as mast cells, eosinophils, T lym-
phocytes, macrophages, neutrophils and epithelial cells.
The imbalance of T helper cells (Th) 1/Th2 immunity
plays an important role in the pathogenesis of allergic
asthma [1]. Th17, a T cell lineage distinct from Thl and
Th2 cells, has been recognized as a novel pro-inflamma-
tory CD4+ T effector cell [2, 3]. Th17 cells, characterized
by the secretion of IL-17A (also called IL-17), IL-17F, IL-
22 and other cytokines, can induce autoimmunity by
promoting tissue inflammation and mobilizing innate
immunity [4]. Recent studies have suggested that Th17
cells and Th17 cytokines were involved in the pathogen-
esis of allergic asthma. Research on mice showed that IL-
17 could trigger lung inflammation by stimulating innate
immunity and induce neutrophilic airway inflammation
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[5]. IL-22, an IL-10 family cytokine member that was re-
cently discovered to be produced by Th17 cells, is strong-
ly linked to chronic inflammation. Both IL-17 and IL-22
regulate CXC chemokines and granulocyte colony-stim-
ulating factor production in the lung [6, 7]. IL-25, initial-
ly described as a Th2-derived cytokine, is now recog-
nized as another IL-17 family member. In mice, systemic
overexpression or administration of IL-25 into the lung
led to a Th2 immune response in local tissue and a lung
with pathological changes which were similar to those in
allergic asthmatics [8, 9]. These data suggested that IL-25
was capable of amplifying allergic inflammatory re-
sponses.

At present, all related reports implicated that Th17 im-
munity might play a critical role in the pathogenesis of
allergic asthma, although these studies just focused on
abnormal Th17 immunity inlocal sites or in animal mod-
els, a detailed assessment of Th17 immunity in the sys-
temic allergic reaction and immune responses in allergic
asthmatic patients has not been fully reported. In the
present study, we investigated the frequencies of Th1, Th2
and Th17 cells and the concentrations of their related cy-
tokines (IFN-v, IL-4, IL-17, IL-22, IL-23 and IL-25) in
peripheral blood from allergic asthmatics and healthy
controls. Then we analyzed whether the number of Th17
cells and the concentrations of Thl17-related cytokines
(IL-17, IL-22 and IL-25) were related with the severity of
allergic asthma. Furthermore, the expression of tran-
scription factor retinoic acid-related orphan receptor yt
(RORyt) was also assayed. Our results demonstrated an
abnormal systemic Th17 immunity in allergic asthmat-
ics, which may participate in the pathogenesis of allergic
asthma.

Subjects and Methods

Subjects

Twenty-nine patients with allergic asthma (17 women, 12 men)
were enrolled, selected from outpatients and inpatients of the
Renmin Hospital and the Zhongnan Hospital of Wuhan Univer-
sity. Pulmonary functions were assessed by spirometry according
to American Thoracic Society standards [10]. Asthma severity
was evaluated on the basis of the Global Initiative for Asthma cri-
teria [11]. And asthma subjects were subdivided into 3 groups:
mild (mild intermittent, n = 6; mild persistent, n = 7), moderate
(n=7) and severe (n = 9) asthmatics. All patients were permitted
to be treated with inhaled glucocorticoid but not systemic steroids
during 4 weeks prior to the study. Among the asthmatics, 10 pa-
tients were treated with inhaled glucocorticoid: 500 p.g/day fluti-
casone or equivalent (mild = 3, moderate = 3, severe = 4). All pa-
tients had a positive skin prick test, defined as a >5-mm diameter
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skin wheal response to atleast 1 of the 10 common allergens (Der-
matophagoides pteronyssinus, D. farinae, mixed grass pollen,
mixed tree pollen, dog hair, feather, cat fur, fluffed cotton, cock-
roach and Alternaria). Twelve sex- and age-matched healthy vol-
unteers (7 women, 5 men) were recruited as healthy controls who
had normal spirometry tests. Both groups were chosen on the ba-
sis of: (1) being nonsmokers; (2) having no other allergic symp-
toms, no history of upper or lower airway diseases 2 months be-
fore the study, and no chronic heart and pulmonary diseases; (3)
having not received immunotherapy in the previous 5 years, hav-
ing not received oral or intravenous steroids in the previous 4
weeks, but allowing to receive inhaled steroids, having not re-
ceived theophylline, long-acting 32-agonists, leukotriene antago-
nists or antihistamines in the previous 2 months before the study.
For all subject characteristics see table 1. All subjects were fully
informed about the purpose and nature of the studies, which were
approved by the medical ethics committee of Renmin Hospital
and Zhongnan Hospital.

Cell Separation

Twelve milliliters of peripheral blood was obtained from al-
lergic asthmatics and healthy controls. Blood was heparinized
and 1:2 diluted with phosphate-buffered saline (PBS), then lay-
ered on Lymphoprep (d = 1.077 mg/ml; Nycomed) and centri-
fuged at 2,000 rpm for 20 min at room temperature. Peripheral
blood mononuclear cells (PBMCs) were collected and washed
twice with PBS. Plasma samples were collected and preserved at
-20°C for the measurement of cytokines by ELISA.

Cell Culture

PBMCs were re-suspended in RPMI 1640 medium (Sigma)
containing L-glutamine, HEPES buffer and 10% fetal calf serum
(R10) to a concentration of 1 X 10° cells/ml. Cells were activated
with 50 ng/ml phorbol-12-myristate-13-acetate (PMA; Sigma)
and 250 ng/ml ionomycin (Sigma) for 4 h at 37°C in a 5% CO,
atmosphere, then stimulated for additional 2h in the presence of
1 wg/ml Brefeldin A (Fluca). Cells were harvested for intracellular
staining and real-time quantitative PCR (RT-PCR) analysis. The
culture supernatants before and after treatment were collected
and preserved at —20°C for ELISA.

Surface Antigen and Intracellular Cytokine Staining

Cytokine-producing cells were sorted by surface antigen
and intracellular cytokine staining using flow cytometry.
CD3+CD8- cells, but not CD3+CD4+ cells, were defined as Th
cells, due to the downregulation of surface CD4 molecules after
stimulation with PM A and ionomycin. Cells were incubated with
PE-cy5-labeled anti-human CD3 and FITC-labeled anti-human
CD8 (eBioscience) for 30 min at 4°C in the dark. After washing,
cells were fixed with Fixation Solution (eBioscience) and incu-
bated for 20 min at room temperature in the dark. After permea-
bilization, cells were incubated with PE-labeled anti-human cy-
tokine antibodies (IFN-v, IL-4 and IL-17; eBioscience) for 20 min
at room temperature in the dark. FITC-conjugated mouse IgG
and PE-conjugated rat IgG2a (eBioscience) were used as controls.
Cells were resuspended in PBS and analyzed on flow cytometer
(Epics Altra; Beckman). Flow-cytometric analysis was performed
with scatter gates on the lymphocyte fraction. Results are ex-
pressed as a percentage of positive cells.
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Table 1. Characteristics of the subjects

Healthy controls  Allergic asthmatics (n=29)

@=12) mild (n=13) moderate (n = 7) severe (n =9)
Age, years 33.75+7.84 36.43+£8.83 46.10+10.5 4225+11.2
Sex, male/female 5/7 6/7 3/4 3/6
Inhaled glucocorticoid 0 3 3 4
FEV, pred. % 104.92 £5.19 88.14 +6.08" 71.00 £ 6.19* 47.33 £8.80°

Data are expressed as means = SD. FEV, pred. % = Predicted percentage of forced expiratory volume in
the first second. * p < 0.05 versus healthy controls; * p < 0.05 versus mild asthma; ° p < 0.05 versus all other

groups.

Detection of Cytokines

The levels of IL-23 and IL-25 in plasma and cytokines in cul-
ture supernatants were measured by ELISA following the manu-
facturer’s instructions (IFN-vy, IL-4, IL-17 and IL-23 ELISA Kits;
R&D Systems; IL-25 ELISA kits; ADL). And the levels of IFN-,
IL-4, IL-17 and IL-22 in plasma were detected by Luminex multi-
analyte technology (Surexam Assay Kit). The minimal detectable
concentrations were 8 pg/ml for IFN-y and IL-23, 3.2 pg/ml for
IL-4 and IL-17, and 1.0 pg/ml for IL-25. Intra- and interassay co-
efficients of variation for all ELISA were <5% and <10%, respec-
tively. All samples were measured in duplicate. Undetectable val-
ues were assigned an arbitrary value of half the sensitivity limit.

RT-PCR

Total RNA was extracted from PBMCs with TRIzol (Invitro-
gen), then the cDNAs were synthesized using a Revertaid first-
strand cDNA synthesis kit (Toyobo), following the instructions
provided by the manufacturer. PCR amplifications reactions were
conducted with a SYBR Green Supermix (TaKaRa) in a 20 .l re-
action volume containing 200 nM primers and 5 ng cDNA. Ther-
mal cycling was initiated with a 2-min denaturation at 95°C, fol-
lowed by 34 cycles of 95°C for 30 s, 54°C for 30 s and 72°C for
30 s. All measurements were performed in duplicate. The level
of RORyt mRNA expression was assessed relative to GAPDH
housekeeping gene expression.

The following primer pairs were used: RORyt: 5-ACCT-
CACCGAGGCCATTCAG-3'(F),5-TAGGCCCGGCACATCCT-
AAC-3" (R); GAPDH: 5-GGTGTGAACCATGAGAAGTATG-
ACA-3' (F), 5'-GTCCTTCCACGATACCAAAGTTGT-3' (R).

Statistics

All data are presented as means * standard deviation (SD).
Differences of clinical characters were analyzed by one-way anal-
ysis of variance. Differences between allergic asthmatics and
healthy control were assessed by the Mann-Whitney U test. For
comparison of paired data within groups, the Friedman test was
used. Correlations were analyzed by Spearman nonparametric
test. The difference was considered to be significant at p < 0.05.
All analyses were performed using the Statistical Package for the
Social Sciences statistical software for Windows, version 11.5
(SPSS Inc.).

Th17 Immunity in Allergic Asthma

Results

Characteristics of the Subjects

Twelve healthy individuals and twenty-nine allergic
asthmatics were enrolled in this study, characteristics of
the participants are shown in table 1. The predicted per-
centage FEV| was significantly lower in allergic asthmat-
ics than in healthy controls (p < 0.05), and the predicted
percentage FEV, of asthmatics declined significantly
with the severity of the disease (p < 0.05).

Frequencies of Thl, Th2 and Th17 Cells in PBMCs

Isolated PBMCs from allergic asthmatic patients and
healthy controls were stimulated with PMA and ionomy-
cin. The expression of surface antigens and intracellular
cytokines was measured by flow cytometry. Representa-
tive cytometric profiles of cytokine-positive Th cells from
allergic asthmatics and healthy controls are shown in
figure la. Percentages of IL-4- and IL-17-positive CD3+
CD8- T cells in PBMCs was higher in allergic asthmatics
compared with those in healthy controls (p < 0.01 and
p < 0.05, respectively). In contrast, the percentage of
IFN-vy-positive CD3+CD8- T cells was lower in asthmat-
ics than in healthy controls (p < 0.01; fig. 1b). The per-
centage of Th17 cells tended to increase with the severity
of allergic asthma (p < 0.05; fig. 1c).

Thil-, Th2- and Thi7-Related Cytokine Production in

Plasma and Activated PBMCs from Allergic Asthmatics

The concentrations of IFN-vy, IL-4, IL-17, IL-23 and
IL-25 in plasma and culture supernatants from activated
PBMC:s in vitro were measured by ELISA and Luminex.
Thelevels of IL-17 in plasma were either detected ata very
low level or were below the detection limit in healthy con-
trols, so we assigned an arbitrary value of half the sensi-
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Fig. 1. The respective frequencies of IFN-y (Th1)-, IL-4 (Th2)-
and IL-17 (Th17)-expressing cells in PBMCs from allergic asthma
and healthy control subjects. PBMCs were stimulated with PMA
and ionomycin for 6 h, and then stained with CD3, CD8 and the
indicated intracellular cytokines. a Representative flow-cytomet-
ric profiles of the IFN-+y-, IL-4- and IL-17-producing CD3+CD8-
T cells from an allergic asthma patient and a healthy control. Per-
centages of the indicated cells are shown in the quadrants areas.
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b Percentages of CD3+CD8- T cells with positive intracellular
staining for IFN-v, IL-4 and IL-17 in PBMCs from allergic asth-
matics and healthy controls. ¢ The percentage of Th17 cells was
associated with severity of allergic asthma. Columns represent
mean values * SD. FSC = Forward scatter. * p < 0.05 versus
healthy controls; * p < 0.05 versus mild asthma; ° p < 0.05 versus
all other groups.
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Fig. 2. a-f The concentrations of IFN-v, IL-4, IL-17, IL-22, IL-23 and IL-25 in plasma from allergic asthma and

healthy controls. g The ratio of IFN-vy/IL-4 concentration in plasma. Columns represent mean values = SD.
* p <0.05 versus healthy controls.

Table 2. Concentrations of IFN-v, IL-4, IL-17, IL-23 and IL-25 in culture supernatants of activated PBMCs from

allergic asthmatics and healthy controls

Group Cytokines produced, pg/ml

IFN-vy IL-4 IL-17 IL-23 IL-25 IFN-v/IL-4
Controls 95.81+26.79 9248+ 13.75 66.76 1790 2298%9.71 293.89£70.03 1.94*x1.04
Asthmatics 83.13+26.0 123.15+31.7% 91.52%+26.75*% 40.01*16.21* 314.02%63.42 0.82+0.68*

Data are expressed as means = SD. * p < 0.05, compared with healthy controls.

tivity limit, 1.6 pg/ml, as levels in controls. Increased IL-
4, 1L-17, IL-22 and IL-23 concentrations in plasma were
observed in allergic asthma patients compared with
healthy controls (p < 0.05; fig. 2b—e). Similarly, produc-
tions of these cytokines in culture supernatants of acti-
vated PBMCs were higher in asthmatics than in healthy
controls (table 2). There were no differences in the ex-
pression of IFN-vy and IL-25 between the 2 groups (p >
0.05; fig. 2a and f). However, the ratio of IFN-y/IL-4 in
plasma as well as in supernatants of activated PBMCs was
lower in allergic asthmatics than in healthy controls (p <
0.05; fig. 2g; table 2).

Th17 Immunity in Allergic Asthma

Plasma Concentrations of Th17-Related Cytokines

Tended to Enhance with the Severity of the Disease

We then analyzed the concentrations of Th17-related
cytokines (IL-17,IL-22 and IL-25) in both plasma and ac-
tivated PBMCs from allergic asthmatics with different se-
verity. The results revealed that the concentration of IL-
17 and IL-22 in plasma was consistently increased with
the severity of asthma (p < 0.05; fig. 3). Although there
was no difference in concentration of IL-25 in plasma be-
tween asthma patients and healthy controls, after sepa-
rating patients according to severity, there was a signifi-
cant increase in the amount of IL-25 in mild patients
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Fig. 3. IL-17, IL-22 and IL-25 concentrations in plasma from allergic asthma patients with different severity.
* p <0.05 versus healthy controls; * p < 0.05 versus mild asthma; ° p < 0.05 versus all other groups.

compared with that in healthy controls as well as with
that in moderate and severe patients (p < 0.05). Both IL-
17 and IL-25 productions did not significantly differ in
activated PBMCs from different severity subgroups (data
not shown).

Correlations between Th17 Cytokine Concentrations

and Thl or Th2 Cytokine Productions in Allergic

Asthmatics

To figure out the possible interactions between Th17
cytokines and Thl or Th2 cytokines which were altered
in allergic asthmatics, we further studied whether the
concentrations of IL-17, IL-22 or IL-25 were correlated
with those of other cytokines by Spearman nonparamet-
ric test. As shown in figure 4, IL-17 concentrations were
positively correlated with IL-23 concentration both in
plasma and in activated PBMCs (r = 0.526, p = 0.003 and
r = 0.428, p = 0.021, respectively). We found no correla-
tion between IL-17 concentration and other cytokine
productions. The level of IL-22 or IL-25 was not corre-
lated with that of other cytokines (data not shown).

Expression of RORyt mRNA in PBMCs

RORyt is the key transcription factor controlling the
differentiation of Th17 cells. Enhanced numbers of Th17
cells and productions of IL-17 in allergic asthmatics may
be due to the increased expression of RORyt. The level of
this transcription factor in activated PBMCs was ana-
lyzed by RT-PCR. As shown in figure 5, the level of
RORyt mRNA was significantly increased in activated
PBMC:s in allergic asthmatics compared to healthy con-
trols (p < 0.05).
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Discussion

In this study, we demonstrated an increase in circulat-
ing Th17 cells and more production of Th17-related cy-
tokines in plasma and activated PBMCs in allergic asth-
matics than in healthy controls, suggesting that Th17 im-
munity was possibly involved in the systemic immune
responses of allergic asthma. Th17 is a novel CD4+ effec-
tor T cell lineage characterized by the production of some
distinct cytokines, especially IL-17 and IL-22. Previous
studies in mice have showed that Th17 functions locally,
as well as systemically, in promoting allergic asthma [12,
13]. The major effects of Th17 immunity in asthma are
mediated by Th17 cytokines such as IL-17 and IL-22. IL-
17 acts on airway epithelial cells, lung fibroblasts and oth-
er types of inflammatory cells to trigger the production
of pro-inflammatory cytokines, chemokines and matrix
metalloproteinases, promotes the recruitments of neu-
trophil and macrophage, and leads to tissue inflamma-
tion. Several studies reported that IL-17 was enhanced
locally in bronchial biopsies, bronchoalveolar lavage flu-
id and sputum samples from asthmatic patients com-
pared with those from controls [14, 15]. As a supplement
to these studies, our results demonstrated a systemic en-
hancement of IL-17 in plasma and activated PBMCs in
allergic asthmatics. The concentration of IL-17 in plasma
reflects the original condition in vivo of subjects, where-
as the secretion of IL-17 in vitro from activated PBMCs
represents potential IL-17-producing cells such as CD4+
T cells (an important source of IL-17), CD8+ T cells, nat-
ural killer cells and so on [16, 17]. Expression of IL-22 is
also found in activated T cells, especially in CD4+ T cells,
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and in activated natural Killer cells at lower levels [18]. IL-
22 is also described as a pro-inflammatory cytokine, and
IL-22 was upregulated in autoimmune diseases, such as
psoriasis, rheumatoid arthritis and inflammatory bowel
disease [19-21]. Consistently, our study provided evi-
dence that the concentrations of both IL-17 and IL-22
were higher in plasma from allergic asthmatics compared
with those from healthy controls, supporting a role of
Th17 immunity in system inflammation in allergic asth-
ma. The upregulation of IL-17 in plasma in allergic asth-
matics can be partially attributed to the increased fre-
quency of circulating Th17 cells, which are the major
source of IL-17 in vivo. The mechanisms of the enhanced
Th17 immunity in allergic asthma are still unknown.

IL-23 plays a critical regulatory role in the differentia-
tion and function of Th17 cells, that is, it enhances IL-17
productions and promotes Th17 cell-mediated inflam-
matory responses [22]. A study in mice has suggested that
IL-23 produced by activated antigen-presenting cells,
such as dendrite cells and macrophages, could stimulate
IL-23-responsive CD4+ T cells to produce IL-17, which
then recruited inflammatory cells into the lung [23]. In
accordance with these studies, we observed a parallel el-
evation of plasma IL-17 and IL-23 concentrations in al-
lergic asthmatics, suggesting that IL-23 and IL-17 may
have a functional immunological association in the de-
velopment of allergic asthma. Thus, IL-23 may function
as an important regulatory cytokine which is involved in
the Th17-induced system inflammation of allergic asth-
ma.

In addition to IL-23, the differentiation and function
of Th17 cells are also regulated by RORyt, an essential
transcription factor involved in the generation of human
Th17 [24]. Both the maintenance of cytokine production
in Th17 cells in vitro and Th17 cell-mediated inflamma-
tory diseases in vivo require the induction of RORvyt [23,
24]. Here we found that allergic asthmatics had a higher
expression of RORyt at mRNA level compared with
healthy controls, which suggested that higher levels of
Th17 cells existed in allergic asthma at least at the tran-
scriptional level. The mechanisms that initiate the aber-
rant transcription of RORvyt in asthmatics are still un-
known.

Furthermore, we evaluated the differences of the ex-
pression of Thl7 cytokines among allergic asthmatics
with different severity. We found that the percentages of
Th17 cells as well as the plasma concentrations of IL-17
and IL-22 were remarkably higher in severe allergic asth-
matics than in mild and moderate patients, suggesting
that the Th17 cells and the expression of IL-17 and IL-22

Th17 Immunity in Allergic Asthma

seemed to increase with the severity of allergic asthma.
IL-17 can stimulate the release of neutrophil-mobilizing
cytokines, which then induce airway neutrophilic in-
flammation, predominantly in acute, severe exacerba-
tions of asthma or severe asthmatics [25]. Similar to our
finding, a study showed that patients with severe asthma
had increased neutrophils and eosinophils in sputum
compared to moderate and mild asthmatics [26]. Based
on these evidences, we postulate that the increased levels
of Th17 cells and cytokines in severe allergic asthmatics
may be associated with neutrophilic inflammation, and
the plasma concentration of IL-17 or IL-22 might be an
indicator for the severity of asthma. These results also
suggest that Th17 immunity participates in the develop-
ment of allergic asthma as an enhancer.

An unexpected finding in this study is that high levels
of IL-4 and IL-17 in plasma were also found in allergic
asthmatics, even though these patients were treated with
inhaled glucocorticoid. This is inconsistent with a study
which demonstrated that oral glucocorticoid treatment
reduced the level of IL-17 in bronchial biopsy specimens
[27]. This discrepancy may be due to the local effect of
inhaled glucocorticoid which does not suppress the sys-
temic Th2 and Th17 immunity. However, steroid resis-
tance in these patients may be another important expla-
nation. It has been reported that atopic asthma can be
divided into steroid-responsive eosinophilic asthma and
steroid-resistant noneosinophilic asthma. The latter is
mostly severe, predominantly mediated by non-Th2 im-
munity and neutrophilic inflammation [28, 29]. More-
over, IL-17 has been considered to induce and mediate
neutrophilic inflammation [30]. Taken together, these
data suggested that inhaled glucocorticoid treatment
could not suppress IL-17-driven airway neutrophilic in-
flammation in these patients. Additionally, this is con-
firmed by a study in mice which showed that dexameth-
asone treatment could not attenuate the neutrophil in-
flux to the airway in Thl7 cell-transferred mice after
allergen challenge [31]. Therefore, Th17 immunity may
provide us with a new insight into the classification of the
non-Th2 immunity type of asthma.

We also observed that IL-25, another IL-17 family
member, was increased in allergic asthmatics compared
with that in healthy controls. Being members of the same
cytokine family, IL-25 has a different function in the
pathogenesis of allergic asthma. IL-25 was initially found
to be secreted by activated eosinophils and basophils in
humans [32]. Interestingly, these cells obtained from al-
lergic patients produce more IL-25 than those from
healthy controls after activation. It has been shown that
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IL-25 could induce and amplify Th2-allergic inflamma-
tion by inducing the production of IL-4, IL-5, IL-13, IgE
and eotaxin, promoting mucus secretion and airway hy-
perreactivity [32]. In our study, we found that the level of
IL-25 was higher in mild allergic asthmatics than in oth-
er groups. This could be explained by the predominant
Th2 and eosinophil-dominant inflammation in mild
asthmatics. Therefore, IL-25 may be involved in the de-
velopment of allergic asthma probably associated with
eosinophil and Th2 response. The distinct expression
patterns and biological activities of IL-17 and IL-25 im-
plicate that they may play different roles involved in Th17
immunity in the pathogenesis of allergic asthma. And the
possible mechanism may be that IL-17 acts on the innate
effectors during the onset of allergic inflammation. Then,
IL-25, produced by innate effectors, may maintain the
capacity of IL-25R-expressing allergen-specific Th2 cells
and amplify the Th2 immunity. Consequently, a positive
feedback loop between innate and adaptive immunity
and critical regulation of adaptive immunity lead to the
development of allergic inflammation. Further experi-
ments are needed to assess the concentrations of the 2
cytokines as well as the numbers of neutrophils and eo-
sinophils in blood, bronchoalveolar lavage fluid and tis-
sue, to give more information about their functions.
Finally, we also found that the proportions of Th2 cells
increased and Thl cells decreased in allergic asthmatics
compared with those in healthy controls. There was no
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