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Abstract

Background: Although many studies have investigated the mechanisms of cholesteatoma formation, its pathogen-
esis remains unclear. The aim of this study was to evaluate the levels of periostin, fibronectin and tenascin-C, which
are involved in many mechanisms, such as cell adhesion, cell differentiation, inflammation, fibrosis, angiogenesis and
cell proliferation, in patients with chronic otitis media (COM). A total of 80 participants, 65 COM patients undergoing
surgery and 15 healthcare personnel volunteers serving as controls, were included in this study. The participants were
divided into four groups: cholesteatoma, granulation, avivation and control group. The serum periostin, filbronectin
and tenascin-C levels of all participants were determined biochemically. Histopathological evaluation of tissue sam-
ples and 20 skin samples used as controls was performed by immunohistochemistry.

Results: Of the 65 patients, 22 presented with cholesteatoma, 15 with granulation tissue and 28 with the edge of the
tympanic membrane perforation freshening tissue. There were no significant differences in serum periostin, fibronec-
tin and tenascin-C levels between the groups. In the immunohistochemical evaluation, fibronectin and periostin
staining was significantly more intense in the cholesteatoma group than in the other groups (p = 0.001). Epithelial
tenascin-C staining was significantly more intense in the avivation group than in the other groups (p = 0.041).

Conclusion: The levels of periostin and fibronectin were higher in cholesteatoma tissue than in other forms of
chronic otitis and skin tissue. This suggests that they may be involved in the mechanism of cholesteatoma formation.
These proteins could be used as biomarkers in the diagnosis and treatment of cholesteatoma.
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Background

Chronic otitis media (COM) and chronic otitis media
with cholesteatomas are still important health problems
in underdeveloped and developing countries. Four theo-
ries of cholesteatoma formation have been proposed:
invasion, squamous metaplasia, basal cell hyperplasia
and retraction pocket theory [1]. Despite these theories,
its formation mechanism has still not been clarified.
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Periostin, fibronectin and tenascin-C are extracellular
proteins that could be involved in cholesteatoma for-
mation and chronic otitis media. Periostin, also called
osteoblast-specific factor 2, is a matricellular protein
first identified in mouse osteoblast cells [2]. Periostin is
involved in fibrogenesis and cell adhesion, differentiation
and death [3, 4].

Fibronectin is a large dimer glycoprotein found in all
tissues and is necessary in various cell-matrix interac-
tions, it is involved in events such as inflammation, fibro-
sis, wound healing, embryogenesis, haemostasis and
angiogenesis [5, 6].
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Tenascin-C is a hexomeric glycoprotein expressed in
the extracellular matrix of various tissues. Tenascin-C
regulates cell migration, adhesion and growth. It physi-
ologically regulates mesenchymal transitions and cell
migration in embryonic tissues. It is also known to par-
ticipate in various stages of wound healing, fibrosis and
tumorigenesis [7, 8].

Although many studies have investigated the mecha-
nisms of cholesteatoma formation, its pathogenesis
remains unclear. It has been shown in various studies that
periostin, fibronectin and tenascin-C proteins have many
functions such as cell adhesion, fibrosis, cell proliferation,
inflammation, angiogenesis and cell differentiation [2—8].
Therefore, we aimed to determine the levels of periostin,
fibronectin and tenascin-C in COM and cholesteatoma
patients in order to investigate their role in the patho-
genesis mechanisms and determine whether they can
be used as biomarkers in the diagnosis and treatment of
cholesteatoma.

Methods

This study included 65 patients undergoing surgery for
COM in our clinic. Patients with chronic drug use, dif-
fuse tympanosclerosis, previous operation on the same
ear and congenital cholesteatoma and eosinophilic otitis
media were excluded. All included patients were provided
with detailed information about the aims and methods of
the study and signed informed consent forms. The study
protocol was in line with the principles of the Declaration
of Helsinki and ethics approval was obtained from the
Clinical Research Ethics Committee (No. 2018/6).

The study included biochemical and histopathological
examinations. For the biochemical examinations, blood
samples collected from the patients preoperatively were
centrifuged after having been studied. The obtained
blood serum was stored at — 20 °C until further analysis.
Serum samples from blood collected from 15 hospital
staff volunteers used as controls were similarly stored.
Serum periostin, fibronectin and tenascin-C levels were
measured with an enzyme-linked immunosorbent assay
(ELISA).

For the histopathological examination, 85 tissue sam-
ples taken from the 65 patients were divided into four
groups: cholesteatoma tissue, granulation tissue, the edge
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of tympanic membrane (TM) perforation freshening tis-
sue and skin tissue samples collected from 20 patients
for control purposes. The levels of fibronectin polyclonal
antibody (PAA037Hu01), periostin polyclonal antibody
(PAH339Hu01) and tenascin-C polyclonal antibody
(PAB975Hu01) were determined using an automatic
immunohistochemistry device (SN: 714592, Ref: 750-
700; Ventana Medical Systems, AZ, USA). In the stain-
ing scoring, epithelial and stromal staining rates were
evaluated separately, and a semi-quantitative scoring sys-
tem ranging from 0 to 3 for epithelia and from 0 to 4 for
stroma was used. In the epithelial staining scoring [9], O
represented no staining, 1 focal staining (4), 2 moderate
staining (++) and 3 strong staining (+++). In the stro-
mal staining scoring [10], O represented no staining, 1
focal staining (4), 2 diffuse staining in 1/2 area (++), 3
diffuse staining in more than 1/2 area (+++) and 4 dif-
fuse staining (++++).

Statistical analyses were performed using IBM SPSS
Statistics 23.0 for Windows. Besides descriptive statisti-
cal methods (frequencies), the chi-square test was used
to compare qualitative data, and one-way analysis of vari-
ance was used to compare quantitative data. The results
were evaluated in the 95% confidence interval, and the
significance level was p <0.05. For chi-square p values of
less than 0.05, the Bonferroni correction was used and
separate chi-square analyses were performed for each
category.

Results

The mean age of the 65 patients with COM (35 females
and 30 males) was 39.84 years (range: 18—65 years). The
average age of the 15 healthy controls (8 males and 7
females) was 36.87 £ 13.38 years. Twenty-two patients
presented with cholesteatoma, 15 with granulation tissue
and 28 with the edge of the tympanic membrane perfo-
ration freshening tissue. Twenty-two patients underwent
canal wall down tympanoplasty, 16 underwent canal
wall up tympanoplasty, and 27 underwent endoscopic
tympanoplasty.

No significant differences were found between the
groups in terms of serum periostin, fibronectin and
tenascin-C levels (p = 0.749, p=0.342 and p=0.093,
respectively; Table 1).

Table 1 Serum periostin, fibronectin and tenascin-C levels of the groups

Cholesteatoma group  Granulation group Avivation group (n = 25) Control group (n = 15) p
(n=22) (n=15)
Periostin 546.29 4 295.01 496.62 +212.3 559.75 +£271.7 61246 £ 3734 0.749
Fibronectin 180.79 £ 47.91 207.53 £ 66.55 200.67 £ 77.22 171.65 £ 63.06 0.342
Tenascin-C 16.27 £55 1772 £ 657 1449 £ 3.1 13.64 £523 0.093
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The staining characteristics of 63 epithelial and 67
stromal samples with staining properties were evalu-
ated. In terms of epithelial periostin staining, choleste-
atoma samples were significantly more strongly stained
than the other groups (p = 0.001). Likewise, in terms
of stromal periostin staining, more intense staining

Page 3 of 6

was observed in the cholesteatoma group than in the
other groups (Fig. 1). In terms of fibronectin stain-
ing, both epithelia and stroma were significantly more
strongly stained in the cholesteatoma group than in the
other groups (p = 0.001; Fig. 2). In terms of tenascin-
C, stromal staining was significantly less intense in the

Fig. 1 a Outer ear canal skin (Periostin IHK x40): epithelial staining score +, stroma ++. b Avivation tissue (Periostin IHK x40): no epithelial staining
score, stroma +. ¢ Granulation tissue (Periostin IHK x40): no epithelial staining score, stroma +-++. d Cholesteatoma tissue (Periostin IHK x40):

epithelial staining score +++, stroma ++-++
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Fig. 2 a Outer ear canal skin (Fibronectin IHK x40): epithelial staining score +, stroma +. b Avivation tissue (Fibronectin IHK x40): no epithelial
staining score, stroma ++++. ¢ Granulation tissue (Fibronectin IHK x40): no epithelial staining score, stroma +++. d Cholesteatoma tissue

(Fibronectin IHK x40): epithelial staining score +4+, stroma ++++
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skin sample group than in the other groups (p = 0.013;
Fig. 3).

Discussion

It is known that histological changes occur in the tym-
panic membrane (TM) and the middle ear mucosa in
COM. Normally, the tympanic membrane has no cellular
structure other than mast and Langerhans cells. A pre-
vious study found that mast and Langerhans cells in the
TM increased in COM [11]. Another study reported an
increase in connective tissue and cell proliferation in the
TM in a cholesteatoma model [12]. In our study, a few
fibroblasts, inflammatory cells and vascular structures
forming the stromal connective tissue were detected in
the avivation group.

Although many studies have investigated the mecha-
nisms of cholesteatoma formation, its pathogenesis
remains unclear [1]. Many molecules and proteins have
been investigated [13—16]. Studies on cholesteatoma tis-
sue have shown that epidermal growth factor receptor
(EGFR) disorder plays a role in the development of cho-
lesteatoma. Bujia et al. reported EGFR upregulation in
cholesteatoma tissue [13]. Heparin-binding epidermal
growth factor-like growth factor (HB-EGF) is a protein
that binds to the EGFR and participates in cell prolifera-
tion. It has been observed that HB-EGF is more expressed
in cholesteatoma tissue than in normal skin, and its
expression level correlates with bone degradation [14].
Although high keratinocyte growth factor (KGF) levels
have been found in cholesteatoma tissue, its receptor
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levels have been shown to be the same as those in nor-
mal skin tissue [15]. A study suggested that heat shock
proteins 60 and 70 may play a role in the aetiopathogen-
esis of cholesteatoma and that they produce their effects
through IL-1 and TNF-a [16]. These findings are promis-
ing for cholesteatoma treatment options. In a case report,
Chao et al. [17] reported that the patient completely
recovered from cholesteatoma after long-term anti-TNE-
a antibody (infliximab) treatment. Our study found high
periostin and fibronectin levels in cholesteatoma tissue
This suggests that periostin and fibronectin may play a
role in the mechanism of cholesteatoma formation and
that agents targeting periostin and fibronectin may be
used in the treatment of cholesteatoma in the future.

In a study comparing cholesteatoma and normal skin,
type 4 collagen continuity was observed in the basement
membrane but not in cholesteatoma tissue. Moreover,
increased immune reactivity of fibronectin was found
in the basement membrane and subepithelial connec-
tive tissue [18]. Another study found that tenascin and
fibronectin expressed along the epidermal—stromal junc-
tion were in the form of a band and extended to the deep
stroma. Furthermore, tenascin and fibronectin expres-
sion was suggested to disturb cell-matrix interactions
during the proliferation phase of cholesteatoma tissue
[19].

Periostin expression has been shown to play a role in
the pathogenesis of otolaryngologic diseases such as
allergic rhinitis, chronic rhinosinusitis with nasal pol-
yps, aspirin-induced asthma, eosinophilic otitis media
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Fig. 3 a Outer ear canal skin (Tenascin-C IHK x40): epithelial staining score 0, stroma 0. b Avivation tissue (Tenascin-C IHC x40): no epithelial staining
score, stroma ++. ¢ Granulation tissue (Tenascin-C IHC x40): epithelial staining score 0, stroma +. d Cholesteatoma tissue (Tenascin-C IHK x40):
epithelial staining score O, stroma ++
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and IgG4-related diseases [20—25]. Our results suggest
that COM can be added to these diseases. A study on
ankylosing spondylitis patients found an inverse relation-
ship between disease activity and blood periostin levels.
Serum periostin levels were considerably low in patients
with high disease activity. The authors also suggested that
serum periostin levels in patients with nasal polyps can
be used to predict the presence, extent and outcome of
the disease [24]. In our study, we detected high periostin
levels in cholesteatoma tissue samples but found no sig-
nificant difference between serum periostin, fibronec-
tin and tenascin-C levels. We speculate that this may be
because cholesteatoma is a local disease.

A study on cholesteatoma reported that fibronec-
tin was significantly upregulated in cholesteatoma and
granulation tissue. It is known that fibronectin mediates
in vitro adhesion of fibroblasts and endothelial cells and
promotes in vitro keratinocyte migration and prolif-
eration. Therefore, fibronectin was assumed to play an
important role in the pathogenesis of cholesteatoma [18].
In our study, stromal staining of fibronectin was mark-
edly more intense in cholesteatoma tissue than in other
tissues. This suggests that fibronectin may play a role in
the development of cholesteatoma.

Tenascin-C promotes cell migration and adhesion [26].
It also plays a role in regulating cell functions, such as
tenascin-C epithelial proliferation and migration [27].
It has been reported that tissue tenascin-C levels can be
used as predictors of disease severity in fibrosis, myocar-
ditis and inflammatory bowel disease [28]. In our study,
stromal tenascin-C staining was significantly less intense
in the skin samples. However, no correlation was found
between tenascin-C and cholesteatoma.

Certain limitations of this study should be mentioned.
Firstly, the small sample size of our groups. Secondly, we
could not include normal middle ear mucosa in the study
due to ethical barriers. Finally, samples cannot be evalu-
ated by a quantitative reverse transcription-polymerase
chain reaction and gene expression because we did not
have the appropriate equipment and equipment to per-
form gene analysis. As a continuation of this work, we
will continue to work on this issue as well.

Conclusions

In our study, periostin and fibronectin levels were higher
in cholesteatoma tissue than in other forms of chronic
otitis and skin samples. This suggests that periostin and
fibronectin may play an important role in the devel-
opment of cholesteatoma. However, larger studies are
needed to ascertain the role of these proteins in the aeti-
opathogenesis of cholesteatoma and their value as bio-
markers for its diagnosis and treatment.
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