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Abstract. The present study aimed to explore the role of 
TGF‑β1‑mediated epithelial‑mesenchymal transition (EMT) 
in the pathogenesis of tympanosclerosis. Sprague Dawley rats 
were injected with inactivated Streptococcus pneumoniae 
suspension to establish a rat model of tympanosclerosis. The 
rats were sacrificed 8 weeks after the model was established. 
H&E and von Kossa staining was used to observe the morpho‑
logical changes of middle ear mucosa. Western blotting was 
used to detect the expression of TGF‑β1 and EMT‑associated 
proteins in the mucosa samples. Middle ear mucosal epithelial 
cells of rats were collected to establish a primary culture. The 
cultured cells were stimulated with TGF‑β1 and the expres‑
sion of EMT‑associated proteins was detected by western 
blotting and immunofluorescence. In addition, the cells 
were treated with TGF‑β receptor type I/II inhibitor and the 
expression level of EMT‑associated proteins was detected 
by western blotting. Sclerotic lesions appeared on 72.4% of 
tympanic membranes, and marked inflammation, inflamma‑
tory cell infiltration and fibrosis were found in the middle 
ear mucosa of rat models of tympanosclerosis. In middle 
ear mucosa of rats with tympanosclerosis, the expression of 
mesenchymal cell markers increased and that of epithelial cell 
markers decreased compared with the control group. TGF‑β1 

stimulated the activation of the EMT pathway in middle ear 
mucosal epithelial cells, resulting in an increased expres‑
sion of fibronectin and N‑cadherin. In addition, a decreased 
expression level of EMT‑associated proteins was observed 
when TGF‑β1 was inhibited. In conclusion, the present study 
indicated that TGF‑β1‑mediated EMT may play an important 
role in the pathogenesis of tympanosclerosis.

Introduction

Tympanosclerosis is an irreversible pathological change in 
the tympanic membrane and mucosa of the middle ear due 
to prolonged chronic inflammation (1). This condition can 
damage the auditory ossicles and block hearing conduction. 
Patients may suffer from hearing loss, otorrhea, tinnitus and 
other adverse symptoms that affect the quality of their lives (2). 
The etiology of tympanosclerosis merits further study. Chronic 
inflammation of the middle ear has been widely acknowledged 
by otologists as the etiology of tympanosclerosis (3). In chronic 
suppurative otitis media, the incidence of tympanosclerosis is 
35.64% (4). In addition, 35.7% of patients develop tympano‑
sclerosis after being treated for secretory otitis media with 
myringotomy and ventilation tube insertion (5). High incidence 
and severe clinical symptoms negatively affect the quality of 
life of patients. Therefore, the pathogenesis of tympanoscle‑
rosis must be explored to strengthen the early intervention and 
develop new treatment methods.

TGF‑β is the main regulator of inflammatory responses. 
It can control the initiation and regression of inflammation by 
regulating chemotaxis and activity of inflammatory cells, such 
as macrophages and granulocytes (6). Previous studies have 
shown that TGF‑β can promote not only matrix deposition and 
tissue repair after tissue injury but also the development of 
inflammation, and induce abnormal collagen deposition and 
fibrosis under inflammatory conditions (7,8). As one of the 
three subtypes of TGF‑β, TGF‑β1 is an important cytokine 
and one of the essential transmitters that induce inflammation 
and fibrosis (9). Melhus et al  (10) found that high TGF‑β1 
expression in secretory otitis media in rats can increase 
fibrinogen in the middle ear mucosa and induce fibroid degen‑
eration in the tympanic membrane. Guo et al (11) revealed 
that the expression of TGF‑β1 was increased in middle ear 
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mucosa by tympanosclerosis model, and its expression was 
positively correlated with the course of tympanosclerosis. The 
mechanisms and signaling pathways of TGF‑β1 involved in 
regulating the occurrence and development of otitis media 
and tympanosclerosis caused by nonhealing require further 
investigation.

TGF‑β1 is also an important inducer of EMT (12). EMT 
refers to the process of epithelial cells transforming into 
mesenchymal cells during normal physiological development 
or in a pathological state. EMT is divided into three subtypes, 
among which type  II EMT is involved in inflammation, 
tissue regeneration, wound healing, and organ fibrosis (13,14). 
Existing literature recognized that TGF‑β1‑mediated EMT 
plays an important role in the development of chronic inflam‑
mation to fibrosis (15). A previous study has confirmed that 
EMT regulates the progression of mastitis to mammary 
fibrosis through the TGF‑β1 signal pathway  (16). Some 
scholars also revealed that airway inflammation during asthma 
could induce increased secretion of TGF‑β1 and promote the 
occurrence of EMT in the airway, eventually leading to airway 
remodeling (17). Numerous studies have been performed to 
investigate the signaling pathways of TGF‑β1 that may regu‑
late EMT. Some scholars reported that TGF‑β1 mediates the 
snail signaling pathway in EMT and snail is a key target of this 
pathway (18,19). A previous study on liver fibrosis has shown 
that using corresponding drugs to inhibit the gene expression 
levels of TGF‑β1 and snail could reduce the expression of 
fibronectin in hepatocytes and block the process of EMT (20). 
TGF‑β1 is a key factor in promoting tympanosclerosis; 
however, to the best of our knowledge, TGF‑β1‑mediated EMT 
in the pathogenesis of tympanosclerosis has not been previ‑
ously investigated.

The aim of the present study was to detect the expres‑
sion levels of EMT‑associated proteins in an animal model 
and a primary cell culture, and to explore the mechanism of 
TGF‑β1‑mediated EMT in tympanosclerosis.

Materials and methods

Materials. A total of 40 male Sprague Dawley rats (weight, 
200‑220 g; age, 8 weeks) were purchased from Jinan Pengyue 
Experimental Animal Breeding Co., Ltd. All rats had a quality 
certificate (license no. 1107261911003742) for experimental 
animals. Animals were housed at a temperature of 23±2˚C, 
a humidity of 50% and a 12/12 h light/dark cycle with free 
access to rat chow and water. Adaptive feeding for 1 week was 
necessary before modeling, and the absence of abnormalities 
of the external auditory meatus and the tympanic membrane 
of the rats was confirmed. A total of 30 rats were used to 
establish animal models and 10 were used to harvest cells for 
the primary cell culture. Animal health and behavior were 
monitored daily and animal welfare was in compliant with 
requirements of the Animal Welfare Act (21). This study was 
approved by the Medical Ethics Committee of the Affiliated 
Yuhuangding Hospital of Qingdao University, [Yantai, China; 
approval no. 2018 (135)], and experiments were conducted 
according to the Guidelines for Animal Experimentation of 
the Qingdao University.

A standard strain of Streptococcus pneumoniae (49619™; 
American Type Culture Collection) was provided by the 

microbiology laboratory of the Affiliated Yuhuangding 
Hospital of Qingdao University. Recombinant human TGF‑β1 
protein (cat.  no.  ab50036), and rabbit polyclonal β‑actin 
(cat. no. ab8227), rabbit polyclonal TGF‑β1 (cat. no. ab92486), 
rabbit polyclonal fibronectin (cat.  no.  ab2413), mouse 
monoclonal E‑cadherin (cat. no. ab1416), rabbit polyclonal 
N‑cadherin (cat.  no.  ab18203) and goat polyclonal snail 
(cat. no. ab53519) antibodies were purchased from Abcam. 
Rabbit anti‑mouse (cat.  no.  ab6728) and goat anti‑rabbit 
(cat. no. ab205718) HRP‑conjugated secondary antibodies were 
obtained from Abcam, and rabbit anti‑goat HRP‑conjugated 
secondary antibody (cat. no. bs20005) was obtained from 
Absin Biotechnology, Inc.H&E (cat.  no.  G1120‑3) and 
von Kossa (cat.  no.  G3282‑2) staining kits were obtained 
from Beijing Solarbio Science & Technology Co., Ltd. The 
BCA protein assay kit (cat. no. PC0020), RIPA lysis buffer 
(cat. no. R0020) and SDS‑PAGE loading buffer (cat. no. P1040) 
used for western blotting were also from Beijing Solarbio 
Science & Technology Co., Ltd. Rabbit polyclonal vimentin 
antibody (cat.  no.  AF7013), goat anti‑rabbit IgG (H+L) 
Fluor594‑conjugated secondary antibody (cat. no. S0006) and 
enhanced chemiluminescence (ECL) reagent (cat. no. K002) 
were from Affinity Biosciences. TGF‑β receptor type  I/II 
inhibitor (LY2109761) was from MedChemExpress.

Animal experiments. Before modeling, the standard strain 
of S. pneumoniae was selected to 5% sheep blood agar plate 
(BioMerieux SA) and cultured in a CO2 incubator at 35˚C for 
24 h. The concentration of S. pneumoniae was adjusted to 
1x108 CFU/ml using a type 721 spectrophotometer. Thereafter, 
an Eppendorf tube containing S. pneumoniae was heated using 
a 65˚C metal bath (GT120S; Leopard Scientific Instruments 
(Beijing) Co., Ltd.) for 30 min to deactivate the bacteria. The 
heated bacterial suspension was inoculated on blood agar 
medium. When no bacterial growth was found via culture 
at 37˚C for 24 h, the suspension was kept for modeling use.

Under sterile conditions, all rats were anesthetized intra‑
peritoneally with pentobarbital (30 mg/kg; NAF Apotek, Oslo). 
Subsequently, a syringe needle was inserted into the anterior 
inferior quadrant of the tympanic membrane of the right ear 
using an otomicroscope (Haag‑Streit; Moller‑Wedel Optical 
GmbH), and 50 µl of the inactivated S. pneumoniae suspen‑
sion was injected. The left ear was not treated. Otomicroscope 
observation was performed every three days within two weeks 
after injection of S. pneumoniae, and every seven days after two 
weeks. The duration of the animal experiment was 8 weeks. A 
total of 8 weeks after modeling, the tympanic membrane of all 
rats was observed under the otomicroscope. Tympanosclerosis 
is defined as the formation of obvious turbid or white plaques 
on the tympanic membrane (22).

After otomicroscopic observation, the rats with sclerotic 
plaques on the tympanic membrane of the right ear were 
euthanized and the tympanic bullae in the left and right ears 
were removed. Rats were euthanized when they survived until 
8 weeks after modeling or if they reached a humane endpoint. 
Euthanasia was performed via an overdose of sodium pentobar‑
bital, as per the recommendations established by the American 
Veterinary Medical Association Panel on Euthanasia  (23). 
Death was verified by cardiorespiratory arrest and disappear‑
ance of various reflexes. The middle ear mucosae of the right 
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and left ears were used as experimental and control groups, 
respectively. In total, 4/5 of the middle‑ear mucosa of all model 
rats was collected under the otomicroscope and immediately 
frozen at ‑80˚C for western blot analysis. The remaining 1/5 
was fixed overnight in 5%  paraformaldehyde solution at 
room temperature and decalcified with 10% EDTA solution 
for histological evaluation. After decalcification, the samples 
were dehydrated with an ascending alcohol series, embedded 
in paraffin wax, cut into thin sections (5‑µm thick), and 
sequentially mounted on glass slides. Finally, the sections were 
stained in accordance with the manufacturer's instructions for 
H&E staining kit and von Kossa staining kit, respectively.

Cell culture. Primary culture of middle ear epithelial cells 
was performed, as previously described (24,25). Cells were 
maintained in RPMI‑1640 media supplemented with 5% fetal 
bovine serum and 1% penicillin/streptomycin. After counting, 
the cell concentration was adjusted to 5x105/ml, seeded into a 
12‑well plate and cultured at 37˚C with 5% CO2 for 48 h. The 
culture medium was subsequently replaced with or without 
20 ng/ml TGF‑β1, a dose based on previous research (26). 
After 48 h treatment with or without TGF‑β1 at 37˚C, the cells 
were collected for subsequent experiments.

For inhibition of the TGF‑β1 pathway, primary cells 
were inoculated on the 12‑well plate (5x105/ml) again. After 
culture at 37˚C with 5% CO2 for 48 h, cells were treated with 
10 µmol/ml LY2109761 at 37˚C for 6 h. Subsequently, the 
medium with LY2109761 was removed, and the new medium 
was replaced and treated with TGF‑β1 at 37˚C for 48 h, then 
the cells were collected for sbubsequent experiments.

Morphological observation and calcium evaluation. The 
paraffin‑embedded sections were heated at 65˚C for 1 h and 
then deparaffinized in xylene and rehydrated in a descending 
alcohol series. Subsequently, the sections were stained 
using the aforementioned H&E and von Kossa staining kits. 
In the process of H&E staining, the sections were stained 
with hematoxylin for 1 min, soaked with distilled water for 
15 min, and then stained with eosin for 1 min. When von 
Kossa staining was performed, the sections were incubated 
with von Kossa silver solution, placed under ultraviolet 
light for 15  min, washed with distilled water for 1  min, 
then treated with 5% sodium thiosulfate for 2 min, and then 
re‑stained with 0.1% nuclear fast red solution staining for 
1 min. The above staining processes were all carried out at 
room temperature. The sections stained by H&E and von 
Kossa were dehydrated and transparent, sealed with neutral 
gum and observed under fluorescence microscopy (BX53; 
Olympus Soft Imaging Solutions GmbH). The characteristics 
of tympanosclerosis, including mucosa thickening, fibrosis 
and calcium deposition, were recorded.

Western blot analysis. RIPA and PMSF were added to the 
Eppendorf tubes to lyse the mucosa and primary cells. After 
sufficient grinding and centrifugation (4˚C, 14,000  x  g, 
20 min), the protein was extracted, and the concentration was 
measured using a BCA kit. SDS‑PAGE loading buffer (50 µl) 
was added to 200 µl protein supernatant, and the mix was 
heated in a metal bath at 100˚C for 5 min to obtain the protein 
samples required for electrophoresis. Equivalent amounts of 

protein (25 µg/lane) were separated by SDS‑PAGE (8% gel) 
and then electrotransferred onto nitrocellulose membranes 
for 90 min at 260 mA. Subsequently, the membranes were 
blocked with skimmed milk at a concentration of 5% for 
1 h at room temperature. Then, the membranes incubated 
overnight at 4˚C with the aforementioned β‑actin (1:2,000) 
TGF‑β1 (1:1,000), fibronectin (1:1,000), E‑cadherin (1:1,000), 
N‑cadherin (1:1,000) and snail (1:500 dilution) antibodies. 
The membranes were washed three times with TBS with 
0.1% Tween-20 (TBST; 10 min each) and incubated with the 
aforementioned HRP‑conjugated goat anti‑rabbit (1:10,000 
dilution), rabbit anti‑mouse (1:5,000 dilution) or rabbit 
anti‑goat (1:5,000 dilution) IgG antibodies at room tempera‑
ture for 1 h. The membranes were washed three times with 
TBST again and the ECL reagent was used. The membranes 
were exposed for development using a fluorescence and 
chemiluminescence imaging system (ChemiScope 6200 
Touch; Clinx Science Instruments Co., Ltd.). The grayscale 
value of each band was measured using ImageJ software 
(version 1.8.0; National Institutes of Health).

Immunofluorescence. Primary cells were fixed in 4% para‑
formaldehyde for 20  min at room temperature and then 
permeabilized with 0.5%  TritonX‑100 for 20  min. After 
blocking with 5% BSA for 2 h at room temperature, the cells 
were incubated with the aforementioned anti‑vimentin anti‑
body (1:100) at 4˚C overnight. The next day, the cells were 
incubated with the aforementioned goat anti‑rabbit IgG (H+L) 
Fluor594‑conjugated secondary antibody (1:200) at 37˚C for 
1 h. The cells were washed with PBS 3 times and then stained 
with DAPI for 5 min at room temperature. The cells were 
observed using fluorescence microscopy.

Statistical analysis. Statistical analyses were conducted 
using SPSS version 22.0 (IBM Corp.) and GraphPad Prism 
version  7.0 (GraphPad Software, Inc.). For western blot‑
ting results, paired samples were compared using a paired 
samples t‑test and multiple comparisons were performed using 
one‑way ANOVA followed by the Least Significant Difference 
test. Relative vimentin intensity data were compared using an 
unpaired samples t‑test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Otomicroscopic observations. Among the 30 rats, one died 
of digestive system infection 6 days after modeling, while the 
remaining animals survived until 8 weeks after modeling. 
Three days after the establishment of the model, yellowish 
serous exudation could be seen in the middle ear cavity of 
the rats. Two weeks later, the inflammatory exudation was 
absorbed, and the tympanic membrane perforation caused 
by puncture healed. The otomicroscopic results showed that 
a tympanosclerosis model was successfully established in 21 
out of 29 right ears at 8 weeks, and no obvious abnormalities 
in the tympanic membrane were found among the 29 left ears 
and 8 right ears (Fig. 1).

Histopathological observations. The H&E staining results are 
shown in Fig. 2. The mucosal structure of the control group 
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was intact, and no inflammation or fibroplasia was observed 
(Fig. 2A). The mucosa in the experimental group was markedly 
thicker than that in the control group. In addition, inflamma‑
tory cell infiltration was observed, and the fibrous tissue was 
hyperplastic (Fig. 2B).

The von Kossa staining results are shown in Fig. 3. The 
mucosal structure of the control group was normal with no 
calcium deposition (Fig. 3A). The mucosa of the experimental 
group was markedly thickened and scattered calcium deposits 
were found in the tissue (Fig. 3B).

Figure 1. Otomicroscopic observations at week 8. (A) Representative left ear used as the control. The tympanic membrane was intact and transparent without 
calcification. (B) Representative right ear used as the experimental model. The tympanic membrane showed obvious turbidity and sclerotic plaques (arrow) at 
the tympanic ring. Original magnification, x20.

Figure 3. Von Kossa staining observations. (A) Representative control group image. No calcium deposition was found. (B) Representative experimental group 
image. Mucosa was markedly thickened with scattered calcium deposits (arrows). Original magnification, x400.

Figure 2. H&E staining observations. (A) Representative control group image. Morphology and structure of mucosa (arrow) were normal and without inflam‑
mation. (B) Representative experimental group image. Mucosa was markedly thickened with inflammatory cell infiltration (triangle) and fibrous tissue 
hyperplasia (arrow). Original magnification, x200.
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Western blot analysis. To confirm whether EMT was 
associated with tympanosclerosis, western blotting was 
used to detect the expression levels of E‑cadherin, TGF‑β1, 
snail, N‑cadherin and fibronectin in tympanosclerotic 
middle ear and normal middle ear mucosa. As shown in 
Fig.  4A  and  B, the expression levels of TGF‑β1, snail, 
N‑cadherin and fibronectin in the experimental group were 
increased, whereas E‑cadherin expression level decreased, 
compared with that in the control group. In order to further 
determine the role of the EMT‑associated pathway in the 
pathogenesis of tympanosclerosis, middle ear mucosal 
cells were treated with TGF‑β1. Western blotting results 
showed that when stimulated with TGF‑β1, the expression 
of E‑cadherin decreased, while the expression of snail, 
N‑cadherin and fibronectin increased (Fig.  4C  and  D). 
These results suggested that TGF‑β1 can activate the EMT, 
of middle ear mucosa cells, resulting in a decrease in the 

expression of epithelial markers and an increase in the 
expression of mesenchymal markers. A total of 6 h before 
TGF‑β1 stimulation, LY2109761 was used to treat cells. It 
was found that compared with the TGF‑β1 treatment group, 
the expression of E‑cadherin increased but the expression 
levels of snail, N‑cadherin and fibronectin decreased in the 
group co‑treated with LY2109761 (Fig. 4C and D), and the 
differences were statistically significant (P<0.01), which 
indicated that LY210976 could inhibit the occurrence of 
EMT in middle ear mucosa.

Immunofluorescence analysis. Vimentin is a hallmark of 
EMT (27). Vimentin was visualized in middle ear epithelial 
cells at 48 h after TGF‑β1 treatment using immunofluorescence. 
The results showed that the relative intensities of vimentin in 
the group treated with TGF‑β1 were significantly higher than 
those in the control group (Fig. 5).

Figure 4. Detection of protein expression by western blotting. (A) Western blotting results for E‑cadherin, TGF‑β1, snail, N‑cadherin and fibronectin in 
the TS and CT groups. (B) Semi‑quantitative analysis of the expression levels of E‑cadherin, TGF‑β1, snail, N‑cadherin and fibronectin in the TS and CT 
groups. *P<0.05 and **P<0.01 vs. CT. (C) Western blotting results for EMT‑associated proteins after treatment with TGF‑β1 or co‑treatment with TGF‑β1 and 
LY2109761. (D) Semi‑quantitative analysis of the expression levels of EMT‑associated proteins after TGF‑β1 stimulation or co‑treatment with TGF‑β1 and 
LY2109761. **P<0.01 as indicated. CT, control; TS, tympanosclerosis.

Figure 5. Immunofluorescence staining for vimentin. Nuclei were stained blue using DAPI. The expression levels of vimentin were upregulated following 
TGF‑β1 stimulation. *P<0.05 vs. CT. Original magnification, x200.
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Discussion

A tympanosclerosis model in rats can be established in a number 
ways, including tympanotomy and S. pneumoniae injection. 
The latter was chosen for the present study because the course 
of tympanosclerosis induced by S.  pneumoniae injection 
is closer to that of humans than that in tympanotomy (28). 
Tympanosclerosis is one of the main reactions of the tympanic 
membrane and middle‑ear mucosa to long‑term aseptic 
secretory otitis media, and the course of tympanosclerosis is 
progressive (29). The main pathogenic substance of inacti‑
vated S. pneumoniae is endotoxin, which can cause connective 
tissue and goblet cell proliferation in the middle‑ear mucosa, 
and induce the accumulation of glandular secretions leading to 
secretory otitis media. Three days after injection of inactivated 
S. pneumoniae, yellowish serous fluid was found in the middle 
ear cavity of most rats, but there was generally no purulent 
fluid. Long‑term exudation of inflammatory substances stimu‑
lates tympanosclerosis in the middle ear mucosa; meanwhile, 
perforation of the tympanic membrane during injection 
promotes the formation of a high‑oxygen environment in the 
tympanum, which in turn induces accumulation of oxygen 
free radicals and promotes tympanosclerosis (30). Perforation 
of the tympanic membrane caused by puncture usually heals 
within 2 weeks. In the present study, the middle ear mucosa 
was obtained 8 weeks after modeling, as most studies revealed 
that the typical histological changes in tympanosclerosis could 
be observed 8 weeks after modeling (1,11,31).

The modeling method used in the present study was simple, 
safe and reliable. One rat died on the sixth day after S. pneu-
moniae injection due to digestive tract infection, this was 
considered to be due to the poor resistance of the individual., 
while the remaining 29 survived for 8 weeks. The otomicro‑
scopic observations showed that the tympanic membrane of 
the left ear was transparent in all rats, and 21 rats (72.4% of the 
total) had turbid or obvious sclerotic plaques in the tympanic 
membrane of the right ears. It is possible that the inflammation 
in the middle ear of some rats was self‑cured before the devel‑
opment of tympanosclerosis due to anti‑infection ability. Thus, 
the success rate of modeling did not reach 100%. In future 
studies, changing some modeling conditions, such as increasing 
the frequency of S. pneumoniae injections and combining two 
modeling methods, could be explored to increase the rate of 
success for the model and obtain a sufficient number of experi‑
mental specimens. In the present study, H&E staining showed 
that the morphology of the middle ear mucosa in the control 
group was normal, whereas that in the experimental group was 
thickened. In addition, extensive inflammatory cell infiltration 
was observed in certain fibroblast‑rich areas. This finding was 
consistent with the histological changes in tympanosclerosis 
shown in a previous study (1). Therefore, the results of the 
present study indicated that intratympanic injection of inacti‑
vated S. pneumoniae is an effective way to establish a model 
of tympanosclerosis.

The progression of middle‑ear inflammation to tympano‑
sclerosis mainly occurs in five stages: Inflammatory exudation, 
granulation, fibrosis, hyalinization and calcification, among 
which fibrosis is the last reversible stage (31). Thus, exploring 
the progression from middle ear inflammation to fibrosis is 
important in preventing and treating tympanosclerosis. To the 

best of our knowledge, the present study is the first to suggest 
that TGF‑β1‑mediated EMT is involved in the pathogenesis of 
tympanosclerosis. The current findings provide a new theoret‑
ical basis for the prevention and treatment of tympanosclerosis 
caused by otitis media.

TGF‑β1 is a multifunctional cytokine involved in the 
regulation of various biological processes, among which 
pro‑inflammatory and pro‑fibrotic effects have been widely 
studied. Numerous hypotheses have been proposed on the 
specific mechanism of TGF‑β1 in promoting the progression 
of chronic inflammation into fibrosis (32,33). Most studies 
suggested that TGF‑β1 is associated with EMT, which is 
considered as an important process in the progression of 
inflammation to degenerative fibrous disease (34,35). TGF‑β1 
is a core factor that regulates the procession of fibrosis (36). 
TGF‑β1 promotes the synthesis of extracellular matrix protein 
fibronectin by regulating the transformation of epithelial 
cells associated with type II EMT into fibroblasts, thereby 
resulting in the contraction of extracellular matrix (37). A 
previous study has confirmed that high expression of TGF‑β1 
is observed in secretory otitis media (38). The present study 
used western blotting to detect the expression levels of TGF‑β1 
in the tympanosclerotic and normal middle ear mucosae of 
rats. TGF‑β1 expression was significantly increased in the 
experimental group. Therefore, secretory otitis media induced 
by S. pneumoniae could stimulate the secretion of TGF‑β1, 
which might subsequently promote fibrosis in the transition 
from otitis media to tympanosclerosis.

Fibronectin and N‑cadherin proteins are mesenchymal 
markers of EMT (39). Fibronectin is also the most abundant 
extracellular matrix protein in various tissues. Its overex‑
pression promotes the accumulation of extracellular matrix 
and eventually leads to organ fibrosis by changing the cell 
structure and behavioral characteristics. such as promoting 
the recruitment and stimulation of inflammatory cells (40,41). 
Kriegel et al (42) reported that the accumulation of extracel‑
lular matrix proteins and the occurrence of interstitial fibrosis 
are the main results of TGF‑β1‑induced EMT in renal epithelial 
cells. N‑cadherin is not only a typical EMT marker but also an 
important intercellular adhesion molecule. A previous study 
has shown that the process of fibronectin promoting the depo‑
sition of extracellular matrix is associated with the increase in 
cytoskeleton tension resulting from N‑cadherin adhesion (43). 
In the present study, western blot analysis confirmed that the 
expression levels of fibronectin and N‑cadherin, two main 
EMT markers, were significantly increased in the experi‑
mental group compared with the control. Histological analysis 
showed obvious fibrous adhesion and fibrous hyperplasia in 
the middle‑ear mucosa of the experimental group, which may 
be associated with the deposition of the extracellular matrix 
caused by the overexpression of fibronectin and N‑cadherin. 
The aforementioned results further demonstrated the role of 
TGF‑β1‑induced EMT in tympanosclerosis, suggesting that 
may promote the development of otitis media and participate 
in middle‑ear mucosal fibrosis.

Snail is a zinc finger transcription factor located in the 
nucleus that promotes EMT by inhibiting the expression of 
E‑cadherin, a typical epithelial marker (44). TGF‑β1 is the 
upstream pathway that induces snail activation. Park et al (45) 
reported that EMT induced by the TGF‑β1/snail signal 
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pathway was involved in the formation of pulmonary fibrosis. 
The results of the present study suggested that the expression 
level of snail in the experimental group was significantly 
higher than that in the normal control group. At the same time, 
the expression level of E‑cadherin in the tympanosclerosis 
mucosa was significantly decreased compared with control. 
Thus, the results suggest that TGF‑β1 may regulate EMT in 
tympanosclerosis through the snail signal pathway.

TGF‑β1 is an extracellular signaling molecule that transmits 
the extracellular signal to the nucleus by binding to its receptor 
on the cell membrane (46). In the case of EMT, TGF‑β1 acti‑
vates snail, which inhibits the expression of epithelial genes 
and promotes the transcription of mesenchymal genes (47). 
The present study showed that the expression levels of snail, 
N‑cadherin and fibronectin were upregulated and E‑cadherin 
was downregulated following TGF‑β1 stimulation in middle 
ear epithelial cells. In addition, when compared with TGF‑β1 
treatment group, the current study also found that the expres‑
sion levels of mesenchymal markers such as snail, N‑cadherin 
and fibronectin decreased, while the expression level of epithe‑
lial marker E‑cadherin increased in epithelial cells treated with 
LY2109761. Notably, immunofluorescence results revealed 
that the expression of vimentin, a hallmark of EMT, was 
significantly increased after middle ear epithelial cells were 
stimulated by TGF‑β1. The current results provide evidence for 
the involvement of EMT in tympanosclerosis formation.

The present study represents an advancement in the 
research on the pathogenesis of tympanosclerosis; however, it 
has certain limitations. Although the pathogenesis of tympa‑
nosclerosis regulated by TGF‑β1‑mediated EMT was studied 
in animal models, the mechanism in humans remains unclear. 
In the future, human tympanosclerosis specimens will be 
collected to further explore the pathogenic factors associated 
with tympanosclerosis.

In conclusion, high expression of TGF‑β1 is a key factor 
in promoting the formation of tympanosclerosis via the EMT 
process. The present study provides strong evidence for the 
involvement of TGF‑β1‑induced EMT in the formation of 
tympanosclerosis and provides a new direction for the treat‑
ment and prevention of tympanosclerosis. The pathogenesis of 
tympanosclerosis is complex and, to the best of our knowledge, 
has not been fully elucidated. The majority of patients report 
to the clinic for consultation only when they have reached the 
irreversible stage of this condition. Thus, exploring the patho‑
genesis of tympanosclerosis is necessary for prevention and 
further treatment.
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