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Abstract

Objective: Cholesteatoma, with its hyperproliferative feature
and destructive pathogenesis, causes bone destruction of the
middle ear structures and its surroundings. We aimed to
investigate the expression of Ki-67, cytokeratin-6 (CK-6) and
cytokeratin-16 (CK-16) in acquired and recurrent
cholesteatoma and to correlate them with bone destructive
capacity.

Materials and Methods: The study was performed as a
prospective immunohistochemical study using cholesteatoma
tissue (n=45) and external auditory canal skin (n=10) collected
during tympanoplasty operation. The findings were recorded
considering whether the cholesteatoma was recurrent or not,
the extent of cholesteatoma during the operation, ossicular
damage and the presence of complications. The patients were
divided into 4 groups: Complicated cholesteatoma, recurrent
cholesteatoma, uncomplicated cholesteatoma and external
auditory canal skin as the control group. Groups were
compared in terms of Ki-67 expression level, CK-6 and CK-16
staining patterns.

Results: In all groups with cholesteatoma, Ki-67 index was
found to be significantly higher than the control group. In
addition, the Ki-67 index was found to be significantly higher in
the complicated and recurrent cholesteatoma groups compared
to the uncomplicated group (p=0.015 and p=0.001,
respectively). While CK-6 showed only suprabasal staining on
the skin of the external auditory canal, it showed a full-coat
staining pattern in cholesteatoma. When the groups with
cholesteatoma were compared in terms of CK-16 staining
pattern, the only significant result was higher full-thickness
staining rates in the recurrent cholesteatoma group compared
to the uncomplicated cholesteatoma group (p=0.022)

Conclusion: Ki-67 index has been shown to be an important
pathological parameter in evaluating the aggressive behavior of
cholesteatoma. In addition, our study is the first to show the
significant relationship of Ki-67 and CK-16 with recurrent
cholesteatomas.

ComplicatedKeywords: Recurrent cholesteatoma; 
cholesteatoma; Cytokeratin-6; cytokeratin-16; Ki-67

Introduction
Cholesteatoma is defined as the abnormal presence of keratinized

squamous epithelium in the middle ear cavity and other pneumatized
areas of the temporal bone. Cholesteatoma, with its hyperproliferative
and destructive properties, causes bone destruction of the middle ear
structures and its surroundings. The ossicular chain and bone
resorption of the otic capsule can cause hearing loss, vestibular
dysfunction, facial paralysis and intracranial complications. There is
no single cause of osteoporosis in cholesteatomas. Mechanisms such
as pressure necrosis, chronic osteomyelitis, resorption with osteoclast,
enzymatic reseorption, local pH changes, and vascular proliferation
are thought to play a role in cholesteatoma-related bone resorption [1].

Cholesteatomas show similar features regardless of the underlying
pathogenesis; hyperproliferation and differentiation with invasion,
increased inflammation [2]. Normally there is a balance between cell
proliferation and programmed cell death in keratinocytes. This balance
is impaired in cholesteatoma and causes an increase in the
accumulation of excessively proliferating epithelial keratin [3]. When
the epithelium begins to hyperproliferate, the destructive process
begins in cholesteatoma. Studies have been conducted on cytokeratin
and Ki-67 to show the hyperproliferative properties of cholesteatoma
[4,5].

Cholesteatoma, with its hyperproliferative potential, can lead to
destruction in surrounding tissues and related complications, and may
present with postoperative recurrences. However, complications do
not occur in every patient with cholesteatoma. In this study, we aimed
to investigate the expression of Ki-67, CK-6 and CK-16 in acquired
cholesteatoma and to reveal the relationship of these markers with
destruction and recurrence of cholesteatoma.

Materials and Methods

Facts
The study was conducted as a prospective immunohistochemical

study by collecting cholesteatoma tissue (n=45) and external auditory
canal skin (n=10) during tympanoplasty operation between February
2015 and September 2018. Ethics committee approval was obtained
from the patients by providing information about the study.

During the operation, the extent of cholesteatoma, ossicular chain
damage and the presence of complications were recorded. Patients
with congenital cholesteatoma were not included in the study. In the
study, patients were divided into four groups:

Complicated cholesteatoma (n=15): Patients with at least one
clinical complication and findings of intraoperative complications.

Recurrent cholesteatoma (n=15): Patients with previous
cholesteatoma surgery but recurrence of cholesteatoma.

Uncomplicated cholesteatoma (n=15): Cholesteatoma with one or
more ossicular chain destruction but without complications.
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Control group (n=10): The group whose external auditory canal 
epithelium was sampled from patients operated for chronic otitis 
media without cholesteatoma.

Immunohistochemical Examination and Evaluation
During the operation, tissue samples were taken for the study 

froups and placed in 10% formulation and sent to the Pathology 
Department for immunohistochemical analysis. After the samples 
taken from all groups were embedded in paraffin, 4 micron thick 
sections were obtained and placed on a poly-l-lysine coated lam. 
Lames were initially kept in the oven at 370C for 15 minutes, and then 
immunohistochemical staining was performed with Ki-67, CK-6 and 
CK-16 dyes on an automatic staining device (Ventana Bench Mark 
Ultra, SN:316054). After treatment with primary antibody, it was 
washed in tap water and covered with an ultra-amount. All samples 
were evaluated under a light microscope by the same pathologist and 
researcher. The pathologist and investigator were unaware of the 
clinical condition of the patients and the study groups during the 
evaluation of the samples, and the study thus gained a double-blind 
feature. 100 epithelial cells were counted by evaluating the 3 most 
stained areas at 200 magnifications under light microscopy and the 
number of positively stained epithelial cells was determined as the 
percentage of Ki-67 positive cells. CK-6 and CK-16 staining patterns 
were determined according to the stained epithelial layers (Figure 1).

Figure 1: (A) Cholesteatoma and external auditory canal skin
immunohistochemical staining. Suprabasal layer staining of the
external auditory canal skin with CK-6. (B,C) Outer ear canal skin
Basal-suprabasal layer staining with CK-16. (D) Basal strength,
suprabasal pale staining. (E) Full coat staining of cholesteatoma with
CK-16. (F) Staining of the outer ear canal skin with Ki-67. (G)
Staining of recurrent cholesteatoma with Ki-67. (H) Staining of
complicated cholesteatoma with Ki-67.

Statistical analysis
The compliance of numerical variables to normal distribution was

tested with the Shaphiro-Wilk test. Student's t-test was used to
compare variables that fit normal distribution in two groups, and
ANOVA and LSD tests were used to compare three groups.
Relationships between categorical variables were tested with the Chi-
square test. SPSS 22.0 Windows version was used in the analysis.
P<0.05 was considered significant.

Results
35 (63.6%) of the patients were male, 20 (36.4%) were female. The

average age of the patients included in the study was 33.64 ± 15.61,
and their ages ranged from 5-71, and the age distribution by groups
was homogeneous.

In the complicated cholesteatoma group, 11 patients had a single
complication, and 4 patients had multiple complications. LSSC fistula
and facial paralysis were observed in 2 patients, otomastoidevtomy
and LSSC fistula in 1 patient (Table 1).

Complications Number of cases

LSSC Fistula 8

Automastoidectomy 4

Fasial paralysis 4

Menengitis 1

Temporal Lobe abscess 1

Table 1: Complication secondary to cholesteatoma.

Ki-67 positive staining percentages according to the groups are
given in (Table 2). The Ki-67 index was significantly higher in the
complicated cholesteatoma group compared to the uncomplicated
cholesteatoma and the control group (p=0.015 and p=0.001,
respectively). The Ki-67 index was also found to be significantly
higher in the recurrent cholesteatoma group compared to the
uncomplicated cholesteatoma and the control group (p=0.001 and
p=0.001, respectively). The Ki-67 index was also found to be
significantly higher in the uncomplicated cholesteatoma group
compared to the control group (p=0.003). No significant difference
was found between the complicated cholesteatoma and recurrent
cholesteatoma group in terms of Ki-67 index (p=0.157)

Groups Ki-67 (%)

Complicated cholesteatoma (n=15) 62.53 ± 17.36

Recurrent cholesteatoma (n=15) 71.20 ± 21.30

Uncomplicated collesteatoma (n=15) 47.40 ± 13.26
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Control group (n=10) 26.30 ± 9.94

Total (n=55) 54.18 ± 22.68

Table 2: Percentage of Ki-67 positive staining by groups.

17 (37.8%) of the patients who were operated for chronic otitis
media with cholesteatoma had canal wall up mastoidectomy and 28
(62.2%) had canal wall down mastoidectomy. The Ki-67 index was
found to be significantly higher in patients who underwent
cholesteatoma surgery with canal wall down compared to those with
canal wall up (p=0.009) (Table 3).

Groups Ki-67 (%)

Canal wall down (n=28) 66.25 ± 20.39

Canal wall up (n=17) 50.70 ± 15.00

Table 3: Ki-67 positive staining percentage according to surgical
technique.

We found that CK-6 has different staining patterns in cholesteatoma
and external auditory canal epithelium. CK-6 only had a suprabasal
staining pattern in the external auditory canal epithelium of all patients
in the control group. No staining was observed in the basal layer. In all
patients with cholesteatoma, CK-6 has a full coat staining pattern.

We observed that all patients in the control group of CK-16 had
basal and suprabasal staining patterns in the external auditory canal
epithelium, but it showed pale staining in the suprabasal layer. We
observed that 31 (68.89%) of the patients with cholesteatoma had full
coat staining, and 14 (31.11%) had basal and suprabasal staining
patterns.

When he froups with cholesteatoma were compared according to
the CK-16 staining patterns, we found the only significant relationship
between the recurrent cholesteatoma group and the group with
uncomplicated cholesteatoma (p=0.022). When complicated
cholesteatoma and recurrent cholesteatoma groups were compared in
terms of CK-16 staining pattern, p=0.369; When the complicated
cholesteatoma and uncomplicated cholesteatoma groups were
compared, we obtained p=0.142 statistical value (Table 4).

Groups

Complicated 
cholesteatoma
n (%) 

Basal-
Suprab
asal 
staining

4 (26.7%) 2 (13.3%) 8 (53.3%) 10 (100%)

Full 
coat 
staining

11 (73.3%) 13 (86.7%) 7 (46.7%) 0 (0%)

Table 4: CK-16 staining pattern according to the groups.

When the relationship between the CK-16 staining pattern and the
Ki-67 index was compared, the Ki-67 index of the full-coat stains was
found to be significantly higher than the basal-suprabasal stains
(p=0.001) (Table 5).

Ki-67 (%)

CK-16 Basal-Suprabasal
staining (n=24)

41.29 ± 20.39

Staining pattern Full coat staining
(n=31)

64.16 ± 19.26

Table 5: Percentage of positive Ki-67 staining according to CK-16
staining pattern.

Discussion
Ki-67 protein is a marker closely related to cellular proliferation.

Since this protein is present in all active phases of the cell cycle susch
as G1, S, G2 and mitosis, but not in the G0 phase, it is a unique
marker in growing and proliferating cells [6]. In previos studies, it
wasshown that there is a higher rate of Ki-67 expression in
cholesteatoma epithelium compared to normal skin [7-10]. Although
there are many literature studies stating that the Ki-67 index is high in
cholesteatoma, there are few studies that contradict each other and
explain the relationship between Ki-67 index and the destructive
behavior of cholesteatoma [11-13]. It can be concluded that the
difference in clinical parameters and methodological methods was
effective in obtaining different results in these studies. One or more
ossicular damage due to chronic inflammation can be seen in patients
with chronic otitis media with discharge without cholesteatoma. This
situation indicates that one or more ossicular damage is an insufficient
parameter in evaluating the aggressiveness of cholesteatoma.
Therefore, in our study, we defined cholesteatomas with one or more
ossicular chain damage or causing damage in the attic as non-invasive
group without complications. According to our experience, we also
encounter dehiscences in the facial canal in patients operated for
chronic otitis media without cholesteatoma. In an anatomical study
conducted by Baxter [14], it was reported that 57% of people had
dehiscence in the facial canal at the oval window level. In another
study conducted by Moreano et al. [15] on 1000 temporal bones,
dehiscence was found in at least one of the facial canals in 56% of the
patients. In our study, we based on complications related to
cholesteatoma to reveal the invasive character of cholesteatoma. We
did not consider facial canal dehiscence alone as a complication.
Because facial canal dehiscence alone may be a pre-existing
anatomical defect independent of the disease, and accepting it as a
complication will lead to a false positive evaluation. Therefore, we
considered facial paralysis and facial canal dehiscence in contact with
intraoperative cholesteatoma as a clinical complication. Other
complications we included in the complicated cholesteatoma group
were LSSC fistula, otomastoidectomy, temporal lobe abscess, and
meningitis. The high Ki-67 index in cholesteatoma compared to the
epithelium of the external auditory canal was consistent with previous
studies. In addition, our study provides support that the Ki-67 index is
an important pathological parameter in the aggressive behaviour of
cholesteatoma. However, there are also factors that limit our study.
The most important of these is the period from the onset of
cholesteatoma to the emergence of complications. If the patients who
are accepted as uncomplicated cholesteatoma are delayed in the
diagnosis, it may appear as a complication in the future or does the
aggressive behavior of cholesteatoma increase over time? Despite
these uncertainties, our study is supported by both previous studies
and statistically significant data we obtained.
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Although cholesteatoma has been treated surgically, its recurrent
nature poses a clinically important problem. Recurrence rates between
5% and 71% have been reported in the literature. The reason for the
high difference between rates may be related to type of cholesteatoma,
surgical technique, follow-up frequency, postoperative follow-up time
and the statistical method applied [16]. In previous studies, no
difference was found between recurrent and non-recurrent
cholesteatomas at Ki-67 level [17,18]. In our study, contrary to the
literature, we found a significantly higher Ki-67 index in recurrent
cholesteatomas. We think that the inclusion of more patients in the
study and the increase in the sample size and the more detailed
grouping of the patients were effective in obtaining results in this way.
This study is the first to provide evidence that Ki-67 index may be an
important pathological parameter for recurrent cholesteatomas. We
can collect recurrent cholesteatomas that develop after surgical
treatment of cholesteatomas that develop after surgical treatment of
cholesteatoma in two groups as residual and recurrent. Residual
cholesteatoma is a cholesteatoma formed by the squamous epithelial
tissue remaining in the middle ear. Recurrent cholesteatoma is the
recurrence of cholesteatoma despite surgical removal. It is difficult to
make a clear statement as to whether these are residual or recurrent
cholesteatoma. However, the patients we operated for recurrent
cholesteatoma had a canal wall down mastoidectomy in the previous
surgery. Based on this, we think that the recurrent cases in our study
were mostly recurrent cholesteatoma. Because the possibility of
residual canal wall down mastoidectomy is low.

Cytokeratins are one of the most studied markers to reveal the
hyperproliferative character of cholesteatoma epitheliumç the
distribution of cytokeratins in the epithelium varies according to the
cell type, growth, migrationand differentiation stage [19]. Vennix
investigated the expression of a group of cytokeratin, including CK-6,
CK-16 and CK-17 in cholesteatoma, and revealed different types of
staining patterns in cholesteatoma [20]. In our study, we observed that
CK-6 showed only suprabasal staining patterns in the epithelium of
the external auditory canal, in accordance with the literature. CK-6
expression was not observed in the basal layer. In all patients with
cholesteatoma, CK-6 showed a full-coat staining pattern. We found
that CK-6 expression, which is a marker associated with
hyperproliferation, was increased in cholesteatoma. This result reflects
the hyperproliferative behavior of cholesteatoma showed that this
marker was not related to the aggressive behavior of cholesteatoma. In
our study, CK-16 showed basal-suprabasal staining in the epithelium
of the external auditory canal and stained the suprabasal layer pale.
We observed that 31 (68.89%) of the patients with cholesteatoma had
full-coat staining and 14 (31.11%) had a basal-suprabasal staining
pattern. When we compared the relationship between the CK-16
staining pattern and the Ki-67 index, the Ki-67 index of the full-coat
stains was found to be significantly higher than the basal-suprabasal
stains (p=0.001). We have supported that cholesteatoma has a
hyperproliferative character with a positive correlation between the
CK-16 staining pattern and the Ki-67 index. When the groups with
cholesteatoma were compared in terms of CK-16 staining pattern, the
only significant result was a higher rate of full-coat staining patterns in
the recurrent cholesteatoma group than the uncomplicated
cholesteatoma group (p=0.022). In this study, we provided support
proving that CK-16 is a parameter that can be used in the
differentiation of recurrent cholesteatomas from non-recurrent
cholesteatomas. On the other hand, although the CK-16 staining
pattern did not show a statistically significant difference between the
complicated cholesteatoma group and the uncomplicated

cholesteatoma group, a higher rate of full-thickness staining was
observed in the complicated group. Although CK-16 is a
hyperproliferative marker, it alone cannot explain the aggressive
behavior of cholesteatoma. In our study, we divided the patients
operated for cholesteatoma into two groups as surgical technique:
Canal wall down and canal wall up. Ki-67 index was found to be
significantly higher in patients who underwent cholesteatoma surgery
with canal wall down compared to those performed with canal wall
up. Although the surgical technique chosen affects the quality of life,
this result supports that we make a more accurate surgical technique
decision intraoperatively compared to the prevalence of
cholesteatoma.

Conclusion
We have shown that Ki-67 index and CK-16 staining pattern are

usable parameters in terms of follow-up and prognosis of patients with
cholesteatoma. It has been shown that Ki-67 index is an important
pathological parameter in evaluating the aggressive behavior of
cholesteatoma. In addition, our study is the first study showing the
significant relationship of Ki-67 and CK-16 with recurrent
cholesteatomas.
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