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1. Introduction

OSA in children is usually caused by structural or functional
abnormalities or by the obstruction of the upper airway. The most

common cause of OSA in children is tonsil and/or adenoid
hypertrophy. Adenoid tissue in the mucosa-associated lymphoid
system of the upper respiratory tract is an important part of the
Waldeyer ring. Inflammation in the nasopharynx and adjacent
areas may cause repeated stimulation of the inflammatory
response due to pathological adenoid hyperplasia [1]. Immune
activation in the adenoids may occur following a variety of external
stimuli, and the imbalance of local immune cells and an abnormal
inflammatory response may lead to delayed healing, causing
adenoidal hypotrophy. The adenoids’ local immune status is
closely linked to the incidence of OSA. The synchronization of the
inflammatory states of both the adenoids and the peripheral blood
of children with OSA can help us understand the pathogenesis of
OSA.

Sleep is closely related to the body’s immune system. Ganz [2]
believed that sleep is associated with immune function, and this
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A B S T R A C T

Objective: This study aims to explore the role of the Th17 to Treg cell ratio in children with OSA and its

relationship with allergic rhinitis.

Methods: The study included 127 children diagnosed with OSA by polysomnography (PSG) testing and

29 children without OSA. The 127 children with OSA were divided into the following groups: OSA with

moderate adenoidal hypertrophy (n = 47), OSA with severe adenoidal hypertrophy (n = 49), and OSA

complicated by allergic rhinitis (AR) (n = 31). The adenoids of the 29 children without OSA were mildly

hypertrophic. We measured the number of Th17 and Treg cells, the levels of related serum cytokines in

cellular secretions, and the expression of key transcription factors in both the peripheral blood and

adenoid tissue. The Th17/Treg ratio was calculated and analyzed between groups. The numbers of Th17

and Treg cells were measured by flow cytometry; the secreted IL-17, IL-10, and TGF-b were measured by

ELISA; and the expression levels of RORgt and Foxp3 were measured by RT-PCR.

Results: Compared with the control group, OSA children exhibited a significant increase in the number of

peripheral Th17 cells, Th17-related cytokine secretion (IL-17), and RORgt mRNA levels, whereas they

exhibited a decrease in the number of Treg cells, Treg-related cytokine secretions (IL-10, TGF-b) and

Foxp3 mRNA levels. The Th17/Treg ratio was higher (p < 0.05) in the OSA groups than in the control

group. The Th17/Treg ratio was correlated with the size of the adenoids. We also found that the Th17/

Treg balance in OSA patients was complicated by allergic rhinitis; the increase was significantly larger in

the AR group (p < 0.05, p = 0.021) than in OSA groups without AR. These results were observed in both

the peripheral blood and local adenoid tissue.

Conclusion: The Th17/Treg imbalance may increase the risk of developing OSA, and AR may promote the

development of the disease. These results provide an alternative explanation for OSA pathogenesis that

warrants additional research and presents new directions for the prevention and treatment of OSA in

children.
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relationship is partially based on the physiological basis of sleep,
sleep architecture, the sleep-wake cycle, cytokines and the
hypothalamic-pituitary axis. Many immune functions are depen-
dent on circadian rhythms and regular sleep. Sleep disorders can
cause changes in the number and function of immune cells,
particularly T cells. Over the past decade, scholars have begun to
focus research on subsets of T cells in OSA patients, including the
Th1 and Th2 cell populations. Bollinger [3] found that there is a
certain 24-h rhythm of the regulatory T cells (Treg) and that sleep
deprivation seriously disrupts Treg cell function. Alert [4] studied
patients with Th1-type active mode-based OSA, and Dyugovskaya
[5] suggested that compared with wakefulness, early nocturnal
sleep induced a shift in the Th1/Th2 cytokine balance towards
increased Th1 activity; however, the Th1 shift was only moderate
and was replaced by Th2 dominance during late sleep [6]. In recent
years, Th17 and Treg T cell populations have also been discussed.
Th17 cells are key effectors of the immune response. Th17 cells
expressing retinoic acid-related orphan receptor gt (RORgt) play
critical roles in the development of autoimmunity and allergic
reactions through IL-17 production. Treg cells expressing
the forkhead/winged helix transcription factor (Foxp3) orches-
trate the overall immune response and play a role in immune
tolerance through contact-dependent suppression or by regulat-
ing the activity of the effector T cells or releasing anti-
inflammatory cytokines, such as interleukin-10 (IL-10) and
transforming growth factor b (TGF-b1). Sade [7] found that the
Th17/Treg ratio negatively correlates with the clinical score for
OSA independent of age and gender. Jin Ye [8] found that the
Th17/Treg ratio is elevated in patients with OSA and positively
correlates with apnea–hypopnea index (AHI). Anderson [9] found
that CD4 T cells are increased locally in the tonsils of children
with OSA, whereas CD8 T cells are reduced, and that the Th17 cell
population is affected. Although these results are varied and
have yet to produce a unified conclusion, it is clear that T cell
population imbalances, either Th1/Th2 or Th17/Treg imbalances,
are observed in patients with OSA. This issue, however, requires
further study and discussion.

Therefore, we have designed a research study of preschool-
aged children (3–6 years) to measure the number of Th17 and
Treg cells as well as the expression of related genes and
cytokines in both the peripheral blood and adenoid tissue. Our
aims are to investigate the significance of the Th17/Treg ratio in
children with OSA, including the effect of changes in this ratio
on the local and systemic inflammatory response, and to
investigate how allergic rhinitis affects the Th17/Treg ratio in
children with OSA.

2. Patients and methods

2.1. Patient information

Children (ages 3 to 6 years) with OSA newly confirmed by
overnight PSG were initially recruited into the OSA group.
Children diagnosed with chronic tonsillitis who underwent
surgical treatment and were excluded from a diagnosis of OSA
by PSG were recruited into the control group. All patients were
determined to be free of other cardiovascular, endocrine, urinary
system, metabolic and neuromuscular diseases and disorders.
The selected patients had no specific response to aspirin,
bronchiectasis, typical histories of autoimmune diseases, or
severe respiratory infection within two weeks prior to enroll-
ment. Any history of allergic rhinitis, asthma or other allergic
diseases was recorded for all children. Skin prick tests were
performed to assess allergens, and fiber nasopharyngoscopy was
performed to assess adenoid size. Routine preoperative exam-
inations were performed to exclude surgical contraindications.

The fiber nasopharyngoscopy was performed by the fixed
endoscopist in the Endoscopy room.

Based on the results of the fiber nasopharyngoscopy, adenoid
size was classified into four groups of differing degrees of
blockage: level I (0–25% nostril blockage), level II (26–50%
blockage), level III (51–75% blockage), and level IV (76–100%
blockage) [2]. Levels I and II included patients who were mildly
hypertrophic, which normally will not cause obstruction of
the airway. Level III included patients who were moderately
hypertrophic, and level IV included patients who were severely
hypertrophic. According to the ‘‘children with obstructive sleep
apnea syndrome treatment guidelines’’ published in 2007 by the
Chinese Journal of Otorhinolaryngology Head and Neck, a
diagnosis of OSA is established when the obstructive apnea index
(AOI) is greater than 1/h or the obstructive apnea hypopnea index
(AHI) is greater than 5 times/h and the lowest oxygen saturation is
less than 92%.

Children with adenoid levels I and II hypertrophy had an AHI
lower than 5, no complaints of sleep apnea and no allergic rhinitis,
which is called group I (adenoid level I and level II) for short. The
OSA children were divided into groups: group II was the adenoid III
group (moderate hypertrophy group), group III was the adenoid IV
group (severe hypertrophy group), and group IV was the OSA + AR
group (OSHAS children with concurrent allergic rhinitis). The study
was approved by the Institutional Review Board of Shanghai
Children’s Hospital. The parents of all of the children provided
informed consent to take the children’s blood and adenoid tissue
for research.

2.2. RORgt and Foxp3 expression determined by real-time

quantitative PCR

Total RNA was extracted from the peripheral blood PBMCs by
TRIzol extraction (TRIzol Reagent, Ambion) according to the
manufacturer’s instructions. Total RNA extraction from the
adenoids was performed as follows. Approximately 100 mg of
tissue was placed into an EP tube, 1 mL of TRIzol was added, and
RNA was extracted per the instructions. The concentration of
the sample was measured, and the OD260/OD280 ratio was 1.91.
The extracted RNA was of high purity, and there were no residual
proteins or DNA.cDNA was synthesized using random hexamer
primers and RNase H� reverse transcriptase (Invitrogen). The
mixture was prepared in 0.2 mL RNase-free EP tubes, and the
reaction was performed at 37 8C for 15 min followed by 5 s at 85 8C.
The primer pairs used are shown in Table 1. The resulting cDNA
was diluted with 10 mL ddH2O and was frozen at �20 8C. The
product could then be used for direct 2nd-strand cDNA synthesis.
The recommended maximum volume of cDNA for use in PCR
amplification was 1 mL.

Relative gene expression was calculated using the comparative
CT method. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was used as a housekeeping gene for normalization, and a no
template sample was used as the negative control. All reactions
were carried out in triplicate per sample.

Table 1
Primer sequences.

Gene Primer Product length (bp) Tm (8C)

GAPDH 5-GGCTGTGGGCAAGGTCATCCCTG-3 101 67.62

5-GACGGCAGGTCAGGTCCACCACTG-3 68.96

FOXP3 5-GGCAGCCAAGGCCCTGTCGTCC-3 91 70.07

5-GGCTACCCCACAGGTGCCTCCGG-3 70.87

RORgt 5-GTGCCCACCACCTCACCGAGGCC-3 148 71.51

5-TAGGCCCGGCACATCCTAACCAGC-3 68.46
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2.3. Flow cytometry analysis of Treg and Th17 cells

2.3.1. Blood samples and PBMC isolation

Three milliliters of peripheral blood (PB) samples was collected
into collection tubes containing sodium heparin. An equal volume
of HBSS (Hank’s balanced salt solution, pH 7.2–7.4) was added to
the peripheral blood. The PBMCs were prepared by Ficoll–Hypaque
density centrifugation and were resuspended at a density of
2 � 106 cells/mL for analysis by flow cytometry.

2.3.2. Preparation of PBMCs from adenoid tissue

The adenoid tissue was rinsed for 10 s in a 75% ethanol solution
and then cleaned using PBS containing a 10% antimicrobial
solution. After being rinsed for 10 s in RPMI-1640 medium, the
tissue was cut into pieces. The broken tissue was ground in 40 mM
mesh with a syringe needle core to give a single cell suspension in
10% FBS + RPMI-1640. Ficoll–Hypaque density centrifugation was
used to purify the PBMCs, and the PBMCs were suspended at a
density of 1 � 106 cells/mL.

2.3.3. Cell culture

The PBMC suspension (2 � 106 cells/mL) was put into T25
flasks, and 3 mL of media including PMA (50 ng/mL, Sigma, USA),
ionomycin calcium salt (1 mg/mL, Sigma, USA) and BFA (10 mg/mL)
was added. The incubator was set at 37 8C under a 5% CO2

environment for 4 h of culture.
Cultured cells in solution were subjected to human Th17 and

Treg analysis (the experimental procedure was performed in
accordance with instructions from BD Inc. (560762)). The stained
cells were analyzed by flow cytometry using a FACScan flow
cytometer (Becton Dickinson) equipped with CellQuest Pro 5.2
software (BD Biosciences, USA).

2.4. Detection of cytokine levels

The PBMC plasma levels of IL-17, TGF-b1, and IL-10 were
measured by enzyme-linked immunosorbent assay (ELISA) fol-
lowing the manufacturer’s instructions (ELISA kits).

2.5. Statistical analysis

The values in all of the tables and figures are expressed as the
means � standard deviation (SD). Statistically significant differences
between the values were determined using Student’s t-tests. Grouped
data were analyzed using a one-way analysis of variance (ANOVA).
Statistical analyses were performed using a commercial software
package (SPSS, version 16.0 for Windows; SPSS Inc., Chicago, IL).
p-Values less than 0.05 indicate significance.

3. Results

3.1. Subject characteristics

A total of 156 children were assessed, with 29 in group I (the
control group without OSA and with levels I and II adenoid), 47 in
group II (the OSA group with level III adenoids), 49 in group III (the
OSA group with level IV adenoids), and 31 in group IV (OSHAS
children with allergic rhinitis). The characteristics of the study
population are shown in Table 2.

Preschool children aged 3–6 years were enrolled, and no
statistically significant differences in age were found between the
four groups (p > 0.05; p = 0.701). Based on PSG monitoring, the AHI
and oxygen saturation of the control group were deemed normal.
The AHIs of the OSA groups and OSA + AR group were greater
than 5, and the lowest oxygen saturations were below 92%. The
differences in AHI values and oxygen saturation compared with
the controls were significant in the OSA + AR group and the OSA
groups without AR (p < 0.05; p = 0.023 and p = 0.027, respectively).
However, there was no significant difference between the level III-
adenoid OSA group and the level IV-adenoid OSA group.

Summaries of the RT-qPCR, flow cytometry, and ELISA results
from the peripheral blood of the control group and the OSA groups
are shown in Table 3. The results from the adenoid tissue are
summarized in Table 4. The data for each group were statistically
analyzed.

3.2. The expression of Foxp3 and RORgt mRNA in the PBMCs and

adenoid tissue

RORgt is an important transcription factor for the differentia-
tion of Th17 cells, whereas Foxp3 is the master transcription factor

Table 2
Baseline characteristics of study population.

Variables Group I Group II Group III Group IV

Subjects (n) 29 47 49 31

Age (years) 6.51 � 2.42 5.62 � 4.20 4.86 � 7.21 5.50 � 3.98

AHI

(episodes/h)

1.07 � 1.56 6.95 � 4.24a 8.73 � 8.52b 8.36 � 2.51c

SaO2< 90%

(%TST)

95.01 � 3.46 85.33 � 11.70a 82.94 � 8.19b 83.56 � 12.54c

Values are expressed as mean � SD. Differences between the values were determined

using Student’s t-test.
a p < 0.05, group I versus group II.
b p < 0.05, group I versus group III.
c p < 0.05, group I versus group IV.

Table 3
Summary of RT-PCR, flow cytometry, and ELISA results from peripheral in different groups.

Variables Group I Group II Group III Group IV

mRNA expression of transcription factors (RT-qPCR)

RORgt/GADPHmRNA 5.37 � 3.19 28.01 � 6.65a 38.53 � 9.72b 53.50 � 7.49c,e

Foxp3/GADPHmRNA 2.72 � 0.34 1.82 � 0.43a 1.07 � 0.59b,d 0.21 � 0.98c,e

T-cell counts (flow cytometry)

Th17 (% of CD4+) 0.97 � 0.38 1.84 � 0.25a 2.87 � 0.43b 3.24 � 1.07c,e

Treg (% of CD4+) 1.91 � 0.56 0.46 � 0.38a 0.36 � 0.15b 0.23 � 0.26c,e

Th17/Treg ratio 0.54 � 0.32 4.22 � 1.82a 7.52 � 2.36b,d 13.21 � 4.25c,e

Levels of cytokines (pg/mL) (ELISA)

IL-17 (pg/mL) 1.52 � 1.43 2.58 � 0.34a 3.11 � 1.07b 4.66 � 1.92c,e

IL-10 (pg/mL) 53.87 � 11.45 47.68 � 3.45 45.35 � 7.43 31.67 � 13.59c

TGF-b (pg/mL) 139.65 � 23.68 80.42 � 5.67a 48.72 � 10.35b,d 30.11 � 9.36c,e

Values are expressed as mean � SD. Differences between the values were determined using Student’s t-test.
a p < 0.05, group I versus group II.
b p < 0.05, group I versus group III.
c p < 0.05, group I versus group IV.
d p < 0.05, group III versus group II.
e p < 0.05, group IV versus group III.
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in Treg cells. The results showed that in the peripheral blood and
adenoid tissue, RORgt levels were higher in the OSA groups than in
the control group, and the differences in RORgt expression were
associated with adenoid size (Fig. 1A). Relative RORgt expression
in the peripheral blood of group III (38.53 � 9.72) was higher than in
group II (28.01 � 6.65) (p = 0.048, p < 0.05), and relative RORgt
expression was 53.50 � 7.49 in group IV, which was significantly
higher than group I (5.37 � 3.19)(p = 0.004, p < 0.05) and group III
(p = 0.023, p < 0.05). Furthermore, relative Foxp3 expression was
reduced in group II (p = 0.028, p < 0.05), group III (p = 0.025, p < 0.05),
and group IV (p = 0.017, p < 0.05), and there was also a significant
difference between the two OSA groups distinguished by adenoid size
(p = 0.039, p < 0.05) (Fig. 1B).

3.3. Analysis of the Th17 cell population, Treg cell population and ratio

of Th17/Treg cells in the peripheral blood and adenoid tissue

Compared with the control group, the percentages of Th17 cells
in the peripheral blood and adenoid tissue were higher in the OSA
groups, whereas the percentage of Treg cells was reduced. The
Th17/Treg ratios in the OSA groups increased with adenoid size
(p = 0.043, p < 0.05). The Th17/Treg ratio in the peripheral blood
from group I was 0.54 � 0.32, and the Th17/Treg ratios were
4.22 � 1.82a and 7.52 � 2.36 in group II and group III, respectively.
The Th17/Treg ratio in group IV was 13.21 � 4.25, which was
significantly higher than group I (p = 0.007, p < 0.01) and group III

(p = 0.038, p < 0.05) (Fig. 2A). We observed similar results from the
adenoid tissue; namely, the Th17/Treg ratio was higher in the OSA
groups than in the control group, and the increase was associated
with both adenoid size and the co-diagnosis of AR (Fig. 2B).

3.4. Concentrations of the related cytokines IL-17, IL-10, and TGF-b

The levels of IL-17, IL-10, and TGF-b were detected in the four
groups using ELISA tests (Table 3). The cytokine values were
statistically analyzed, and we found that TGF-b levels were
significantly different among the four groups both in the peripheral
blood and the adenoid tissue samples (Fig. 3). According to the data
from the peripheral blood and adenoid tissue, the IL-17 levels in
group II and group III were significantly higher than in group I
(p = 0.041, p = 0,035, p < 0.05), but there was no difference
between group II and group III. IL-17 levels in group IV were
higher than in group I and group III. IL-10 levels from the adenoid
tissue in group II and group III were not different compared to
group I, but IL-10 levels in group IV were lower than in group I
(p = 0.033, p < 0.05). There was no difference between group I,
group II, and group III with respect to the adenoid tissue IL-10
levels. However, we can see that the adenoid tissue IL-10 levels in
group IV were higher than in group I and group III, relative to the
peripheral blood levels. In both the peripheral blood and adenoid
tissue samples, the IL-17 and IL-10 levels were also significantly
different between group II and group III (Fig. 4A and B).

Table 4
Summary of RT-PCR, flow cytometry, and ELISA results from adenoid tissue in different groups.

Variables Group I Group II Group III Group IV

mRNA expression of transcription factors (RT-qPCR)

RORgt/GADPHmRNA 11.52 � 4.97 82.78 � 6.41a 96.45 � 10.47b,d 112.64 � 21.55c,e

Foxp3/GADPHmRNA 3.81 � 0.31 2.42 � 0.87a 1.56 � 0.58b,d 0.92 � 0.63c,e

T-cell counts (flow cytometry)

Th17 (% of CD4+) 1.53 � 0.39 2.64 � 0.57a 3.63 � 1.01b,d 3.74 � 0.72c,e

Treg (% of CD4+) 10.61 � 2.62 1.12 � 0.92a 0.82 � 0.53b,d 0.39 � 0.07c,e

Th17/Treg ratio 0.20 � 0.07 2.41 � 0.99a 4.49 � 1.25b,d 9.97 � 2.10c,e

Levels of cytokines (pg/mL) (ELISA)

IL-17 (pg/mL) 42.15 � 11.98 53.72 � 8.38a 55.70 � 9.45b 63.76 � 8.52c,e

IL-10 (pg/mL) 14.43 � 5.68 7.69 � 4.20a 7.01 � 2.58b 3.67 � 1.59c

TGF-b (pg/mL) 875.32 � 43.56 649.54 � 28.64a 433.09 � 19.51b,d 300.11 � 19.54c,e

Values are expressed as mean � SD. Differences between the values were determined using Student’s t-test.
a p < 0.05, group I versus group II.
b p < 0.05, group I versus group III.
c p < 0.05, group I versus group IV.
d p < 0.05, group III versus group II.
e p < 0.05, group IV versus group III.

Fig. 1. Expression levels of RORgt in PBMCs from the peripheral blood and adenoid tissue. (A) RORgt/GAPDH mRNA ratios were compared between the four groups. (B) Foxp3/

GAPDH mRNA ratios were compared between the four groups. a p < 0.05, group I versus group II; b p < 0.05, group I versus group II; c p < 0.05, group I versus group IV.
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4. Discussion

The newly discovered Th17 cells are a class of cells independent
of the Th1 and Th2 T cell subsets. Th17 cells express RORgt and
mainly secrete interleukin-17A (IL-17A). Th17 cells are an
important class of effector T cells that regulate the body’s fight
against extracellular pathogens while also promoting the occur-
rence of autoimmune and inflammatory diseases. Th17 cells play

an important role in the development of immunity, mainly by
secreting IL-17. TNF-a and IL-6 also have a role in this process.
Unlike Th17 cells, human regulatory T cells (Treg) maintain
peripheral tolerance. Treg cells express FoxP3 and complete the
immunosuppressive function primarily through direct contact
inhibition or by inhibiting cytokine IL-10 and TGF-b and adjusting
the activity of effector T cells. Treg and Th17 cells have opposite
effects on autoimmunity and inflammation. Both can arise from

Fig. 2. The Th17/Treg ratio increased significantly between the four groups. (A) The Th17/Treg ratios in the OSA groups increased in the PBMCs from peripheral blood. (B) The

Th17/Treg ratios in the OSA groups increased in the PBMCs from adenoid tissue.

Fig. 3. TGF-b levels in the peripheral blood and adenoid tissue. The data represent the plasma TGF-b concentrations in the four groups. The data are expressed as the

mean � SD; a p < 0.05, group I versus group II; b p < 0.05, group I versus group II; c p < 0.05, group I versus group IV; d p < 0.05, group III versus group II; e p < 0.05, group IV versus

group III.

Fig. 4. L-17 and IL-10 concentrations in the peripheral blood (A) and adenoid tissue (B). IL-17 concentrations were significantly higher in group IV, and the IL-10

concentrations were lower in group IV. The concentrations of IL-17 and IL-10 were not different between group II and group III. The data are expressed as the mean � SD; a

p < 0.05, group I versus group II; b p < 0.05, group I versus group II; c p < 0.05, group I versus group IV; e p < 0.05, group IV versus group III.
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T0 cell differentiation. T cell development is plastic and mutual
differentiation may occur depending on the local cytokine
microenvironment. Some studies [10] have shown that Treg cells
are able to differentiate into IL-17-producing cells and that human
peripheral blood and lymphoid tissue contain a significant number
of CD4+ Foxp3+ T cells that have the capacity to produce IL-17
upon activation. In addition to the human Th1/Th2 balance, the
balance between Treg and Th17 cells [11] is critical for controlling
the development of autoimmune and inflammatory responses.
The Th17/Treg balance has an important role in the development
of a variety of human diseases, including cancer, inflammation, and
autoimmune diseases [12–15]. Galon [16] suggested that an
elevated Th17/Treg ratio may be a severe marker of autoimmune
disease, inflammatory disease, and allergic disease, indicating that
the equilibrium of different types of immune cells can be used
to better predict clinical prognosis in patients. In summary, in
consideration of the role that the Th17/Treg ratio has in other types
of disease, we studied the relationship between changes in the
Th17/Treg ratio in children with OSA and different adenoid sizes
and co-diagnosis with allergic rhinitis. This research is founded in
evidence and has important clinical significance.

Our results showed that children with OSA exhibited significant
increases in the number of Th17 cells and the levels of Th17-
related transcription factors (RORgt), as well as dramatic decreases
in the number of Treg cells and the levels of Treg-related
transcription factors (Foxp3) when compared with controls. The
Th17/Treg ratios were also elevated in the OSA groups. These
results were obtained from both the peripheral blood and adenoid
tissue samples. Further, the Th17/Treg ratios were associated with
adenoid size. Our data show a significant difference in the Th17/
Treg ratio between group II and group III (p < 0.05), as well as
the levels of RORgt and Foxp3. However, the levels of IL-17 and
IL-10 were independent of adenoid size. Previous studies have
demonstrated that the Th17/Treg ratio positively correlates with
the severity of OSA [8,19]. It is known that adenoid hypertrophy
is the main cause of OSA in children, and our results illustrate that
the Th17/Treg ratio is associated with adenoid hypertrophy.
Thus, the Th17/Treg ratio may be a factor in the development of
OSA in children. We also found that the Th17/Treg ratio was higher
in group IV compared to group III, and this difference was
statistically significant. These positive results suggest that the
Th17/Treg ratio is elevated in children with OSA and that the
elevation is higher with the co-diagnosis of allergic rhinitis.
Therefore, we believe that the Th17/Treg balance plays an
important role in the pathogenesis of OSA in children and may
be a co-factor in the development of OSA and/or a prognostic
predictor of children with OSA. Aho V. reported [25] that the
expression levels of the 10 most up-regulated and the 10 most
down-regulated transcripts were correlated with a subjective
assessment of insufficient sleep in a population cohort and that the
10 most down-regulated genes, including TGFBR3, were positively
correlated with insufficient sleep. Thus, sleep disorders may down-
regulate TGFGR3, which causes the levels of TGF-b to decrease,
which in turn is associated with OSA severity. Our results show
that the levels of TGF-b from the peripheral blood and adenoid
tissue increased in the OSA groups and were even much higher in
the OSA + AR group. These differences were associated with the
adenoid size, which further illustrates this point.

As described above, sleep disorders impact the number and
function of human immune cells [3] and lead to changes in Treg
and effector T cells. Early experiments found [17,18] that in the
micro-environment of OSA patients, the elevation of pro-inflam-
matory cytokines IL-17 and IL-6 and the reduction of TGF-b
potentially promote the continued growth of Th17 cells while
inhibiting Treg development, leading to Th17/Treg imbalance
disorders. This disorder can enhance the inflammatory cytokines in

the microenvironment, eventually resulting in a positive feedback
loop that amplifies the proinflammatory response. In a study of
OSA in adults [8], the Th17/Treg ratio was higher in the peripheral
blood of patients with OSA and was positively correlated with the
severity of OSA. Studies of children with OSA have also yielded
some results. Kim [19] studied 47 cases of children with OSA and
found that the FOXP3 gene is more likely to display increased
methylation in children with OSA who exhibit increased systemic
inflammatory responses. FOXP3 DNA methylation levels are
positively correlated with hsCRP levels and AHI, and high FOXP3
DNA methylation may favor the downregulation of Foxp3 protein
expression, thus reducing the number of Treg cells. Anderson [9]
also confirmed the presence of T cell balance disorders in children
with OSA, and these imbalances were characterized by Th17 cell
dominance. The findings of our study are consistent with these
conclusions. We found that in the peripheral blood and adenoid
tissue of children with OSA, the expression of Foxp3 is decreased
and the number of Treg cells is reduced, whereas the number of
Th17 cells is increased and Th17/Treg imbalance was apparent. We
propose a possible mechanism that involves the fact that the
children’s adenoids, which are located in the nasopharynx,
suffered long-term stimulation by various microorganisms. Upon
acute infection, the adenoids experienced a local inflammatory
response under the influence of various inflammatory factors. One
of the inflammatory factors, IL-17, is a principal inflammatory
factor that can promote CD4+ T cells to differentiate into Th17 cells
and, in conjunction with reduced TGF-b, inhibit the development
of Treg cells, causing a Th17/Treg imbalance. An increase in the
Th17/Treg ratio contributes to the formation of a new microenvi-
ronment, and ultimately results in the formation of a positive
feedback mechanism that amplifies the immune response.
Repeated inflammatory stimuli result in the proliferation of local
lymphoid tissue, which is expressed as adenoid hyperplasia.
Hypertrophic adenoid tissues block the airway, causing apnea and
hypopnea during sleep and resulting in OSA. Furthermore, sleep
disorders will affect the normal balance of Th17 and Treg cells.
Bollinger demonstrated that sleep deprivation severely disturbs
the functional rhythm of Treg cells [3]. Aho et al. [25]
demonstrated that partial sleep restriction affects the regulation
of signaling pathways related to the immune system and that some
of these changes appear to be long-lasting and may at least partly
contribute to inflammation-associated pathological states. In other
words, OSA may lead to persistent or worsening systemic
inflammatory immune functioning. Thus, this mechanism explains
our findings regarding the Th17/Treg ratio imbalances in both the
peripheral blood and local adenoid tissue.

Previous studies have demonstrated [16,20–23] that Th17 has
an important role in the pathogenesis of allergic rhinitis, and the
Th17/Treg balance can be used to assess allergic rhinitis. In our
study, allergic rhinitis was considered an influential factor in the
analysis of the Th17/Treg ratio. Studies have shown [24] that adult
OSA might trigger the development of autoimmune phenomena.
Under these circumstances, a higher Th17/Treg ratio may result in
a loss of tolerance and regulation and ultimately a persistent, low-
degree systemic inflammatory reaction characterized by autoim-
mune or allergic diseases. We found that the Th17/Treg ratio was
also significantly increased in patients with OSA and allergic
rhinitis compared with the control group and the OSA groups
without allergic rhinitis. Therefore, we believe that the Th17/Treg
imbalance caused by AR and the Th17/Treg imbalance due to OSA
disorder may mutually promote one another and cause further
imbalance, which can lead to more obvious clinical symptoms.
Therefore, regardless of which pathological changes appear first,
AR or OSA, both will cause changes in the Treg and Th17 cells,
leading to Th17/Treg imbalance disorders, and these disorders will
have roles in promoting the development of other diseases.
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Therefore, such patients should be treated simultaneously for both
diseases. In cases where we are assessing the severity of a disease,
treatment and prognosis, we should not ignore the impact of
other concurrent diseases. The measurement and analysis of the
Th17/Treg ratios in OSA children with or without concomitant
allergic rhinitis are of great significance for the assessment of these
conditions.

Inflammation caused by an immune response is a complex,
dynamically updated process. Do differences in the duration of
disease and differences in the age of patients affect the imbalance
of T cell subsets? After surgery, medical treatment or positive
pressure ventilation therapy in OSA children, is there a change in
the Th17/Treg ratio? What should be done about the development
of concomitant allergic diseases? Our research also needs to refine
intervention factors based on further studies and a comprehensive
analysis of the results.

5. Conclusion

Our data confirm that the Th17/Treg ratio is increased in the
peripheral blood and local adenoid tissue of OSA children. In cases of
OSA of similar severity, changes in the Th17/Treg ratio are associated
with adenoid size. The Th17/Treg ratio is also elevated in OSA
children with allergic rhinitis to a greater extent than in children
without AR. The Th17/Treg ratio may play a critical role in the
pathogenesis of OSA in children, and AR may promote the process.
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Inappropriate
statistical analyses

Missing an important
experiment

 Approach/data not
consistent with
objectives/hypothesis

 Other ­ see
comments

Nice, clear presentation of methods and results

 Reviewer 2

It is unlcear whether the authors excluded allergy in the
OSAHS+adenoid group. They themselves report that
inflammatory disease may be a significant underlying
factor in adenoid enlargement and some inflammatory
factor could therefore be implicated in the adenoid
enlargement. Similarly, it also seems inconsistent that so
many children in the OSAHS + AR group presumably had
no significant adenoid tissue for purposes of group
assignment, yet underwent adenoidectomy for tissue
analysis.

 Reviewer 3

The authors state that they recruited children aged 3­6
years, but if one looks at table 2, it appears that they
included older children also.

Key points

  Meets all criteria

Does not adhere
closely to the data

Biased or overstated
interpretation

 Leads to inaccurate
conclusions

 Reviewer 1

The authors did a pretty good job of discussing how these
inflammatory changes (i.e., an increase in the Th17/Treg
ratio) might related to OSA and allergic rhinitis in the
discussion. However, it does sounds like it may be hard to
know whether this finding is a cause or an effect. As they
state, these results provide a rationale for more study.

 Reviewer 2

Interpretation – 8.0



Not supported by the
data

Other ­ see
comments

I am concerned the conclusions are biased by the group
selections and assignments. It is more likely that
inflammatory disease, rather than sleep apnea, is a more
signficant factor impacting Tcell populations, and it is not
clear that the group selection enables resolution of the
effects of these two factors.

 Reviewer 3

The interpretation should be more structured. Highlight the
novel results of your research from the beginning in order
to increase the interest of the reader.



Key points

 Meets all criteria

Title is inappropriate

 Background/rationale
is missing from
abstract or
introduction

Methods are missing
from abstract

Conclusions are
missing from
abstract





Hypothesis/objective
is missing from
abstract or
introduction

Results are missing
from abstract

Other ­ see
comments

 Reviewer 1

Excellent and well written abstract and introduction. No
significant problems with grammar.

 Reviewer 2

The objective is stated, but it would be more helpful if the
authors specifically stated a hypothesis. eg what they
expected to observe and why they designed the study the
way they did to test it.

 Reviewer 3

The rationale of the article is poorly presented. The
introduction needs major revision. I would suggest to start
with a paragraph describing basic knowledge about sleep
apnea in children and its connection with adenoids and
allergic rhinitis. A second paragraph should include the
already known data regarding the Th17 / Treg and their
importance in the pathogenesis of OSA. A third paragraph
should be devoted to the paucity of data regarding Th17 /
Treg in children with OSA and AR. This structure will make
clear which gap this article is aiming to fill (4th paragraph).
The hypothesis based on the data stated in paragraph 2
of the introduction should also be included in part 4.

The abstract includes details about the measurements
(e.g., ELISA or RT­PCR) that should be omitted. The
conclusion of the abstract should be more concise.

Include in the first paragraph of your abstract the gap in
the literature that your research is aiming to fill.

Quality of Presentation

Title, abstract, and introduction – 7.4



Key points

  Meets all criteria

 Excessive repetition
of data (e.g., from
tables or figures)

Poorly organized or
not succinctly
presented

Missing significance
indicators (e.g., p­
values)

Not focused on
objectives

Other ­ see
comments

 Reviewer 1

Good, clear presentation of results.

 Reviewer 2

The results are presented in orderly fashion.

 Reviewer 3

The authors repeat in the text the numbers that can be
seen in the tables or figures. Only the significance of the
differences should be included. For the rest, the reader
can look at the figures/tables.

Key points

 Meets all criteria

 Problems with
ordering, numbering,
titles, or labels

Data presentation is
inappropriate for the
experiments
performed

Images are of poor

 Reviewer 1

Figures, tables and graphs all clear and easy to
understand.

 Reviewer 2

Table 2: SaO2 < 90% as % TST presumably means
percent of total sleep time where saturation was less than
90. If so, do the authors mean this to be percent of total
sleep time where saturation was above 90? In other words
controls should be above 90 for the majority of the sleep

Results (text) – 9.7

Results (�gures, graphs, and tables) – 7.9



quality

 Figures are too
complex, confusing,
or unclear

 Captions, footnotes,
or legends are
incomplete or
missing

Missing important
data

Other ­ see
comments

time. A footnote explaining abbreviations would be helpful.

 Reviewer 3

Figure 1: show the differences.

Figure 2: it repeats data that is already shown in Tables 3
and 4 and is also cited in the results section. Authors must
consolidate.

Figure 3: add TGF­b on the axis.

Figure 3 and 4: they repeat the data already shown in
Tables 3 and 4.

Figure 3 legend ", and the lower concentrations positively
correlated with the degree of adenoid hypertrophy":
authors must explain in the body of the manuscript what
they mean.

Tables 2, 3 and 4: I would suggest to use the sign *:
p<0.05 versus controls as you compare the 3 OSAHS
groups with the controls subjects, in order to avoid the use
of # and §.

Key points

 Meets all criteria

 Missing concise and
accurate summary
of results

  Missing discussion
of potential
limitations

Biased commentary

 Reviewer 1

The authors did a pretty good job of discussing how these
inflammatory changes (i.e., an increase in the Th17/Treg
ratio) might related to OSA and allergic rhinitis in the
discussion. However, it does sounds like it may be hard to
know whether this finding is a cause or an effect. As they
state, these results provide a rationale for more study.

 Reviewer 2

The authors propose an interesting mechanism on pages

Discussion – 6.9



Insufficient
comparison to
relevant
literature/previous
results

Not consistent with
objective/hypothesis

Other ­ see
comments

9 and 10 which would be strengthened by references to
similar observations in other disease states, for without
that, it is only speculation.

 Reviewer 3

The interpretation should be more structured. Highlight the
novel results of your research from the beginning in order
to increase the interest of the reader. No study has
measured the Th17 / Treg in both adenoids and
peripheral blood in children with OSA, children with OSA
and AR, and normal controls.

Key points

  Meets all criteria

Missing take­away
statements

 Vague, overstated,
or understated
applicability

Not consistent with
discussion or
objectives

Not supported by the
data

Other ­ see
comments

 Reviewer 1

The conclusion section is well written. I agree that further
study is needed to illuminate just how this imbalance in
Th17/Treg relates to OSA risk, severity and the presence
of allergic rhinitis.

I'm not sure if it can be concluded, as the authors suggest,
that this is a step in OSAHS pathogenesis, or whether it
might be a result of the disease process.

I certainly agree that these results support further
research on the topic and that these findings may have
implications for treatment and disease prevention in
children with OSAHA and/or allergic rhinitis.

 Reviewer 2

The only conclusion I can draw from this data is that
inflammatory disease, especially AR, increases Th17/Treg
ratio. The group selections do not permit strong
assesments of what roles OSAHS or adenoid enlargement
specifically have,

Conclusions – 8.5



 Reviewer 3

The questions just before the conclusions are confusing
the reader. They are apparently nice ideas for future
research but what do they add to the current conclusions
of the study?

Key points





Meets all criteria

Problems with ordering
or numbering

Not focused on
current/latest literature

 Do not provide
informative context for
Introduction/Discussion

Do not support
objectives

Missing key references

Other ­ see comments

 Reviewer 1

Adequate references.

 Reviewer 2

The authors propose an interesting mechanism on pages
9 and 10, which would be strengthened by references to
similar observations in other disease states, for without
that, it is only speculation.

 Reviewer 3

Reference 8 and 14: are the pages correct?

Key points

  Meets all criteria

 Reviewer 1

References – 9.0

Writing – 8.3



Incorrect level of
depth in some or all
sections (too brief or
too lengthy)

 Poor/unscientific
word choice or
grammar

Writing lacks clarity,
focus, or
organization

Other ­ see
comments

Excellent writing ­ clear with no significant grammatical
errors.

 Reviewer 2

The quality of the English is fairly good especially given
that the origin is presumably China, and English may not
be the native language.The report follows a logical
progression.

 Reviewer 3

"in children with OSAHS combined with allergic compared
with OSAHS children without AR"

"Children with obstructive sleep apnea hypopnea
syndrome (OSAHS) suffer from sleep apnea"

The first paragraph of the introduction needs rephrasing.

Novelty & Interest

Novelty – 7.7

Key points

New technique, method, or approach (proof of principle)

High 

Med  

Low

N/A

New question, theory or hypothesis (totally new idea)

High 



High 

Med  

Low

N/A

New result, discovery, or perspective/synthesis (proves an established idea)

High

Med  

Low 

N/A

 Reviewer 1

This is a new and emerging topic in OSA.

A previous study on Th17/Treg has been done by Ye and Liu et al., 2012 in adults, but this would
represent some of the earliest work in regard to children with OSAHS.

 Reviewer 2

Attempts to decipher associations between AR, adenoids, and OSA at a cytokine level are
admirable.

 Reviewer 3

Although there are novel findings in this manuscript, the rationale behind them is not well presented
and there is no hypothesis. The results are consistent with previous findings, which corroborated
their importance.

Interest – 7.0

Key points



Back to top

of broad interest to researchers in this field and other fields

 


of broad interest within the field

of moderate interest within the field

of interest to a small group within the field

of limited interest

 Reviewer 1

I think this work is relevant in the fields of ENT and pediatrics, but also to those doing basic science
work in inflammation and immunity regulation.

 Reviewer 2

Potential interest in sleep medicine, immunology, and pediatrics.

 Reviewer 3

The manuscript includes many measurements (cell count, mRNAs, cytokines) in both adenoidal
tissue and peripheral blood which make it of great interest.
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