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Abbreviations
OME: Media of Effusion

MEE: Middle Ear Effusion

AOM: Acute Otitis Media

Highlights
1. There is an immune response in OME.

2. Treg/Th17 imbalances are found in OME patients and OME ani-
mal model. 

3. The pathogenesis of OME may be related to the phosphorylation 
of PI3K/Akt/mTOR signaling pathway.

4. It is preliminarily clarified that OME is related to the allergic im-
mune response.

Background
 Otitis Media of Effusion (OME) is a common multiple disease in 
E.N.T. Department, mainly manifested as Middle Ear Effusion (MEE) 
in the drum room. Generally, MEE can be diagnosed as OME after 
the Acute Otitis Media (AOM) lasts for at least 3 months or has been 
found to be asymptomatic during the specialist examination [1]. Al-
lergy has been reported to increase the incidence of OME by 2-4.5 
times compared with non-allergic people [2-3], and allergic inflam-
mation of the upper respiratory mucosa may involve in OME patho-
genesis [4], suggesting that there is a correlation between and allergy.
At present, the main causes of OME are mechanical obstruction of 
the eustaphylococcal tube, infection, and allergy, among which the 
mechanism of allergy is still debated. In recent years, according to the 
theory of “consistency of upper and lower respiratory tract inflamma-
tion”, “all parts of upper and lower respiratory tract are anatomically 
continuous, and inflammation is rarely confined to one part. In recent 
years, studies on OME pathogenesis have found that innate immunity 
plays a protective role in the middle ear. When inflammation occurs, 
this protective response is destroyed, resulting in immune imbalance 
of the middle ear [5,6]. An increasing number of studies [7-8] have 
shown that activation of downstream inflammatory signaling path-
ways caused by cellular immunity and some humoral immune fac-
tors is a contributing factor to OME, and is related to immune factors 
affecting lymphatic reflux, promoting luminal mucosa swelling and 
gland secretion, and thus leading to OME. The mechanism of Th17/
Treg cell-mediated immune response has become the focus of multi-
disciplinary research [8,9]. However, few studies on Th17 and Treg 
cells in OME have been reported. In this study, the role of T cells in 
OME pathogenesis and its significance were explored from the per-
spective that the immune response induced by Treg/Th17 imbalance 
may be the cause of OME.
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Abstract
Background:To assess whether secretory otitis media may be 
caused by immune imbalance of Treg/Th17 mediated by PI3K/Akt/
mTOR signaling, so as to find new therapeutic target.

Methods: IL-17, TGF- and IL-6, IL-10 cytokines were detected by 
ELISA. The expression of RORγT mRNA and Foxp3mRNA in PBMC 
was detected by RT-PCR. OME rat model was established and the 
changes of lymphocytes in middle ear mucosa and spleen and PI3K/
Akt/mTOR signaling in middle ear mucosa were detected by HE 
staining, IHC, WB and flow cytometry.

Results: The immune imbalance of Treg/Th17 in otitis media of 
effusion (OME) was confirmed by the expression of cytokines in 
OME serum and analysis of Th17 and Treg specific transcription 
respectively. OME rat model further confirmed that Treg/Th17 im-
balance could lead to OME as demonstrated by staining of middle 
ear mucosa and IHC. Compared with CON group, the expression 
of mTOR,Akt and PI3K proteins in the middle ear mucosa of OME 
group was significantly increased.

Conclusion: Treg/Th17 imbalances are found in OME patients and 
OME animal model and the pathogenic mechanism may be due to 

systemic abnormal immune response, activated PI3K/Akt/mTOR 
signaling, abnormal T cell differentiation, leading to middle ear mu-
cosal hyperemia, edema and subsequent occurrence of OME.
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Methods
Testing of clinical samples

Peripheral blood and middle ear effusion (MEE) from PATIENTS 
with OME (PC) and healthy volunteers (NC): Exclusion and inclu-
sion criteria: This study has been conducted from December 2019 to 
December 2020, and clinical specimens has been collected from Jan. 
2020 to May 2020.The 14 cases of OME patients (PC Group) were 
recruited to collect 2ml venous blood and MEE was collected from 
their middle ear. The 14 cases of healthy people (NC Group) who 
without obvious ear disease and systemic abnormal immune response 
to disease (after IgE and clinical symptom screening) were recruited 
to collect 2ml venous blood. There was no significant difference in 
the basic data between the two groups (P>0.05). The consent obtained 
from study participants was verba. Authors had not access to informa-
tion that could identify individual participants during data collection.
Peripheral blood mononuclear cells (PBMC) from the remaining 
blood were isolated by density gradient centrifugation and RNA was 
extracted from the harvested cells using TRIzol according to the man-
ufacturer’s instructions. CDNA was synthesized by Sangon Biotech 
(Shanghai, China) and amplified by QRT-PCR (Applied Biosystems, 
Foster City, California, US). The data were analyzed using relative 
gene expression methods and the GAPDH Ct values in the samples 
were standardized. Each sample shall be measured in triplicate.

Primer sequences used for PCR amplification are as follows:

Verification of OME animal models

Establishment of animal model: The SD rats were provided by 
Guangdong Medical Laboratory Animal Center, including 15 six-
week-old SPF female SD rats. All rats were fed in a laminar air-flow 
isolated feeding room, with a room temperature of 23-26℃, humid-
ity of 40%-60% and a 12 h dark/12 h light schedule. The rats cages, 
bedding and drinking water were sterilized under high temperature 
and high pressure; all rats were fed sterilized fodder to provide whole 
nutrition for 2 weeks prior to the initiation of any treatment.

 The OME rats model was established according to a previous 
study by Hardy et al. [10], which were modified slightly, as follows: 

 A random number table was used to assign seven eight-week fe-
male rats to the Model group (OME Group) and seven rats to the 
Control group (CON). Model group (OME Group) was intraperitone-
ally injected with 10mg Ovalbumin (Sigma-Aldrich, US) which was 
dissolved in 0.8ml PBS phosphate buffer (0.01M, pH7.4) plus 5.14mg 
aluminum hydroxide gel adjuvant, once a week for 2 weeks. 2 weeks 
after receiving chloramine (100 mg/ml)+stability (5 mg/ml) by intra-
peritoneal injection of 2:1 mixture (3 ml/kg) depth of anesthesia, the 
supine position, under the operating microscope is equal to the lev-
el of hyoid, a crosscutting was done for separation of hyoid scapula 
muscle and hyoid bone muscle to expose double ear, bubble bottom 
wall respectively, aseptic technique was used to trace syringe. OVA  

2 mg of 50 uL PBS liquid was injected into bilateral listen to bubble, 
which is ear stimulating stage (before injection, about 2 mm hole was 
made from the injection site to balance the middle ear cavity injec-
tion pressure and prevents the tympanic membrane rupture). Gelatine 
sponge was inserted to prolong OVA duration. After injection, 2 small 
holes were sealed with bone wax, which was the intraaural stimu-
lation stage. Control group (CON) was sensitized with PBS. Intra-
muscular injection of penicillin prevented bacterial infection before 
stimulation. After the operation, animals were feeding in cages in a 
clean environment. Two days latter, the animals were anesthetised by 
intraperitoneal injection of ketamine injection 75mg/kg diazepam in-
jection 5mg/kg and atropine injection 0.2mg/kg. After tissue samples 
were obtained, they were sacrificed by cervical vertebra dislocation. 
The researchers did not know the allocation of groups when eval-
uating the results. All animals were treated in accordance with the 
guidelines for the use of experimental animals which were approved 
by the Animal Care and Use Committee (IACUC) (the Ethnic Com-
mittee of Shenzhen Longgang E.N.T Hospital). The approval number 
is 2019-1201.

General observation of animals: After anesthesia, the two eardrums 
of each group were observed under the ear endoscope, then the heads 
were severed, and bilateral auditory vesicles were removed rapidly. 
The mucous membrane and effusion in the drum chamber were ob-
served under anatomical microscope. 

Detection of middle ear tissues: The right auditory vesicles were 
isolated, fixed, decalcified and embedded according to conventional 
methods, and the expression of RORγT and FOXP3 was assessed by 
histological sections and immunohistochemical staining.

Flow cytometry analysis: PBMC was extracted from OME and CON 
rat spleen using rat lymphocyte separation solution (Solarbio Science, 
Beijing, China), and T cells were sorted by flow cytometry. To detect 
Treg cells, PBMC stained with eZFluorTM anti-human CD4-FITC 
and CD25-APC mixture, and incubated with an effective fixation/
permeation solution. According to the manufacturer’s instructions 
(Thermo Fisher, Waltham, Massachusetts, US), intracellular staining 
was performed with anti-human FOXp3-PE or rat IgG2a K isotype 
control PE. To evaluate Th17 cells, PBMC was stimulated for 5 hours 
in a complete medium (supplemented with 10% FBS and 200 mM 
L-GLN RPMI 1640) and then incubated with FITC, an anti-human 
CD4-FITC, or mouse IgG1 K isotype control, and then with an ef-
fective fixative/permeable solution and permeable buffer. According 
to the manufacturer (Thermo Fisher, Waltham, Massachusetts, US), 
intracellular staining was performed with anti-human IL-17A-PE or 
mouse IgG1 K isotype control PE. FACSCalibur flow cytometry (BD 
Biosciences, US) was used for analysis and CellQuest software (BD 
Biosciences, Franklin Lakes, NJ, US) analyzed data.

Western blot: The OME and CON groups of auditory vesicle middle 
ear mucosal tissues were homogenized on ice for protein extraction 
which was then quantified using BCA kit (Thermo Fisher, Waltham, 
Massachusetts, US) and standardized to 2 g/uL protein density fol-
lowed by western blot analysis.The ECL chemiluminescence detec-
tion system was used to visualize protein bands. The protein expres-
sion was standardized to GAPDH.

Statistical Analysis
 Data are expressed as the means ± standard deviation. The SPSS 
22.0 software was used to perform the statistical analyses of the data, 
and a single-factor analysis of variance was used to determine the 
significance of differences between groups.

Foxp3 forward GGGTAGCCATGGAAACAGCA

Foxp3 reverse TCGCATGTTGTGGAACTTGAAGTAG

RORγt forward CTGCAAGACTCATCGCCAAAG

RORγt reverse TTTCCACATGCTGGCTACACA

GAPDH forward CCTGCACCACCAACTGCTTA

GAPDH reverse GGCCATCCACAGTCTTCTGAG
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Results
Treg/Th17 imbalance was found in peripheral blood and 
middle ear of OME patients (PC group)

 We collected middle ear effusion from 14 OME patients (PC) with 
underlying allergic disease and peripheral blood from 14 healthy vol-
unteers (NC). The concentrations of TGF- /IL-10 and Th17 marker 
cytokine IL-17/IL-6 in serum were measured by ELISA. Compared 
with NC group, the level of IL-6 (IL-6:18.79 ± 3.35 vs. 23.59 ± 0.57 
pg/ml) and IL-17 (IL-17:7.62 ± 1.96 vs.1.51 ± 0.47 pg/ml) in PC 
group was significantly higher (P<0.001) (Figure 1A-1B); However, 
level of IL-10 (1.63 ± 0.38 vs. 3.93 ± 0.43pg /ml) and TGF- (17.94 
± 3.01 vs.62.04 ± 2.65pg/ml) was decreased in PC group (P<0.001) 
(Figure 1C-1D). The levels of IL-6(45.95 ± 5.18 vs.18.79 ± 3.35) and 
IL-17(18.61 ± 1.21 vs.7.62 ± 1.96) in PC group were significantly 
higher than that of the peripheral serum (Figure 1A-1B). In PC group, 
the levels of cytokines IL-10 (0.48 ± 0.41 vs.1.62 ± 0.38) and TGF-β 
(7.43 ± 1.81 vs.17.94 ± 3.01) were decreased (P<0.001) (Figure 1C-
1D). The above results suggest that the pathogenesis of OME is not 
only the local allergy of the middle ear, but also the systemic allergy. 
The abnormal immune response affects the differentiation direction of 
T cells, resulting in imbalance of Treg/Th17 and finally the local stim-
ulation in the middle ear, which may be one of the causes of OME.

The expression of RORγt mRNA and Foxp3mRNA in 
PBMC of PC group was different from NC group

 The expression of RORγt mRNA and Foxp3 mRNA in PC group 
and NC group were detected by PCR and showed increased levels in 
PC group (P<0.05) (Figure 2A-2B). Foxp3 mRNA expression in PC 
group was lower than NC group (P<0.05) (Figure 2B). In addition, 
OME patients had systemic sensitization caused by Treg/Th17 imbal-
ance, which may create conditions for local excitation of the middle 
ear.

Abnormal immune response in OME animal model

Endoscopic and histological observation of the middle ear: Un-
der endoscopy, the eardrum of CON group was transparent without 
obvious effusion in the drum room. In OME group, the eardrum was 
orange, turbidized and thickened, with obvious effusion in the drum 
chamber (Figure 3A-3F). HE staining showed that the tympanum cil-
iated mucosal epithelium in the control group was thin, scattered in 
goblet cells, and there was no obvious inflammatory cell infiltration 
in the lamina propria. The mucosal layer of the experimental group 
was thickened, with local congestion, tissue edema, glands dilated, 
eosinophil aggregation of plasma cells, increased goblet cells and hy-
perchromatic nuclei (Figure 4A-4B). The above experiments demon-
strate the success of OME modeling.

Figure 1: Detection of expression levels of target cytokines by middle ear 
effusion, peripheral blood serum of PC group, and peripheral blood serum 
of NC group A: expression level of IL-6;B: Expression level of IL-17A;C: 
Expression level of IL-10;D: TGF- expression level.(*P<0.05, **P<0.01, 
***P<0.001, ****P< 0.0001).

Figure 2 A: Expression of RORγt mRNA, A specific transcription factor, 
in PC and NC peripheral blood. B: There were statistically significant dif-
ferences in the expression of specific transcription factor FOXP3 mRNA 
between PC and NC peripheral blood (P <0.05).

Figure 3 A: Exposing the auditory vesicle from the horizontal incision of 
hyoid bone; B: drilling the weakest part of the auditory vesicle; C: Inject-
ing A sterile solution containing OVA 2mg into the hole with A microsy-
ringe, and then sealing it off with A sterile gel sponge; D: Before modeling, 
observe the eardrum under A microscope for no hyperemia, swelling, or 
abnormalities in each mark; E: Acute congestion of the eardrum was ob-
served under the microscope on the first day after modeling, and part of it 
was full. F: The congestion of tympanum was reduced, plump and orange 
under the microscope on the second day after modeling.
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The expression of Treg/Th17 specific transcription factors 
(FOXP3 and RORγt) is imbalanced: IHC staining showed that 
FOXP3 in OME and CON group middle ear mucosa were differen-
tially expressed and RORγt was stained pale yellow with different 
expression in OME and CON group. OME group showed RORγt an-
tigen expression in the cytoplasm and capsular, tan, sediment samples 
with higher positive cells rate than CON group (Figure 5A and 5C). 
FOXP3 antigen was expressed in the cytoplasm and envelop of the 
middle ear mucous membrane in OME group and the positive cell rate 
was weaker than CON group (Figure 5B and 5D).

Flow cytometry detection revealed an imbalance of Treg/
Th17 in the OME animal model:

 Flow cytometry detection revealed that the Treg proportion was 
3.57 ± 0.66% in OME group and 14.99 ± 2.49% in CON group. 
The proportion of Th17 in the OME group was 12.17 ± 1.90%, and 
the proportion of Treg in the CON group was 3.29 ± 0.49% (Figure 
6A-6E). The above results indicated that the initial T cells in OME 
group showed a decreased tendency to differentiate into Treg and an 
increased tendency to differentiate into Th17. Further analysis found 
that Treg/Th17 ratio of CD4 T cells in OME group was decreased, 
while Th17 ratio of CD4 T cells was increased, and Treg/Th17 ratio 
was decreased, indicating Treg/Th17 imbalance in OME.

Figure 4 A: HE staining of the middle ear mucosa of the experimental 
group under 200x microscope; B: The middle ear mucosa of the exper-
imental group was stained by HE under 400 times microscope. C: The 
middle ear mucosa of the control group was stained with HE under 200x 
microscope. D: The middle ear mucosa of the control group was stained by 
HE under 400 times microscope.

Figure 5 A: RORγt expression in the experimental group; B: FOXP3 ex-
pression in the experimental group; C: RORγT expression in the control 
group; D: FOXP3 expression in the control group.

Figure 6: After successful modeling, CON and OME rats were sacrificed, 
spleen was collected, and Treg and Th17 cell frequencies in spleen were 
analyzed by FCM. A was the representative flow cytometry pattern of 
CD4, CD25 and FOXP3 staining of Treg cell frequencies in the spleen 
of CON and OME rats. B was the representative flow cytometry figure of 
CD3, CD4 and IL-17 staining of Th17 cells in CON and OME spleen.B 
was the typical flow cytometry figure of Th17 cells staining. C is the his-
togram of proportion of Treg cells to CD4+ in spleen of rats in the two 
groups. D is the histogram of the proportion of Th17 cells to CD4+ in 
spleen of rats in the two groups. E is a histogram of the ratio of Treg to 
Th17 cells in the spleens of the two groups of rats.(*P<0.05, **P<0.01, 
***P<0.001, ****P< 0.0001).
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OME animal model showed activated PI3K/Akt/mTOR signal-
ing: Western Blot detection of PI3K/Akt/mTOR pathway related 
protein expression (Figure 7A-7B) showed that compared with CON 
group, OME group had significantly increased p-mTOR and p-PI3K 
protein expression, suggesting that under the stimulation of allergens, 
phosphorylation of PI3K and mTOR occurs locally in the mucosa of 
the middle ear, and the PI3K/Akt/mTOR pathway is activated, result-
ing in the imbalance of Treg/Th17 and the local immune response of 
the middle ear.

 Each experiment was replicated 3 times and an indication of the 
extent of variation was no significant statistical difference from exper-
iment to experiment (P>0.05).

Discussion
 At present, the mechanism of immunity and allergy in OME 
pathogenesis is still controversial. Yellon et al. [11] first detected IL-
1, IL-2, TNF-, INF-and IL-6 in middle ear exudate of children with 
chronic OME and found the incidence was 51%, 54%, 63%, 19% and 
36%, respectively. Doyle WJ [12] found that Ⅰ type such as allergy, 
Th2 cytokines and cell infiltration is likely to be the main cause of 
OME persist. Sobol et al. [13] found that Th2 cytokines IL-4, IL-5  

and eosinophils were significantly higher than those with negative 
skin tests in the OME middle ear effusion with positive allergens.

 Treg cell transcription factor is Foxp3, which mainly secretes cy-
tokines such as TGF- and IL-10, and Treg cells participate in immune 
pathogenesis [6,7,9]. Th17 transcription factor is RORγt mainly se-
creting IL-17A-F and IL-6 series cytokines, which plays a physio-
logical role in allergic and autoimmune diseases. IL-17 levels were 
significantly increased in rheumatoid arthritis, asthma and other im-
mune diseases [6,9]. We found increased level of Th17 and inflamma-
tory factor IL-6 and reduced Treg cells factor TGF–beta and IL-10 in 
OME.

 In addition, RORγt/Foxp3 equilibrium also determines the direc-
tion of initial T cell differentiation toward Th17 or Treg cells [7]. In 
this study, the expression of RORγt was increased in PC group and 
decreased in NC group. However, Foxp3 expression was decreased in 
PC group and increased in NC group. In OME model group in middle 
ear mucosa, RORγt has a strong positive expression and Foxp3 ex-
pression has a weak positivity, suggesting RORγt/Foxp3 imbalance, 
further illustrating the whole body and middle ear local Treg/th17 
balance in the process of occurrence and development of OME. Like 
other autoimmune diseases, middle ear mucosa as an extension of the 
upper respiratory tract mucous membrane, membrane layer of epithe-
lium contains a lot of mucus glands, middle ear mucosa by antigen 
stimulation and called out ditto mucous membrane, organs become 
immune activity. Middle ear effuents in patients with OME with aller-
genic factors do not clear normally and may not be caused by initial 
viral/bacterial infection, but by circulating mast cells, eosinophil, etc., 
migrating to the site of inflammation to act on them and trigger a 
programmed immune response-”local allergic immune response”-to 
allergen stimulation [14].

 HE staining of OME animal models showed that middle ear mu-
cosa local buoyed by allergen, middle ear mucosa thickening, local 
hyperemia, tissue edema, glands expansion, plasma cells, eosinophil 
gathering, and the upper and lower respiratory tract after the allergen 
stimulation have the same immune response, middle ear organs be-
come an immune activity. Regarding this, in the experiment of animal 
model of peripheral blood flow OME cytology, OME were also found 
in the rat model of spleen lymphocytes with negative correlation Treg 
and Th17 cells, so we speculated that the body state of sensitization 
may be easy to stimulate the important factors that cause middle ear 
mucosa, among them, the IL-6 is a motivating factor with many bi-
ological activities. In the absence of IL-6, TGF- induces FOXP3 ex-
pression, which binds to RORγT and blocks its function, leading to 
the transformation of naive T cells into Treg. However, in the pres-
ence of IL-6, it eliminates the inhibition of FOXP3 on RORγt, leading 
to the conversion of naive t cells into Th17 cells [15]. This explains, 
on the one hand, the increased levels of IL-6 in middle ear effusion 
and peripheral blood in OME patients.

 There are more and more evidence that on allergy treatment ap-
plied to OME aspects, this is different from the traditional upper re-
spiratory tract (nose, sinuses, nasopharyngeal), located at the side of 
the respiratory tract (eustachian tube and middle ear tympanic cavity) 
allergic inflammation and also there are links, such as OME and the 
relationship between the AR epidemiology, anatomy, immunization 
and pathophysiology [16].

 In addition, we verified the presence of PI3K/Akt/mTOR sig-
naling pathway in OME, which affects T cell differentiation.  

Figure 7: Expression of PI3K/Akt/mTOR pathway related proteins in the 
middle ear mucosa of the OME and CON groups.
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Mammalian Target of rapamycin (mTOR) is a highly conserved ser-
ine/THR kinase that is activated and participates in the regulation of 
T cell growth, proliferation and differentiation under the action of glu-
cocorticoids, nutrients (glucose, fatty acids, etc.) and various stressors 
[17].

 An increasing number of studies have found that mTOR plays an 
important role in the development of a variety of autoimmune diseas-
es by breaking the Thl7/Treg balance, such as Systemic Lupus ery-
thematosus (SLE) and rheumatoid Arthritis (RA). In the experimen-
tal autoimmune encephalomyelitis (EAE) mouse model, rapamycin 
was shown to inhibit Thl7 cell differentiation by blocking the mTOR/
STAT3 signaling pathway [18]. The Mtorc1 inhibitor rapamycin in-
hibits IL-17 and promotes Foxp3 expression, thereby selectively 
amplifying Treg cells and enhancing their stability and anti-inflam-
matory ability [19-20]. Compared with CON, OME middle ear mu-
cosa had increased expression of PI3K/Akt/mTOR pathway marks, 
indicating activation of this signaling pathway, leading to inhibition 
of Treg cells differentiation and amplification, Treg/Th17 imbalance, 
and subsequent middle ear local immune response. However, the spe-
cific mechanism of Treg reduction in OME and its interaction with the 
TPI3K/Akt/mTOR signaling pathway remains to be further studied. 
These results indicate that the activation of PI3K/Akt/mTOR signal-
ing pathway may partially inhibit the differentiation of Tregs, thus 
changing the Thl7/Treg ratio.

 This study has some limitations because of ethical limitations in 
obtaining middle ear mucosa and spleen tissue in OME patients and 
healthy individuals. Therefore, we established the OME rat model 
to compensate for local tissue detection and T cell detection in the 
spleen.

Conclusion

 We found that the imbalance of the thl7/Treg may be one of the 
important link of OME and the classic PI3K/Akt/mTOR signaling 
pathway may be involved in regulating T cell differentiation. Our 
study provides new insights into the etiological mechanisms of im-
munity and allergy with OME. In addition, mTOR inhibitors have 
been used to study the treatment of autoimmune diseases such as RA 
and SLE [21,22]. Therefore, mTOR targeted therapy is expected to be 
a novel approach to treat OME in the future.
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