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Abstract: Objective: This study aimed to investigate the expression of transcription factor T-bet and transforming 
growth factor beta 1 (TGF-β1) in allergic rhinitis (AR) children with obstructive sleep apnea hypopnea syndrome 
(OSAHS) as well as their roles in pathological of allergic rhinitis. Methods: 140 children with OSAHS were recruited. 
Patients were divided into AR group and non-AR group. Results: T-bet expression in AR group was significantly lower 
than in non-AR group (P < 0.05). T-bet expression was related to the severity of adenoid hypertrophy, while it in III 
and IV degree was significantly lower than in I and II degree (P < 0.05). TGF-β1 in AR group was markedly higher than 
in non-AR group (P < 0.01). The serum TGF-β1 in AR group was significantly higher than in NAR group before surgery, 
but it was comparable between two groups at 3 months after surgery (P > 0.05). Moreover, serum TGF-β1 reduced 
dramatically after surgery in in AR group and there was correlation between TGF-β1 expression in peripheral blood 
and adenoid tissues (P < 0.05). There was negative correlation between T-bet expression and TGF-β1 expression in 
adenoid tissues (P < 0.01). Conclusion: The T-bet expression in adenoid tissues and TGF-β1 expression in adenoid 
tissues and blood are significant different between OSAHS children with and without AR. Significant correlation is 
observed between T-bet expression and TGF-β1 expression in adenoid tissues, indicating potential roles of T-bet and 
TGF-β1 in the pathogenesis of AR in OSAHS children. 
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Introduction

The obstructive sleep apnea hypopnea syn-
drome (OSAHS) is a common respiratory dis-
ease in children and caused by partial or com-
plete collapse on the upper airway during sleep 
[1], resulting in intermittent hypoxemia and 
hypercapnia, frequent awaking and sleep pat-
tern breaks [2-7], with a dramatic impact on the 
systemic health and development [8-10]. It has 
been reported that the incidence of OSAHS in 
children is approximately 2% depending on the 
diagnostic criteria [5, 7]. If left untreated, 
OSAHS may cause behavioral and nervous sys-
tem-related damages [9, 11, 12], or even a 
series of complications including learning dis-
abilities, hyperactivity, cognitive decline, Cor 
pulmonale and delayed growth and develop-
ment [5, 11, 13, 14]. Currently, there are no 

ideal treatments available, and OSAHS children 
are commonly managed by tonsillectomy and 
adenoidectomy (T&A), which, however, have not 
been demonstrated to fully abolish apnea in all 
patients, and/or ventilation with positive airway 
pressure, which has a very poor compliance 
and is not appropriate for all children [8, 15, 
16].

OSHAS is always complicated by other diseases 
such as the otitis media with effusion and aller-
gic rhinitis (AR) [17-19]. Of them, AR, a common 
disease in children, is an important cause of 
nasal obstruction and often associated with 
adenoidal hypertrophy in children [5, 14, 19, 
20]. It has also been recognized as a risk factor 
for pediatric OSHAS in various epidemiologic 
studies [14, 21]. Therefore, AR treatment is 
usually an integral part in the management of 
OSHAS children with AR. 
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Anderson et al found that CD4+ T cells are 
increased locally in the tonsils, whereas CD8+ 
T cells reduced. T cell population imbalances, 
such as Th1/Th2 imbalance, have been 
observed in OSHAS patients [22, 23]. AR is a 
nasal allergic response to environmental aller-
gens characterized by increased production of 
antigen-specific immunoglobulin E (IgE) in the 
nasal mucosa, T helper (Th) 2 cells-skewed, 
and eosinophil infiltration [24-28]. Studies have 
revealed that the differentiation imbalance of 
two T-helper cell (Th) subsets, Th1/Th2, also 
plays an important role in the pathogenesis of 
AR, as a shift is observed in the Th1/Th2 cyto-
kine balance towards increased Th2 activity 
and allergic symptoms can be alleviated by 
maintenance of immune balance [22, 29, 30].

Naive T cells may differentiate toward different 
T-cell subtypes depending on the expression of 
certain transcription factors [31]. T-box express 
in T cells (T-bet), a member of the T-box family 
of transcription factors, is expressed in multi-
ple immune cells, such as CD4+ cells, CD8+ T 
cells, B cells, regulatory T (Treg) cells, natural 
killer (NK) cells and NK T cells, and it may regu-
late the development and/or effector functions 
of above immune cells [32-34]. It was initially 
identified as master regulator of Th1 differenti-
ation [33-35], playing an important roles in the 
differentiation of Th0 cells into Thl and Th2 
cells [29, 36-39] and thus the regulation of 
Th1/Th2 cytokine balance. 

Several cytokines have been identified to be 
involved in the differentiation of Th1/Th2 cells 
[33]. Among these cytokines, transforming 
growth factor β1 (TGF-β1), which is recently 
identified as a key anti-inflammatory cytokine 
[22], may down-regulate IgE synthesis, increase 
circulating TGF-β1-producing T cells [40-43], 
negatively regulate Th1 cell development and 
plays an important role in the immune toler-
ance because Treg cells have the ability to 
directly inhibit activation of allergen-specific 
TH2 cells and suppress allergic inflammation in 
a TGF-β1 dependent manner [44]. 

This study was undertaken to detect the expres-
sion of T-bet and TGF-β1 in the adenoid tissues, 
the serum TGF-β1 before and 3 months after 
surgery and the relationship among T-bet, TGF-
β1 and severity of disease in OSAHS children 
with AR, which will provide new targets for the 
therapy of AR in OSAHS children.

Materials and methods

Subjects

From December 2013 to July 2014, a total  
of 140 OSAHS children (71 males and 69 
females) weighing 6.5 ± 1.2 years (range: 4-11 
years) were recruited from the Department  
of Otorhinolaryngology Head and Neck Surgery, 
Affiliated Children’s Hospital of Shanghai 
Jiaotong University. According to the Clinical 
Practice Guideline for the Diagnosis and 
Management of Childhood Obstructive Sleep 
Apnea Syndrome (draft) developed by the 
Chinese Association of Otorhinolaryngology 
Head and Neck and Otolaryngology in Urumqi 
in 2007, all the children underwent overnight 
polysomnography and were proven to have 
OSAHS according to the diagnostic criteria in 
above guideline. The medical history was 
reviewed, fiber nasopharyngoscopy was per-
formed to assess the adenoid size, and skin 
prick tests were performed to identify allergens 
prior to endoscopic adenotonsillectomy. This 
study was approved by the Institutional Ethics 
Committee of Affiliated Children’s Hospital of 
Shanghai Jiaotong University. The parents or 
guardians of all participants signed the 
informed consent before study.

Inclusion criteria

OSAHS was diagnosed according to following 
criteria: 1) Patients had clinical signs and symp-
toms: restless sleep, including snoring, mouth 
breathing, apnea, night crying, night terrors, 
enuresis, sweating, hyperactivity, daytime 
sleepiness, craniofacial abnormalities or ade-
noid face leading by long-term mouth breath-
ing, and even cognitive deficits, memory dete-
rioration, abnormal behavior and growth retar-
dation; 2) Polysomnography was used for noc-
turnal sleep monitoring, and OSAHS was diag-
nosed if obstructive apnea index (OAI) > 1 
time/h and/or apnea hypopnea index (AHI) > 5 
times/h, with the lowest oxygen saturation 
(LAaO2) < 92% were present; 3) Children with 
chronic respiratory/cardiac conditions, central 
sleep apnea/hypopnea syndrome (CSAHS), 
narcolepsy or other diseases were excluded. 

Grouping

According to whether there was concomitant 
AR, OSAHS children were divided into AR group 
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(n=77; 35 males and 42 females; mean age: 
5.8 ± 1.6 years [range: 3-10 years]) and non-AR 
group (n=63; 27 males and 36 females; mean 
age of 6.3 ± 1.1 years [range: 4-11 years). 

Surgical methods

140 OSAHS children underwent surgery after 
tracheal intubation and intravenous anesthe-
sia, and SERFAS Energy Probes (ArthroCare 
Corp, US) was used to remove the tonsil. 
ReFlex70 knife was used to remove the internal 
portion of the tonsil capsules under a nasal 
endoscope and the remaining part was han-
dled by ablation. Postoperatively, the patients 
received anti-histamines and antibiotics treat-
ment and intranasal administration of angio-
tonics and hormone.

Immunohistochemistry 

Adenoid tissues were collected, fixed in 10% 
paraformaldehyde and cut into 4-μm sections 
which were then treated in xylene for 10 min 
twice and rehydrated in graded alcohols. 
Antigen retrieval was performed in citrate buf-
fer (PH=6.0) for 12 min and then the sections 
were allowed to cool to room temperature. 
Endogenous peroxidase was inactivated with 
3% hydrogen peroxide for 30 min at room tem-
perature. After washing in PBS thrice (5 min for 
each), sections were incubated with protein 
blocking buffer for 30 min and then with prima-
ry antibodies (T-bet 1:50 and TGF-β1 1:30) at 
4°C overnight. In negative control group, sec-
tions were incubated with PBS instead of pri-
mary antibodies. On the next day, sections 
were incubated for 30 min-45 min at room tem-
perature and washed thrice (10 min for each) 
with PBS, followed by incubation with biotin 
conjugated anti-mouse secondary antibody 
(Jackson, Anti-mouse IgG, 1:100) for 20 min. 
Visualization was done with diamino-benzidine 
diaminobenizidine (DAB); were for 3-10 min at 
room temperature. After rinsing in PBS, the 
sections were counterstained with hematoxy-
lin, dehydrated, and finally mounted. Images 
were photographed with the OLYMPUS CX-40 
Microscope (Olympus, Japan) at a magnifica-
tion of × 400.

The pathological scoring was performed as 
described previously [17]. Nuclear expression 
of T-bet was graded from 0 to 4 according to 
the proportion of positive cells (0, ≤ 5%; 1+, 

1%-25%; 2+, 6%-25%; 3+, 26%-75%; 4+, > 75%). 
Cytoplasmic expression of TGF-β1 was graded 
from 1 to 3 according to the staining intensity 
(1+, light yellow; 2+, yellow; 3+, brown yellow). 
The product of both scores was graded from - 
to +++ (-, 0; +, 1-3; ++, 4-5; +++, > 5) [17]. All 
sections were blindly evaluated. 

Immunofluorescence staining

Immunofluorescence staining was also per-
formed for the detection of T-bet and TGF-β1 
expression in the adenoid tissues. Tissues 
were cut into 4-µm sections and fixed in ace-
tone at 4°C for 10 min. After washing in PBS 
thrice (15 min for each), sections were permea-
bilized with 0.3% Triton X-100 and then blocked 
for 30 min with 3% BSA, followed by incubation 
at 4°C overnight with primary antibodies (T-bet 
1:50 and TGF-β1 1:30) or PBS in negative con-
trol. The sections were washed thrice in PBS 
(15 min for each) and then incubated with Cy3-
conjugated anti-mouse secondary antibody 
(1:100) for 30 min in dark. Counterstaining of 
the sections was performed using DAPY 
(1:1000) for 5-10 min. Fluorescent images 
were photographed using OLYMPUS CX-40 
Microscope (Olympus, Japan).

The pathological scoring was performed as 
described previously [18]. The fluorescence 
intensity was graded from 0 to 3+ (-, no or 
weakly visible fluorescence; +, visible fluores-
cence; ++, bright fluorescence; +++, dazzling 
fluorescence). All sections were blindly evalua- 
ted.

TGF-β1 expression in peripheral blood

Blood was collected from OSAHS children dur-
ing surgery and serum was separated. TGF-β1 
content of the peripheral blood was measured 
by enzyme-linked immunosorbent assay (ELISA) 
following the manufacturer’s instructions.

Blood detections 

In brief, 4 mL peripheral blood was collected 
from OSAHS children and anti-coagulated with 
EDTA before and at 1 and 3 months after sur-
gery. An automatic biochemical analyzer (Oly- 
mpusAU5400) was used to detect the levels of 
IgA, IgM and IgG in the peripheral blood by tur-
bidimetric analysis. A flow cytometer (BD FACS 
can flow cytometry, Becton Dickinson, USA) 
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Table 5. TGF-β1 expression of different inten-
sities in AR group and non-AR group 

Group
TGF-β1  
positive  

patients (n)

TGF-β1
χ2 P

(I) (II) (III)

AR 50 9 14 27
11.007 0.004

Non-AR 26 13 8 5

was used to determine the CD16+ 56+/CD45+ 
T-lymphocyte, CD19+ B-lymphocyte, CD3+, 
CD4+ and CD8+ T-lymphocytes, and then the 
CD4+/CD8+ ratio was calculated. During the 
hospitalization, children did not receive treat-
ment affecting the immune function except for 
antibiotics used in perioperative period. 

Statistical analysis 

All statistical analyses were conducted using 
the SPSS version 16.0. Categorical variables 

were compared with chi-square test. The rela-
tionships between variables were determined 
using the Spearman’s correlation analysis. The 
paired data was assessed according to the 
paired t-test. The measurement data were eval-
uated using one way analysis of variance. Data 
are presented as means ± standard deviation 
(SD) and a value of P < 0.05 was considered 
statistically significant.

Results

Baseline characteristics

A total of 140 patients were recruited into pres-
ent study. There were 62 males and 78 females 
with a mean age of 6.7 ± 1.4 years. In addition, 
age of onset was 3-6 years in 50 patients, 6-9 
years in 63, and 9-11 years in 27. There was no 
significant difference in age between males 
and females (P > 0.05). These patients received 
sleep test and divided into four groups accord-
ing to the severity of OSAHS determined on the 
basis of clinical manifestations and AHI score 
determined by PSG: mild in 16.4% OSAHS (1 ≤ 
OAI ≤ 5 and/or 5 ≤ AHI ≤ 10, with 0.85 ≤ LAaO2 
≤ 0.91; 10 males and 13 females), moderate in 
52.1% (5 < OAI ≤10 and/or 10 < AHI ≤ 20, with 
0.75 ≤ LAaO2 ≤ 0.84; 34 males and 39 females) 
and severe in 31.5% (OAI > 10 times/h and/or 
AHI > 20 times/h, with LAaO2 < 0.75; 21 males 
and 23 females =. 

There were 77 patients in AR group (35 males 
and 42 females) with a mean age of 5.8 ± 1.6 
years (range: 3-10 years) and 63 patients in 
non-AR group (27 males and 36 females) with a 
mean age of 6.3 ± 1.1 years (range: 4-11 years). 
There were no significant differences in age 
and gender between two groups. 

Among 140 patients, 103 children had clinical 
signs and symptoms of snoring together with 
mouth breathing, 71 had additional apnea, and 
45 had additional night terrors needing the 
change of body position for fall asleep. Of 140 
patients, 34 had serious sleep apnea and 20 
had craniofacial abnormalities or adenoid face 
leading to long-term mouth breathing. 

3 children had complications of circulating sys-
tem due to long term hypoxia, such as the pul-
monary artery and right cardiac hypertrophy. In 
addition, rhinosinusitis was observed in 24 
patients, AR in 77, chronic tonsilitis in 89 and 
secretory otitis media in 97.

Table 1. T-bet expression in AR group and 
non-AR group (n=140)
Groups T-bet expression χ2 P
AR (n=77) 37 (48.1%) 4.072 0.044
Non-AR (n=63) 41 (65.1%)

Table 2. T-bet expression of different intensi-
ties in AR group and non-AR group

Group
T-bet  

positive  
patients (n)

T-bet
χ2 P

(+) (++) (+++)

AR 37 19 11 7
9.757 0.008

Non-AR 41 8 15 18

Table 3. T-bet expression in AR patients with 
different degree of adenoid hypertrophy

Group n
T-bet

χ2 P
- +/++/+++

AR 77
    I 9 10 5.758 0.016
    II 6 14
    III 14 5
    IV 11 8

Table 4. TGF-β1 expression in AR group and 
non-AR group (n=140)
Groups TGF-β1 expression χ2 P

AR (n=77) 50 (64.9%) 7.820 0.005
Non-AR (n=63) 26 (41.3%)
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Fiber nasopharyngoscopy

All the patients enrolled received fiber naso-
pharyngoscopy by an experienced endosco-
pist. Based on the relation with narium choana, 
the severity of adenoid hypertrophy was divid-
ed into I degree (0-25% nostril blockage), II 
degree (26-50% blockage), III degree (51-75% 
blockage), and IV level (76-100% blockage) [22, 
45]. In our study, I and II degree was found in 
27 and 34 patients, respectively, in whom mild 
hypertrophy was present and obstruction of 
the airway was not observed. III degree was 
found in 36 patients in whom moderate hyper-
trophy was present, and IV degree was noted in 
43 patients in whom were severe hypertrophy 
was observed (Table 5) [22].

Skin prick tests (SPTs)

Patients did not receive antihistamine treat-
ment at least 7 days before SPTs for derma-
tophagoides alone. The wheal equal to or larger 
than 3 mm in diameter (++) was suggestive of 
positive reaction (AR) [46]. SPT reactivity to 
dermatophagoides farinae alone was found in 
8 patients (+++) and 6 patients (++++), to der-
matophagoides pteronyssinus alone in 9 
patients (+++) and 7 patients (++++), to both 
dermatophagoides farinae and dermatopha-
goides pteronyssinus in 47 patients: derma-
tophagoides farinae (+++) and dermatophagoi-
des pteronyssinus (+++) in 10, dermatophagoi-
des farinae (++++) and dermatophagoides 
pteronyssinus (++++) in 11 patients, dermato- 

median course of disease was 1.6 years (ran- 
ge: 6 months to 2 years) and the mean pure 
tone auditory threshold was 27.5 ± 3.8 dB nHL 
before surgery. In children receiving indwelling 
of ventilation tube, the mean age was 6.7 ± 1.5 
years (range: 4-9 years), the median course of 
disease was 1.8 years (range: 8 months to 3 
years), and the mean pure tone auditory thresh-
old was 26.7 ± 2.6 dB nHL before surgery. 

T-bet expression in adenoid tissues

Adenoid tissues were collected for the detec-
tion of T-bet expression in AR group and non-AR 
group by immunohistochemistry (Figures 1  
and 2). 37 (48.1%) patients in AR group and 41 
(65.1%) patients in non-AR group were positive 
for T-bet expression, showing significant differ-
ence between two groups in the proportion of 
patients positive for T-bet expression (χ2=4.072, 
P=0.044 < 0.05) (Table 1). The intensity of 
T-bet expression in non-AR group (43.90% for 
“+++”) was stronger than in AR group (51.35% 
for “+”) (χ2=9.757, P=0.008 < 0.05) (Table 2). 
There was correlation between T-bet expres-
sion and severity of adenoid hypertrophy: T-bet 
expression in III and IV degree was significantly 
lower than in I and II degree (χ2=5.758, P=0.016 
< 0.05; Table 3). 

TGF-β1 expression in adenoid tissues

TGF-β1 expression was detectable in adenoid 
tissues of both AR group and non-AR group and 
mainly found in the cytoplasm (Figures 3 and 

Figure 1. Immunohistochemistry for T-bet in adenoid tissues from AR pa-
tients and non-AR patients. left: 200 ×; right: 400 ×.

phagoides farinae (+++) and 
dermatophagoides pteronys-
sinus (++++) in 14 and derm- 
atophagoides farinae (++++) 
and dermatophagoides ptero-
nyssinus (+++) in 12. 

Acoustic immittance measu- 
rement was performed before 
surgery. Tympanometry curve 
of type A was found in 66 
ears, type A in 36 ears, type C 
in 81ears, and type B in 97 
ears. For patients with type B, 
conventional pure-tone audi-
ometry was conducted before 
tympanostomy or indwelling 
of ventilation tube. The mean 
age of children receiving ty- 
mpanostomy was 7.1 ± 1.3 
years range: 5-9 years), the 
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4). In addition, 50 patients in AR group (64.9%) 
and 26 patients in non-AR group (41.3%) were 
positive for TGF-β1 expression, showing signifi-
cant difference between two groups (χ2=7.820, 
P=0.005 < 0.01) (Table 4). The intensity of TGF-
β1 expression in AR group (54.0% for “+++”) 
was significantly stronger than in non-AR group 
(50.00% for “+”) (χ2=11.007, P=0.004 < 0.01) 
(Table 5). There was no correlation between 
TGF-β1 expression and severity of adenoid 
hypertrophy (χ2=3.228, P=0.072 > 0.05) (Table 
6).

T-box transcription factor critical for the differ-
entiation of Th1 consigning T cells into Th1 sub-
set [32, 35]. T-bet also antagonizes Gata3, 
therefore down-regulating Th2 cytokines and 
inducing the differentiation of Th2 cells to Th1 
cells [46, 47]. Szabo et al [48] found retrovirus 
mediated transduction of T-bet gene could 
induce the differentiation of Th2 cells into Th1 
cells. T-bet knockout mice may develop airway 
inflammation without allergen stimulation 
because T-bet deficiency reduces the differen-
tiation of Th1 cells and expression of cytokines 

Figure 2. T-bet + cells in the human adenoid tissues. T-bet (red) positive cells (A) and DAPI (blue) positive nuclei 
(B) were observed under a fluorescence microscope. (C) mixed (A and B). Scale bar: 50 μm. DAPI, 4’-6-Diamidino-
2-phenylindole, dihydrochloride.

Figure 3. Immunohistochemistry for TGF-β1 in adenoid tissues from AR pa-
tients and non-AR patients. left: 200 ×; right: 400 ×.

There was negative correla-
tion between T-bet expression 
and TGF-β1 expression in ade-
noid tissues of AR group and 
non-AR group (r2=-0.697, P < 
0.01). 

Discussion

OSAHS is a common respira-
tory disease in children and 
most commonly caused by 
adenotonsillar hypertrophy. 
OSAHS is closely associated 
with AR [17]. T cell population 
imbalances, including Th1/
Th2 imbalance, have been ob- 
served in patients with either 
OSHAS or AR [22-24]. T-bet, a 
protein mainly expressed in 
CD4+ T cells and NK cells, is a 
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in Th1 cells. In the absence of T-bet induced 
inhibition, there would be significant increase in 
Th2 cells and Th2 cytokines. Our results 
showed that the T-bet expression in adenoid 
tissues increased in OSAHS patients, and it in 
OSAHS + AR patients was significantly lower 
than in OSAHS + non-AR patients. This may be 
related to the lower local Th1 cytokines in the 
respiratory tract and thus Th2 cytokines 
increase in the local mucosa of AR and asth-
matic patients [49] due to absence of inhibition 
on Th1 cells and related cytokines. T-bet as a 
Th1 related transcription factor shows a 
reduced expression in the adenoid tissues is 
an important cause of Th1/Th2 imbalance. 
Thus, to correct the Th1/Th2 imbalance by tar-
geting transcription factor T-bet will be helpful 
for clinical inoculation of immunoadjuvants in 
the lymphoid tissue of nasopharynx and for the 
down-regulation of local immune response 

because T-bet is able to induce the inhibition of 
Th2 shift, leading to Th1 shift. 

Adenoid tissues are an important component 
of the pharyngeal lymphoid ring and also an 
immune organ. There are a lot of lymphocytes 
at different developmental stages including B 
lymphocytes, T lymphocytes, T cells and den-
dritic cells. They have immune regulatory func-
tion as in central and peripheral lymphoid 
organs. In our study, the severity of adenoid 
hypertrophy had a negative correlation with the 
T-bet expression in OSAHS + AR group, while 
the T-bet expression was similar in patients 
with different degrees of adenoid hypertrophy 
in OSAHS + non-AR group. The primary cause of 
adenoidal hypertrophy in children is non-specif-
ic chronic inflammation except for physiological 
enlargement. Subepithelial and intraepithelial 
lymphocytes in the adenoid tissues play an 
important role in both local and systemic 
immune response. CD4+ T cells in the adenoid 
tissues increase significantly and becomes 
activated when there is presence of repeated 
inflammatory stimulation in the adenoid tis-
sues. The T-bet expression is dependent on 
CD4+ T cell, and thus T-bet expression was 
higher in the adenoid tissues of OSAHS + non-
AR group and it had no relationship with the 
severity of adenoid hypertrophy but was related 
to the local inflammation. Allergic inflammation 
in local stimulation is stronger in the OSAHS + 

Figure 4. TGF-β1+ cells in human adenoids. TGF-β1 (red) positive cells (A) and DAPI (blue) positive nuclei (B) were 
observed under a fluorescence microscope. (C) mixed (A and B) Scale bar: 50 μm. DAPI, 4’-6-Diamidino-2-phenyl-
indole, dihydrochloride.

Table 6. TGF-β1 expression in AR patients with 
adenoid hypertrophy of different degrees

Group n
TGF-β1 χ2 P

- +/++/+++
AR 77
    I 7 11 3.228 0.072
    II 5 12
    III 10 9
    IV 13 10
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AR group than the non-allergic inflammation 
when the repeated stimulation is present. The 
low T-bet expression is mainly ascribed to the 
Th2 dominance and the reduced production of 
IFN-γ and IL-12 by CD4+ T and the increased 
production of IL-4 and IL-5/IL-13 (Th2 cyto-
kines), leading to the attenuation of focal 
inflammation due to cell infiltration [35]. This 
indicates that the stronger local allergic reac-
tion may cause more severe adenoidal hyper-
trophy, and the enhanced Th2 immunity may 
reduce low T-bet expression, which was consis-
tent with our findings. Marek et al [51] con-
firmed that hormone and antihistamine were 
able to attenuate adenoidal hypertrophy and 
nasal airway obstruction syndrome in children 
with allergy. Thus, early prevention of allergy is 
helpful for the attenuation of adenoidal 
hypertrophy. 

TGF-β1, a member of TGF-β superfamily, is a 
polyphenic cytokine with multiple regulatory 
functions and can regulate immune homeosta-
sis by suppressing the differentiation of naive T 
cells toward Th1/Th2 subtypes [50]. TGF-β1 can 
enhance the recruitment of nasal epithelial 
mast cells, which is a major characteristic of 
AR, and the activated mast cells may secret a 
variety of inflammatory mediators leading to 
the deterioration of local allergic reaction. 
Moreover, TGF-β1 can also promote the differ-
entiation of mast cells. TGF-β1 may act on mast 
cells and neutrophils to cause their degranula-
tion, which plays an important role in local 
inflammation. Our results showed TGF-β1 
expression was detectable in the adenoid tis-
sues of OSAHS children with and without AR, 
but the TGF-β1 expression in AR children was 
significantly higher than in non-AR children, 
which may be related to the local recruitment 
and accumulation of mast cells [51].

In addition, TGF-β1 has both pro-inflammatory 
and anti-inflammatory activities in the patho-
physiology of asthma. TGF-β1 at a high concen-
tration is involved in the repair process of the 
airway with inflammatory injury and inhibit the 
inflammation. However, repeated stimulation 
may cause chronic inflammation, leading to the 
excess production of TGF-β1, which may cause 
tissue fibrosis, airway remodeling and chronic 
obstruction [50]. On the other hand, excess 
production of TGF-β1 has been found in local 
lymphoid tissues of AR patients. In the develop-
ment of AR, TGF-β1 is excessively produced in 

local lymphoid tissues and long lasting allergen 
stimulation may result in damage to the muco-
sal epithelial cells, goblet cells metaplasia and 
accumulation of extracellular matrix [33]. Thus, 
TGF-β1 is possibly an important factor partici-
pating in the remodeling of mucous epithelium 
[34]. 

It has been reported that TGF-β1 from the 
peripheral blood may increase circulating Treg 
T cells which then further release TGF-β, lead-
ing to the down-regulation of Th2 immune 
response and the attenuation of allergic reac-
tion [52]. In the present study, the TGF-β1 con-
tent of the peripheral blood was also measur- 
ed in OSAHS children. Results showed serum 
TGF-β1 in AR group was significantly higher than 
in non-AR group, consistent with its expression 
in adenoid tissues. This may be closely related 
to the immunoregulatory effect of TGF-β1 on the 
proliferation of T-cells and B-cells, leading to 
the inhibition of Th2 cells and the Th2 cytokine 
production [55]. The TGF-β1 expression in blood 
has similar trend as in adenoid tissues, which 
indicates it plays an important role in local and 
systemic immune responses. 

At 1 month after radiofrequency ablation of ton-
sil adenoidal hypertrophy, the CD4+ T lympho-
cytes markedly increased, whereas CD8+ T 
lymphocytes reduced significantly, accompa-
nied by increased CD4+/CD8+ ratio in OSAHS 
children, but the CD3T and CD19B remained 
unchanged. At 3 months after surgery, these 
returned to x baseline level. The IgA, IgG and 
IgM at 1 month after surgery slightly decreased 
as compared to those before surgery, but were 
in normal range of children and returned to pre-
operative levels at 3 months after surgery. This 
may be explained as follows: a low dose antigen 
is presented to dendritic cells in the germinal 
center of lymphoid nodules via M cells and 
reticular cells of APC cells, leading to B cell 
response, the generation of immunoglobulin 
and the memory clonal amplification [53]. This 
indicates that the immune function returns to 
normal at 3 months after surgery without 
impairment of host immunity. As compared to 
the serum TGF-β1 before surgery in AR group, it 
decreased significantly when the immune func-
tion returned to normal after adenotonsillecto-
my and was comparable to that in non-AR 
group. This may be related to the reduction in 
antigen stimulation due to the removal of ade-
noids and tonsils and then the local allergic 
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reaction is attenuated and its progression 
delayed. It is clear that TGF-β1 is not only able to 
activate epithelial cells in AR and enhance the 
chemotaxis of mast cells, but plays an impor-
tant role in the local and systemic immune 
responses by inhibiting the proliferation of T 
cells and the inflammatory response [38].

Our results show that the TGF-β1 in peripheral 
blood and adenoid tissues increased in OSAHS 
group and was significantly higher in OSAHS 
children with AR. The TGF-β1 expression was 
associated with the severity of adenoid hyper-
trophy, which further illustrates this point. The 
differential expression of TGF-β1 in AR group 
and non-AR group in local tissue, and consis-
tency in TGF-β1 expression between peripheral 
blood and adenoid tissues indicated that TGF-
β1 plays an important role in the local and sys-
temic immune responses and allergic dise- 
ases. 

T-bet is a T-box transcription factor that can 
inhibit T lymphocyte immune, and mainly 
induce the differentiation of naive T cells into 
Th1 subset, while another anti-inflammatory 
cytokine TGF-β1 is involved in the inhibition 
effect to both Th1 and Th2, which plays an 
important role in the immunoregulation. In this 
study, the correlation between T-bet expression 
and TGF-β1 expression in adenoid tissues was 
evaluated in AR group and non-AR group. A neg-
ative correlation between T-bet expression and 
TGF-β1 expression was observed. This indicates 
that the TGF-β1 induced inhibition of Th1 shift is 
related to the T-bet. TGF-β1 may inhibit the Itk 
expression, Ca2+ signal transduction and NFATcl 
activation, or protein phosphotyrosine phos-
phatase SHP-1, exerting its inhibitory effect. 
The retrovirus mediated transduction of T-bet 
gene has been found to reverse the TGF-β1 
induced inhibition of Th1 shift, which also con-
firms that T-bet is a key factor in the TGF-β1 
induced inhibition of Th1 shift. On the basis of 
available findings, T-bet and TGF-β1 may inter-
act with each other to maintain the Th1/Th2 
balance. Thus, to correct the Th1/Th2 imbal-
ance by targeting T-bet and TGF-β1 may be help-
ful for the reversal of abnormal shift, which also 
provides targets for the therapy of allergic dis-
eases including AR. 
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