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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

IC(;Ji/lv(;l/gg?lS: hypertrophic. We measured the number of Th17 and Treg cells, the levels of related serum cytokines in
Obstructive sleep apnea hypopnea cellula.r sc_ecretions, and the exprgssion of key transcription factors in both the peripheral blood and
syndrome adenoid tissue. The Th17/Treg ratio was calculated and analyzed between groups. The numbers of Th17
Adenoidal hypertrophy and Treg cells were measured by flow cytometry; the secreted IL-17, IL-10, and TGF-3 were measured by
Th17/Treg ELISA; and the expression levels of RORyt and Foxp3 were measured by RT-PCR.

Allergic rhinitis 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 RORyt mRNA levels, whereas they
exhibited a decrease in the number of Treg cells, Treg-related cytokine secretions (IL-10, TGF-8) 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.

© 2015 Elsevier Ireland Ltd. All rights reserved.

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

1. Introduction

OSA in children is usually caused by structural or functional
abnormalities or by the obstruction of the upper airway. The most
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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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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 yt (RORvyt) 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 3 (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 Il 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 Il 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 Il was the adenoid III
group (moderate hypertrophy group), group IIl 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. RORvt 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 0D260/0D280 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 °C for 15 min followed by 5 s at 85 °C.
The primer pairs used are shown in Table 1. The resulting cDNA
was diluted with 10 pL ddH,0 and was frozen at —20 °C. 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 pL.

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) T, (°C)

GAPDH 5-GGCTGTGGGCAAGGTCATCCCTG-3 101 67.62
5-GACGGCAGGTCAGGTCCACCACTG-3 68.96
FOXP3  5-GGCAGCCAAGGCCCTGTCGTCC-3 91 70.07
5-GGCTACCCCACAGGTGCCTCCGG-3 70.87
RORyt  5-GTGCCCACCACCTCACCGAGGCC-3 148 71.51
5-TAGGCCCGGCACATCCTAACCAGC-3 68.46
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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+242 5.62+4.20 4.86+7.21 5.50+3.98
AHI 1.07+£156  6.95+4.24% 8.73+8.52"  8.36+251°
(episodes/h)
Sa0, < 90% 95.01+3.46 8533+11.70° 82.94+8.19° 83.56+12.54°
(%TST)

Values are expressed as mean + SD. Differences between the values were determined
using Student’s t-test.

2 p<0.05, group I versus group II.

b p<0.05, group I versus group IIL.

¢ p<0.05, group I versus group IV.

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 x 10° 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 x 10° cells/mL.

2.3.3. Cell culture

The PBMC suspension (2 x 10° cells/mL) was put into T25
flasks, and 3 mL of media including PMA (50 ng/mL, Sigma, USA),
ionomycin calcium salt (1 pg/mL, Sigma, USA) and BFA (10 pg/mL)
was added. The incubator was set at 37 °C under a 5% CO,
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-31, and IL-10 were
measured by enzyme-linked immunosorbent assay (ELISA) fol-
lowing the manufacturer’s instructions (ELISA Kkits).

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 Il adenoid), 47 in
group II (the OSA group with level Il 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 IlI-
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 RORyt mRNA in the PBMCs and
adenoid tissue

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

Table 3
Summary of RT-PCR, flow cytometry, and ELISA results from peripheral in different groups.
Variables Group | Group II Group III Group IV
mRNA expression of transcription factors (RT-qPCR)
RORYt/GADPHmMRNA 537+3.19 28.01 +6.65° 38.53+9.72° 53.50 +7.49%¢
Foxp3/GADPHmMRNA 2.72+034 1.82+0.43° 1.07 £0.59"¢ 0.21+£0.98%¢
T-cell counts (flow cytometry)
Th17 (% of CD4+) 0.97 +0.38 1.84+0.25° 2.87+0.43° 3.24+£1.07%¢
Treg (% of CD4+) 1.91+0.56 0.46 +0.38° 0.36+0.15" 0.23+£0.26%¢
Th17/Treg ratio 0.54+0.32 422 +1.82° 7.52+2.36"4 13.214+4.25%¢
Levels of cytokines (pg/mL) (ELISA)
IL-17 (pg/mL) 1.52+1.43 2.58+0.34° 3.11+1.07° 4.66 +1.92°¢
IL-10 (pg/mL) 53.87+11.45 47.68 +3.45 45.35+7.43 31.67 £13.59°
TGF-B (pg/mL) 139.65 +23.68 80.42 +5.67° 48.72+10.35"¢ 30.114+9.36°¢

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.
p <0.05, group I versus group III.
p <0.05, group I versus group IV.
p <0.05, group III versus group Il
p <0.05, group 1V versus group IIL.

o an o
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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)
RORYt/GADPHmMRNA 11.52+4.97 82.78 £6.41° 96.45 +10.47°¢ 112.64 £21.55%¢
Foxp3/GADPHmMRNA 3.81+0.31 2.42+0.87° 1.56 +0.58"¢ 0.92 +0.63%¢
T-cell counts (flow cytometry)
Th17 (% of CD4+) 1.53+0.39 2.64+0.57° 3.63+1.01°4 3.74+£0.72°¢
Treg (% of CD4+) 10.61+2.62 1.124+0.92° 0.82 +0.53"4 0.39+0.07°¢
Th17/Treg ratio 0.20+0.07 2.4140.99% 4.49 +1.25¢ 9.97 £2.10°¢
Levels of cytokines (pg/mL) (ELISA)
IL-17 (pg/mL) 42.15+11.98 53.72 4+ 8.38° 55.70 +9.45" 63.76 +£8.52°¢
IL-10 (pg/mL) 14.43 £5.68 7.69 +4.20° 7.01£2.58" 3.67 +1.59°

TGF-B (pg/mL) 875.32+43.56

649.54 +28.64" 433.09+19.51>4 300.11+19.54%¢

Values are expressed as mean + SD. Differences between the values were determined using Student’s t-test.

2 p<0.05, group I versus group IL
b p<0.05, group I versus group III.
¢ p<0.05, group I versus group IV.
4 p<0.05, group Il versus group II.
€ p<0.05, group IV versus group III.

in Treg cells. The results showed that in the peripheral blood and
adenoid tissue, RORyt levels were higher in the OSA groups than in
the control group, and the differences in RORyt expression were
associated with adenoid size (Fig. 1A). Relative RORyt expression
in the peripheral blood of group I11(38.53 + 9.72) was higher than in
group II (28.01 £6.65) (p=0.048, p <0.05), and relative RORyt
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 Il (p = 0.028, p < 0.05), group Il (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 4+ 0.32, and the Th17/Treg ratios were
4.22 +1.82% and 7.52 £ 2.36 in group II and group III, respectively.
The Th17/Treg ratio in group IV was 13.21 4+ 4.25, which was
significantly higher than group I (p =0.007, p < 0.01) and group III

DOblood

@ adenoid tissue

group |

group Il group Il group IV

(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-3

The levels of IL-17, IL-10, and TGF-3 were detected in the four
groups using ELISA tests (Table 3). The cytokine values were
statistically analyzed, and we found that TGF- 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 Il and group IIl. IL-17 levels in group IV were
higher than in group I and group III. IL-10 levels from the adenoid
tissue in group Il and group Il 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).

4.5 7

3.5 4

25 ~

bd
blood

W adenoid tissue

Foxp3/GADPH
—_—

15 =

0.5 o

group | group Il group Il group IV

Fig. 1. Expression levels of RORyt in PBMCs from the peripheral blood and adenoid tissue. (A) RORyt/GAPDH mRNA ratios were compared between the four groups. (B) Foxp3/
GAPDH mRNA ratios were compared between the four groups.  p < 0.05, group I versus group II; ® p < 0.05, group I versus group II; € p < 0.05, group I versus group IV.

Please cite this article in press as: K. Ni, et al., Th17/Treg balance in children with obstructive sleep apnea syndrome and the relationship
with allergic rhinitis, Int. J. Pediatr. Otorhinolaryngol. (2015), http://dx.doi.org/10.1016/j.ijporl.2015.06.026



http://dx.doi.org/10.1016/j.ijporl.2015.06.026

G Model
PEDOT-7643; No. of Pages 7

K. Ni et al./International Journal of Pediatric Otorhinolaryngology xxx (2015) XXx—XXX

A P<0.01
18 P<0.05
A 1321125
16 P <0.01 "
A
|
14 A s
A gm
s 12 P<0.05 D) R
3 P<0.05 ..‘“:
<10 " e . a4
2 L ] [} A
E g a e -
¥ a 8 42182 0hd ue
E 6 2% 5 s] "w
~ B g as
~
- &® mao [ L] [}
E 4 ® gt 1
2 ©  P54:0.32 ." o
0 | Sefpes ©
group | group Il group 1l group IV

5
P<0.01
B P<0.05
14
A
a4 9.9742.10
12 pP<001
A A‘
v 10 4 A
% P<0.05 Y
4-'| 8 " A ‘A
2 <0 05 N
e 4.4911.25 A
g 6 .
5 S
z 4 s .'. ]
Bgid
2 Lty
0.20+0.07 @ =‘
oL i@ o
group | group Il group lll group IV

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.
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Fig. 3. TGF-B levels in the peripheral blood and adenoid tissue. The data represent the plasma TGF-f3 concentrations in the four groups. The data are expressed as the
mean =+ SD; ? p < 0.05, group I versus group II; ° p < 0.05, group I versus group II; ¢ p < 0.05, group I versus group IV; ¢ p < 0.05, group III versus group II; ¢ p < 0.05, group IV versus

group IIL.
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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 Il and group IIl. The data are expressed as the mean + SD; ¢
p < 0.05, group I versus group II; ® p < 0.05, group I versus group II; € p < 0.05, group I versus group IV; € p < 0.05, group IV versus group III.

4. Discussion

The newly discovered Th17 cells are a class of cells independent
of the Th1 and Th2 T cell subsets. Th17 cells express RORyt 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-3 and adjusting
the activity of effector T cells. Treg and Th17 cells have opposite
effects on autoimmunity and inflammation. Both can arise from
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TO 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 (ROR+yt), 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 Il and group Il (p < 0.05), as well as
the levels of RORyt 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 IIl, 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-3 to decrease,
which in turn is associated with OSA severity. Our results show
that the levels of TGF-3 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-3
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-[3, 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/Tregratio 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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Abstract

Objective: Obstructive sleep apnea hypopnea syndrome {OW}I is a serious sleep disorder that
occurs in children and can cause a variety of complications. This study aims to explore the role of the

Th17 to Treg cell ratio in children with OSAHS and its relationship with allergic rhinitis.

Methods: The study included 29 children diagnosed with chronic tonsillitis and the exclusion of
OSAHS and 104 children diagnosed with OSAHS by polysomnography (PSG) testing. The 104 children
with OSAHS were divided into the following groups: OSAHS with moderate adenoidal hypertrophy
(n=40], OSAmith severe adenoidal hypertrophy (n=33), and OSAHS complicated by allergic rhinitis
(AR) (n=31). We measured the number of Th17 and Treg cells, the levels of related serum cytokine in
cellular secretions, and the expression of key transcription factors in both peripheral blood and
adenoid tissa. The Th17 / Treg ratio was calculated and analyzed between ladifferent groups. The
numbers of Th17 and Treg cells were measured by flow cytometry; secreted IL-17, IL-10, and TG—B

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

Results: Compared with the control group, OSAHS children exhibited a significant increase in
peripheral Th17 cell number, Th17-related cytokine secretion (IL.-17), and RORyt mRNA levels,
whereas they exhibited a dease in Treg cell number, Treg-related cytokine secretions (IL-10, TGF-B)
and FoE‘nRNA levels. The Th17 / Treg ratio was higher (p <0.05) in the OSAHS groups than in the
control group. The Th17 / Treg ratio did not correlate with the size of the adenoids. We also foum
that the Th17 / Treg balance in OSAHS patients was complicated by allergic rhinitis; the increase was
significa nm rgerin the AR group (p<0.05) than in OSAHS groups without AR. These results were

observed in both the peripheral blood and local adenoid tissue.

Conclusion: Th17 / Treg ir“lance plays an important role in children with OSAHS. In children with
OSAHS of similar severity, the Th17 / Treg ratio was related to AR but independent of adenoid size.
Th17 / Treg imbalance may cause changes in the inflammatory cytokine microenvironment and
increase the risk of developing O5AHS. These results provide an alternative explanation for OSAHS
pathogenesis that warrants additional research and open new directions for the prevention and

treatment of OSAHS in children.

Keywaords: children, OSAHS, adenoidal hypertrophy, Th17 / Treg, allergic rhinitis




1. Intr:mion

Children with obstructive sleep apnea hypopnea syndrome (OSAHS) suffer from slmpnea and
ventilatory abnormalities caused by structural or functional abnormalities and the obstruction of the
upper airway. These abnormalities are accompanied by snoring, sleep disorders, frequent oxygen
desaturation, daytime sleepiness and other symptoms. The most common cause of OSAHS in
children is tonsil or/and 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 the stimulation of the inflammatory response
mtc 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 abnormal inflammatory
resporm'lav lead to delayed healing, causing adenoidal hypotrophy. The adenoids’ local immune
status is closely linked to the incidence of OSAHS. The synchronization of the inflammatory states of
both adenoids and peripheral blood of children with OSAHS can help us to understand the
pathogenesis of OSAHS.

Sleep is closely related to the body's immune system. Ganz [2] believed that sleep is
associated with immune function, and this relationship is partially based on the physiological basis of
sleep, slwrchitecture, the sleep-wake cycle, cytokines and the hypothalamic-pituitary axis. Many
immune functions are dependent on circadian rhythms and regular sleep. Many changes in immune
cells, particularly T cells, can cause sleep disorders. Over the past decade, scholars have begun to
focus research on subsets of T cells in OSAHS patients, including the Thl and Th2 cell populations.
Bollinger [3] found that there is a certain 24-hour rhythm of the regulatory T cells (Treg) and that
sleep deprivation seriously disrupts Treg cell funr.tiornlert [4] studied patients with Thl-type active
mode-based OSAHS, and Dyugovskaya [5] suggested that, compared with wakefulness, early
gurnal sleep induced a shift in the Thl / Th2 cytokine balance towards increased Thl activity;
however, the Th1 shift was only moderate and was replaced by Th2 dominance during late sleep (p
<0.05).

In recent years, Th17 and TT cell populations have also been discussed. Th17 cells are key
effectors in the immune response. Th17 cells expressing retinoic acid-related orphan receptor yt
(RORyt) pla\nitical roles in the development of auteimmunity and allergic reactions through IL-17
production. Treg cells expressing the forkhead/winged helix transcription factor (Foxp3) orchestrate
the overall imnm response and play a role in immune lBrance through contact-dependent
suppression or by regulating the activity of the effector T cells or releasing anti-inflammatory
kines, 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 OSAHS independent of age
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and gender. Jin Ye [8] found that the Th17 / Treg ratio wvated in patients with OSAHS and
positively correlates with AHI. Anderson [9] found that CD4 T cells are increased locally in the tonsils
of children with OSAHS, whereas CD8T cells are reduced, and that the Th17 cell population is
affected. Although these results maried and have produced no unified conclusion, it is clear that T
cell population imbalance, either Thl / Th2 or Th17 / Treg imbalance, is observed in patients with
OSAHS. This issue, however, requires further study and discussion.

Therefore, we hn designed a research study of preschool-aged children (3-6 years) to
sure the number of Th17 and Treg cells as well as the expression of related genes armwkines
in both peripheral blood and adenoid tissue. Our aims are to investigate the significance of the Th17
/ Treg ratio in children with OSAHS, 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 OSAHS.

2. Materials and Methods
2.1 Patient :'nforman‘
Children (ages 3 to 6 years) with OSAHS newly confirmed by overnight PSG were initially recruited
into the OSAHS group. Children diagnosed with chronic tonsillitis who underwent surgical treatment
and were excluded from a diagnosis of OSAHS by PSG were recruited as 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 enrollment. History of allergic rhinitis, asthma or other allergic diseases were recorded
for all children. Skin prick tests were performed to assess allergens, and fiber nasopharyngoscopy
was performed to assess adenoid size. Routine preoperative examinations were performed to
exclude surgical contraindications.

Based on the results of the fiber nasopharyngoscopy, adenoid size was classified into four
groups of differing degrees: level | (0-25% nostril blockage), level Il (26% -50% blockage), level 11l
ﬁb -75% blockage), and level IV (76% -100% blockage) [2]. According to the “chilm with
obstructive sleep apnea syndrome treatment guidelines" published in 2007 by the Wse Journal of
Otorhinolaryngology Head and Neck, a diagnosis of OSAHS iwblished when the obstructive
apnea index (AOI) is greater than 1 / hour or the obstructive apnea hypopnea index (AHI) is greater
than 5 times / hour and the lowest oxygen saturation is less than 92%.

The OSAHS children were divided into groups: the adenoid 11l group (moderate hypertrophy
group), adenoid IV group (severe hypertrophy group), and OSAHS + AR group (OSHAS children with
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concurrent allergic rhinitis). The control subjects were children with chronic tonsillitis who were
dergoing tonsillectomy and adenoidectomy after informed consent. Children in the control group
had an AHI uer than 5, no complaints of sleep apnea and no allergic rhinitis.

The study was approved by the Institutional Review Board of Shanghai Children’s Hospital.
The parents of all the children provided informed consent to take the children's blood and adenoid
tissue for research,
2.2 RORyt and Foxp3 expression determined by real-time quantitative PCR
Total RNMS 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 following 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 nidual 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 °C for 15 min followed by 5 sec at 85 °C. The primer pairs used are shown in Table 1.
The resulting cDNA was diluted with 10 pL ddH20 and froze at -20 °C. It could then be used for direct
2nd-strand cDNA synthesis. The recommended maximum volume of cDNA for use in PCR
amplificn‘on was 1 pL.

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 a negative control. All reactions were carried out in triplicate per

sample.

2.3 Flow cytometric analysis of Treg and Thi7 cells

2.3.1 Blood san“s and PBMC isolation

Three milliliters of peripheral blood (PB) samples were collected into collection tubes containing
sodium heparin. An enal volume of HBSS (Hank's balanced salt solution, pH7.2-7.4) was added to
the peripherﬁod; PBMCs were prepared by Ficoll-Hypaque density centrifugation and

resuspended at a density of 2 x 10° 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 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 g& FBS + RPMI-1640. Ficoll-Hypagque density centrifugation was used to

purify the PBMCs, and the PBMCs were suspended at a density of 1 x 10° cells/mL.

2.3.3 Cell culture
The PBMC suspension (2 x 10° cells/mL) was put into T25 flasks and 3 mL of media including PMA (50
ng/mL, Siga, USA), lonomycin calcium salt (1 pug / mL, Sigma, USA) and BFA (10 pg / mL) were
added. The incubator was set at 37°C under a 5% CO; environment for 4 h of culture.

Cultured cells in solution were subjected to human Th17 and Treg analysis“e experimental
procedure was performed in accordance with instructions from BD Inc. (560762)). Stained cells were
analyzed by flow cytometry using a FACScan flow cytometer (Becton Dickinson) equipped with the

CellQuest Pro 5.2 software (BD Biosciences, USA).

2.4 Detection of cﬁne levels

The plasma levels of IL-17, TGF-B1, and IL-10 were measured for the PBMC by enzyme-linked
immunosorbent assay (ELISA) following the manufacturer’'s instructions (ELISA kits).

2.5 Statistical analysis

Values in all tables and figures are expressed as the mean #standard deviation (SD). Statistically
significant differences between the values were determined 21 z Student’s t-test. 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). A P-
value less than 0.05 indicates significance.

3. Results

3.1 Basic characteristics of studied subjects

A total of 133 children were analyzed, with 40 in the OSAHS group with level Ill adenoids (moderate
hypertrophy group), 33 in the OSAHS group with level IV adenoids (severe hypertrophy group), 31 in
mDSAHS + AR group (OSHAS children with allergic rhinitis) and 29 in the control group. The

characteristics of the study population are shown in Table 2.




Preschool children of 3-6 years of age were enrolled, and no statistically significant
differences in age were found between the four groups (P > 0.05). Based on PSG monitoring, the AHI
and oxygen saturation of the control group were deemed normal. The AHIs of the OSAHS groups and
OSAHS + AR group were greater than 5, and the lowest oxygen saturations were below 92%. The
differences in AHI and oxygen saturation compa remth controls were more significant in the O5AHS
+ AR group than in the OSAHS groups without AR (p < 0.05). However, there was no significant
difference betweerne level lll-adenoid OSAHS group and the level IV-adenoid OSAHS group.

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

a" Expression of Foxp3 and RORyt mRNA in PBMCs from peripheral blood and adenoid tissue
RORyt is an important transcription factor for the differentiation of Th17 cells, whereas Foxp3 is the
master transmon factor in Treg cells. The results showed that in the peripheral blood and adenoid
tissue, RORyt levels were higher in the OSAHA groups than in the control group, and differences in
RORyt expression were independent of adenoid size (Figure lmelative RORyt expression in the
peripheral blood of the level IV adenoids group (32.50 + 9.83) was not significantly different than that
of the level 1ll adenoids group [3(61 + 11.32), and relative RORyt expression was 53.50 + 7.49 in the
OSAHS combined with AR group, significantly higher than that in control group (5.37 £ 3.19) and the
OSAHS groups. Furthermore, reIaE Foxp3 expression was reduced in the OSAHS groups and the
0SAHS combined with AR group (p < 0.05), but there was no significant difference between the two
OSAHS groups distinguished by adenoid size (Figure 1B).

3.3 Analysis of the Th17 cell population, Treg cell population andgtfa of Thi7 / Treg cells in the
peripheral b!oomi adenoid tissue

Compared with tlmntml group, the percentage of Th17 cells in the peripheral blood and adenoid
tissue was higher in the OSAHS groups, whereas the percentage of Treg cells was reduced. The Th17
/ Treg ratio in the OSAHS groups increased with adenoid size, whereasaa Th17 / Treg ratio did not
differ significantly between the level Il adenoids and level IV adenoids groups (p> 0.05). The Th17 /
Treg ratio in the peripheral blood from the control group was 0.05 + 0.32, and the Th17 / Treg ratios
in OSAHS groups without AR were 4.32 £ 1.94 and 4.71 £ 1.76 in the level - and level IV-adenoid
groupaespectively. The Th17 / Treg ratio in the OSAHS combined with AR group was 13.21 + 4.25,
which was significantly higher than the control group (p < 0.01) and the OSAHS groups witWR
(Figure 2A). We observed similar results from adenoid tissue; namely, the Th17 / Treg ratio was
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higher in the OSAHS groups than in the control group, and the increase was independent of adenoid
size but positively correlated with the co-diagnosis of AR (Figure 2B).

3.4 Concentrations of the related cytokin ﬂ_-l 7,IL-10, and TGF-68

The levels of IL-17, IL-10, and TGF-B were detected in normal controls anmAHS patients using
ELISA tests (Table 3). The cytokine values were statisticaaanalyzed, and we found that TGF-B levels
were significantly differentm:ng the four groups both in the peripheralm)d and adenoid tissue
samples (Figure 3). In both peripheral blood and adenoid tissue samples, IL.-17 and IL-10 levels
also significantly different between the OSAHS groups and the OSAHS with AR group. However, there
were no significant differences between the groups with different levels of adenoid hypertrophy

(level Il and level IV) (Figure 4A and B).

4. Discussion

The newly discovered Th17 cells are a class of cells independent of the Thl and Th2 T cell subsets.
Th17 cells express RORyt and mainly secrete interleukin-17A (IL-17A). Th17 cells are an important
class of effector T cells that regulate the body's fight against extracellumathogens while also
promoting the occurrence of autoimmune and inﬂammatmiseases, 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 imm lmmpressive function primarily through direct contact
“libition or by inhibiting the 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 TO
cell differentiation. T cell development is plastic and mutual differentiation may accndepending 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
niﬁcant number of CD4+Foxp3+ T cells that have the capacity to produce IL-17 upon a@tion.
In addition to the human Th1l / Th2 balance, the balance between Treg and Th17 cells [11] is critical
themml 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 cancn
inflammation, and autoimmune diseases [12-15]. Galon [16] suggested that an elevated Th17 / Treg
ratio may be a severe marker of autoiman disease, inflammatory disease, and allergic disease,
indicating that the equilibrium of different types omlune cells can be used to better predict
clinical prognosis in patients. In summary, because the Th17 fTregm') is significant in the
pathogenesis of disease, we studied the relationship of changes in the Th17 / Treg ratio in children
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with OSAHS with adenoid size and with co-diagnosis of allergic rhinitis. This research is based in a
clear fcmucn and has important clinical significance.

Our results sl'ared that children with OSAHS exhibited significant increases in Th17 cell
number and levels of Th17-related cytokines (IL-17) and transcription factors (RORyt) as well as
dramatic decreases in Treg cell nurﬁr and levels of Treg-related cytokines (TGF-f and IL-10) and
transcription factors (Foxp3) when compared with controls. The Th17 / Treg ratios were also
elevated in the OSAHS groups. These results were obtained for both the peripl'm blood and
adenoids. Further, the Th17 / Treg ratios were not dependent on adenoid size. We also found that
the Th17 / Treg ratio was also elevated in children with OSAHS combined with allergic compared with
OSAHS children without AR, and this difference was statistically significant. These positive results
suggest that the Th17 / Treg ratio is elevated in children with OSAHS and that elevm\ is higher with
co-diagnosis of allergic rhinitis. Therefore, we believe that the Th17 / Treg balance plays an
important role in the pathogenesis of OSAHS in children and may be a factor in OSAHS development
and / or a prognostic predictor in OSAHS patients.

As described above, sleep disorders impact the numbers and functions of human immune
cells [3], leading to changes in Treg and effector T cemarly experiments found [17,18] that in the
micro-environment of OSAHS patients, the elevation of the pro-inflammatory cytokines IL-17 and IL-6
and 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
thatlifies the proinflammatory response. In a study of OSAHS in adults [8], the Th17 / Treg ratio
was higher in the peripheral blood of patients with OSAHS and positively correlated with the severity
of OSAHS. Studies of children with OSAHS have also yiem some results. Kim [19] studied 47 cases
of children with OSAHS and found that the FOXP3 gene is more likely to display increased
methylation in children with OSAHS who exhibit increased systemic inflamnﬂw responses. FOXP3
DNA methylation levels 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
0OSAHS and these imbalances were chaaterized by Th17 cell dominance. Our study is consistent
with these conclusions. We found that in the perimal blood and adenoid tissue of children with
OSAHS, 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
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experienced a local inflammatory response under the influence of various inflammato@ctors. 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 ::onjuaion 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 microenvironment, and ultimately, this 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 tissue blocks the airway, causing apnea and hypopnea during sleep and resulting in OSAHS.
Furthermore, sleep disorders will affect the normal balance of Th17 and Treg cells, leading to a
persistent or worsenirﬂystemic inflammatory immune status. Thus, this mechanism explains our
findings regarding the Th17 / Treg ratio imbalances in both the peripheral blood and local adenoid
tissue.

The difference in the Th17 / Treg ratio between the level Ill adenoids group and the level IV
adenoids group was not obvious, possibly because cmen in these groups have OSAHS with similar
severity although they differ based on adenoid size. There was no significant difference between the
AHE'GIEK and lowest oxygen saturation (p > 0.05) between these two OSAHS groups, suggesting that
w severity of OSAHS was similar between the two groups. Previous studies have demonstrated that
the Th17 / Treg ratio positively correlates with the severity of OSAHS [8,19], and our results further
illustrate that absolute size itself does not affect the Th17 / Treg ratio. In other words, similar AHIs in
OSAHS result in similar effects on the Th17 / Treg ratio. Therefore, the Th17 / Treg ratios, which
reflect the systemic inflammatory immune status, can be used to assess the condition, but adenoid
size is not valuable to assess the condition or prognosis. Interestingly, the Ievmf cytokine TGF-p
differed with varying degrees of adenoid hypertrophy, suggesting that TGF-B may play an important
role in adenoid hyperplasia. This result may be useful for research in moidal pathogenesis.

Previous studies have demonstrated [16,20-23] that Th17 has an important role in the
pathogenesis of allergic rhinitis, and 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 havennwn [24] that adult OSAHS might trigger the development of autoimmune
phenomena. Under the circumstances, a higher Th17/Treg ratio may result in loss of tolerance and
regulation and ultimately a persiﬂlt, low-degree systemic inflammatory reaction characterized by
autoimmune or allergic diseases. We founcawat the Th17 / Treg ratio was also significantly increased
in patients with OSAHS and allergic rhinitis compared with the control group and the OSAHS groups
without allergic rhinitis. Therefore, we believed that the Th17 / Treg imbalance caused by AR and the
Th17 / Treg imbalance due to O5AHS disorder may mutually promote one another and cause further
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imbalance, which can lead to more obvious clinical symptoms. Therefore, regardless of which
pathological changes appear first, AR or OSAHS, both will cause cmes in Treg and Th17 cells,
leading to Th17 / Treg imbalance disorders, and this disorder will have a role in promoting the
development of other diseases. 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 OSAHS 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 OSAHS
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 study 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 OSAHS children. In cases of OSAHS with similar severity, changes in the Th17 / Treg ratio are
independent of adenoid size. The Th17 / Treg ratio is also elevated in OSAHS children with allergic
rhinitis to a greater extent than that observed in OSAHS patients without AR. These results provide
data to further study the pathogenesis of childhood OSAHS and adenocidal hypertrophy and provide

direction for research assessments, treatment of children with OSAHS, and disease prevention.
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Figure Legends
Figure 1: Expression levels of RORyt in PBMCs from peripheral blood and adenoid tissue are shown.
A: RORyt/GAPDH mRNA ratio was compared among four groups. B: Foxp3/GAPDH mRNA ratio was

compared among four groups.

Figure 2: The ratio of Th17/Treg increased in OSAHS patients compared with controls.
A: The ratio of Th17/Treg in the OSAHS groups and control group in PBMCs from peripheral blood.
B: The ratio of Th17/Treg in the OSAHS groups and control group in PBMCs from adenoid tissue.

Figure 3: TGF-B levels in peripheral blood and adenoid tissue.

The data represent the plasma levels of TGF-B concentration in the four groups (controls, level 111-
adenoid OSAHS group, level IV-adenoid OSAHS group, and OSAHS+AR group). TGF-B concentrations
were significantly lower in the OSAHS groups than in the control group, and the lower concentrations

positively correlated with the degree of adenoid hypertrophy.

Figure 4: L-17 and IL-10 concentrations in peripheral blood (A) and adencid tissue(B).
IL-17 concentrations were significantly higher in patients with OSAHS than in the in control group. IL-
10 concentrations were higher in the OSAHS and OSAHS +AR groups. The concentrations of IL-17 and

IL-10 were comparable between the two OSAHS groups without AR.
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Table 1: Primer sequences

G Pri Product Tm (°0)
1 r
ene rime ———- m
5- GGCTGTGGGCAAGGTCATCCCTG -3 67.62
GAPDH 101
5- GACGGCAGGTCAGGTCCACCACTG -3 68.96
5- GGCAGCCAAGGCCCTGTCGTCC -3 70.07
FOXP3 91
5- GGCTACCCCACAGGTGCCTCCGG -3 70.87
RORyt 5- GTGCCCACCACCTCACCGAGGCC -3 148 71.51

5- TAGGCCCGGCACATCCTAACCAGC -3

68.46
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Table 2: Baseline characteristics of study population

OSAHS

Variables

Controls Level Ill Adenoids Level IV Adenoids OSAHS+AR
Subjects, n 29 40 33 31
Age (years) 6.5122.42 5.62%4.20 4.86+7.21 5.50£3.98
AHI (episodes/h) | 1.07£1.56 6.95+4.24* 8.73x8.524 8.36£2.51§
Sa0; < 90%

95.01+3.46 85.33+11.70* 82.94+8.19% 83.56+12.54§
(96TST)

Values are expressed as the mean + SD.

#P < 0.05, Controls versus OSAHS with level |Il Adenoids;

#P < 0.05, Controls versus OSAHS with level IV Adenoids;

&P < 0.05, Controls versus OSAHS with AR
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Table 3: Summary of RT-PCR, flow cytometry, and ELISA results from peripheral blood in different
groups

Variables Kafisee] OSAHS OSAHS+AR

. Level IIl Adenoids Level IV Adenoids
mRMA expression of transcription factors (RT-gPCR)
RORyt/GADPH mRNA 5.3743.19 30.01£11,32* 32.50£9.83# 53.50£7.495%
Foxp3/GADPH mRNA 2.7242.34 1.0842.15* 1.25+1.984 0.21+0.98§%
T-cell counts (Flow cytometry)
Thi17 (% of CD4+) 0.9710.38 2.2410.54* 2770814 3.2421.078%
Treg (% of CDA+) 1.9110.56 0.61+0.28* 0.59+0.10# 0.2310.265%
Th17/Treg ratio 0.0520.32 4.3211.94* 4.71t1.76H 13.2124,255%
Levels of cytokines {pg/mL) (ELISA)
IL-17 {pg/mL) 1.5241.43 2.61+1.08* 3.06+2.058 4.66+1.925%
IL-10 {pg/mL) 53.87411.45 45.77:9.32* 42.47+10.35#4 31.67413.594%
TGF-B(pg/mL) 139.65+23.68 75.68+10.42* 44.21+12.738V  30.1149.36§°

Values are expressed as the mean + 5D.

*P < 0.05, Controls versus OSAHS with Level 1l Adenoids;

#P < 0,05, Controls versus OSAHS with Level IV Adenoids;

§P <0.05, Controls versus OSAHS combined with AR;

*P < 0.05, OSAHS combined with AR versus OSAHS with Level Il Adenoids and OSAHS with Level IV Adenoids;
P < 0.05, OSAHS with Level Ill Adenoids versus OSAHS with Level IV Adenoids
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Table 4: Summary of RT-PCR, flow cytometry, and ELISA results from adenoid tissue in different

groups

Variables Control 0OSAHS £ OSAHS+AR
Lewvel 111 Level IV
Adenoids Adenoids
mRMA expression of transcription factors (RT-
qPCR)
112.64421.55%
RORyt/GADPH mRNA 11.52+4.97 78.8249.23= 85.64412.544 .
Foxp3/GADPH mRNA 3.8142.31 2.21+4.10 1.9242.614 0.92+1.635%
T-cell counts (Flow cytometry)
Th17 (% of CD4+) 1.53+0.39 2.5340.58+ 2.9410.334 3.7410.728°
Treg (3% of CD4+) 10.61+2.62 1.13+0.47 1.09:0.074# 0.39+0.075§%
Th17/Treg ratio 0.20£0.07 2.49£1.01+ 2.7913.444 9.97+2.10§%
Levels of cytokines (pg/mL) (ELISA)
IL-17 {pgfmL) 42,15£11.98 54.6319.63+ 52.47+10.38# 63.7618.525%
IL-10 {pg/mL) 14.4345.68 8.66+4.01+ 7.3324.284 3.67413.595%*
875.32+435
TGF-fi{pg/mL) 6 611,34429.53+ 45065+18.43%V  300.1149,.365°

Values are expressed as the mean £50D.

*P < 0.05, Controls versus OSAHS with Level Il Adenoids;
#P < 0.05, Controls versus O5AHS with Level IV Adenoids;
&P < 0.05, Controls versus OSAHS combined with AR;

®P < 0,05, 0SAHS combined with AR versus OSAHS with Level |Il Adenoids and OSAHS with Level IV Adenoids;
P < 0.05, OSAHS with Level Ill Adenoids versus OSAHS with Level IV Adenoids
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