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Introduction

An acquired cholesteatoma is a benign but locally aggressive formation
in the middle ear. It consists of hyperproliferative keratinised epithelium (Bhutta
etal., 2011). Although the formation is rare, with an average incidence in Europe
of 7 per 100000 people a year, its complete surgical treatment is difficult and
often a recurrence of cholesteatoma is expected (Britze et al., 2017). The most
common complaints are conducive or mixed (conducive and sensorineural)
hearing loss, otorrhea and, rarely, ear pain. Cholesteatoma can cause potentially
life-threatening and quality-of-life decreasing complications such as meningitis,
brain abscess, facial nerve paralysis and sigmoid sinus thrombosis (Kuo et al.,
2015). An acquired cholesteatoma is characterised by chronic inflammation,
rapid growth and destruction of surrounding tissue; therefore, the tissue factors
that describe these processes were selected in our work: matrix
metalloproteinases-2 and -9, tissue inhibitors of metalloproteinases-2 and -4,
proliferation marker Ki-67, nuclear factor kappa beta, interleukin-1a and -10,
human beta defensins-2 and-4, vascular endothelial growth factor and Sonic
hedgehog gene protein.

The most studied tissue factors in cholesteatoma are matrix
metalloproteinases (MMPs), because an association was found between MMP-2
and MMP-9 and bone destruction in the middle ear (Morales et al., 2007; Juhasz
et al., 2009).

The tissue inhibitor of metalloproteinase-4 (TIMP-4) restricts MMP-2
and MMP-9 (Givvimani et al., 2010). It has been investigated that an imbalance
between MMPs and TIMPs can result in tissue degradation in cholesteatoma
(Schonermark et al., 1996; Suchozebrska-Jesionek et al., 2008). However,

the effects of TIMP-4 on cholesteatoma tissue have not been analysed so far.



One of the most characteristic features of cholesteatoma tissue is its rapid
growth and continuous cell proliferation (Yesilova et al., 2017). Ki-67 is the most
widely used proliferation marker in cholesteatoma studies.

The nuclear factor kappa beta (NF-kf) plays a role in many processes in
the human body, mainly by regulating genes associated with inflammation, cell
proliferation and apoptosis (Giuliani et al., 2018). In cholesteatoma pathogenesis,
NF-«p regulates cell proliferation and inflammatory processes (Schiirmann et al.,
2022; Byun et al., 2010). However, studies lack a complex view of the effects of
NF-«f on the various processes of this pathology.

Cholesteatoma maintain chronic inflammation, which manifests as
recurrent purulent inflammation in the middle ear (Schiirmann et al., 2022).
Interleukin-1 alpha (IL-1 o) is a potent pro-inflammatory cytokine associated
with aggressiveness of cholesteatoma (Bujia et al., 1996). Interleukin-10 (IL-10)
is one of the most active inflammatory suppressant cytokines (Mosser and Zhang,
2008). It is believed that regulatory disturbances between pro- and
anti-inflammatory cytokines could explain the local aggressiveness of
cholesteatoma (Kuczkowski et al., 2011). Human beta-defensin-2 and -4
(HBD-2; HPD-4) are local antimicrobial peptides that are effective in combating
bacteria that cause inflammation in cholesteatoma (Harder et al., 1997; Garcia
et al., 2001). However, there is little information on the activity of defensins in
cholesteatoma tissue, as well as their interaction with cytokines. This is the first
study to investigate HBD-4 in cholesteatoma tissue.

The growth of cholesteatoma is associated with an increased angiogenesis
process and as one of the most active factors contributing to angiogenesis is
vascular endothelial growth factor (VEGF) (Fukudome et al., 2013). However,
the effects of VEGF on cholesteatoma tissue are still little studied and uncertain.

Gene studies are very relevant, therefore, this study looked at

the relationship of the Sonic hedgehog (SHH) gene protein to cholesteatoma



tissue in an ontogenetic aspect. Although this is one of the first studies on SHH
in cholesteatoma tissue and there is limited information about its significance, it
is known that disorders of the SHH gene can cause external, internal and middle
ear abnormalities (Chiang et al., 1996).

It should be noted that until now studies have mainly been conducted in
the same age group compared to the tissues of the control group, as well as
studies have affected a particular process. This is one of a small number of
studies that compare the population of children and adults, as well as the control
group, and evaluate several tissue factors in the same study that target different
pathophysiological processes in cholesteatoma tissue, an approach that gives

a greater understanding of disease development.

Aim of the Thesis

Complex characterisation and determination of relative amount and
distribution of remodelling, proliferation, inflammation, local defence,
angiogenetic factors and SHH gene protein of the cholesteatoma tissue in

an ontogenetic aspect.

Tasks of the Thesis

1 Detect the expression of tissue remodelling factors (MMP-2; MMP-9,
TIMP-2, TIMP-4) in cholesteatoma tissue from patients of different ages.

2 Detect the expression of tissue proliferation marker (Ki-67) in
cholesteatoma tissue from patients of different ages.

3 Detect the expression of transcription factor NF-«kf3 in cholesteatoma
tissue from patients of different ages.

4 Detect the expression of pro- and anti-inflammatory cytokines (IL-1a,
IL-10) in cholesteatoma tissue from patients of different ages.

5 Detect the expression of human defensins (HBD-2 un HBD-4) in

cholesteatoma tissue from patients of different ages.



6 Detect the expression of angiogenic factor (VEGF) in cholesteatoma
tissue from patients of different ages.

7 Detect the expression of Sonic hedgehog gene protein (SHH) in
cholesteatoma tissue from patients of different ages.

8 Detect the markers mentioned above in the patient material of
the control group.

9 Perform statistical data analysis, compare study groups, and determine
possible correlation of tissue factors in cholesteatoma tissue from

patients of different ages and control group patient material.

Hypotheses of the Thesis
There are differences in the expression of remodelling, proliferation,
inflammation, local defence, angiogenic factors and the Sonic hedgehog gene

protein of children and adult cholesteatoma.

Novelty of the Thesis

Until now, selective tissue changes such as remodelling, proliferation,
inflammation and local tissue defence have been studied sporadically and
unrelated in patients with cholesteatoma. This study examines these tissue
changes together. Twelve different tissue factors are used in the study which,
based on the information available to us, is the largest number of tissue factors
used as part of a single study. Additionally, we examined factors previously
unexplored in the case of cholesteatoma, such as TIMP-4, HBD-4 and SHH.
Combining these different tissue factors by analysing the correlations between
them gives a much broader insight into the common and different morphological
developments of cholesteatoma tissue in children and adults that are missing

from studies that studied these tissue changes separately and in the past.



1 Materials and Methods

1.1  Subject material and patient grouping
Three groups were created to implement the study: control group, children

and adult patient group.

1.1.1 Control group

The tissue of the control group was obtained from the historical collection
of the Riga Stradin$ University (RSU) Institute of Anatomy and Anthropology
(AAI). The control group consisted of the skin of the external ear meatus, which
was obtained from the bodies of 7 deceased people.

The selection of control tissues was influenced by ethical considerations
that prevented biopsies from the outer ear canal skin of healthy patients as this
could pose a risk of complications in patients during the healing period.

The tissue from the outer ear passages was taken to the RSU AAI
Morphology laboratory, where a routine histological examination was
performed. After a primary examination of the tissue, tissue samples from
7 patients were included in the study and 3 patients were excluded from the study.
Criteria for inclusion: patients without known skin disease; patients without
known chronic inflammation of the middle ear. Exclusion criteria: insufficient
external ear canal tissue material (missing epidermis or dermis layer after routine
histological examination), signs of inflammation.

The use of control tissue in the study has been authorised by RSU Ethics
Committee (No 2-PEK-4/475/2022; 29.10.2022.).

Characteristics of the patients of the control group
Material from the bodies of 7 deceased people, the skin of the outer ear
canal, was used to form the control group. The group included 3 female, and

4 male aged 35 to 50, non-sensory and non-skin abnormalities.
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The control group for comparison is valid for both the child and adult
groups, since the child’s skin resembles that of adults after the age of six
(Stamatas et al., 2023). Therefore, skin derived from the bodies of deceased

people is appropriate for use as a control group.

1.1.2 Paediatric patient group

The material was obtained for a group of paediatric patients at Children’s
Clinical University Hospital (BKUS) between November 2019 and June 2023.
The tissue were obtained from patients during cholesteatoma surgeries. Samples
were collected from 37 unique patients aged 5 to 17 years. A cholesteatoma was
morphologically confirmed.

The tissue was further delivered to RSU AAI Morphology laboratory
where routine histological evaluation was performed. After primary tissue
evaluation (routine histological evaluation), 25 (15 male; 10 female) patients had
their tissue evaluated as consistent with the study.

Criteria for inclusion: child’s age (0-18 years); an acquired human
cholesteatoma. Exclusion criteria: insufficient cholesteatoma tissue material not
suitable for immunohistochemical treatment (a cholesteatoma matrix or
perimatrix is missing when performing routine histological evaluation).

No harm was caused to patients’ health during the collection of
cholesteatoma tissue material due to surgery for cholesteatoma excision.
The study was conducted in accordance with the 2013 Helsinki Declaration.
The study was approved by RSU Ethics Committee (No 6-2/7/4; 5.09.2019.).
Permission was obtained from the BKUS Education and Science department.
The nature of the study was told to patients and the patient’s parents, written
consent was obtained from the patient’s parents for participating in the study.

The paediatric patient group was defined according to Section 3,

Paragraph 1 of the Law on “Protection of Children’s Rights of Latvia”: “4 child
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shall mean a person under the age of 18, with the exception of those declared by

law to be of legal age or married before the age of 18”.

The characteristics of paediatric patients can be found in Table 1.1.

Table 1.1

Characteristics of paediatric patients

No

Code

Age

Gender (Years)

Diagnosis; Treatment

BH 24

Otitis media chronica sinistra cum
Female 5 cholesteatoma; Canal wall-up surgery,
tympanoplasty

BH 25

Otitis media chronica dextra cum
Male 5 cholesteatoma; Canal wall-up surgery,
tympanoplasty

BH 23

Otitis media chronica dextra cum
Male 6 cholesteatoma; Canal wall-up surgery,
tympanoplasty

BH 19

Otitis media chronica sinistra cum
Male 6 cholesteatoma; Canal wall-up surgery,

tympanoplasty

BH 21

Otitis media chronica dextra cum
Female 8 cholesteatoma; Canal wall-up surgery,

tympanoplasty

BH 3

Otitis media chronica dextra cum
Female 9 cholesteatoma; Canal wall-up surgery,
tympanoplasty

BH 6

Otitis media chronica dextra cum
Male 10 cholesteatoma; Canal wall-up surgery,

tympanoplasty

BH1

Otitis media chronica sinistra cum
Male 11 cholesteatoma; Canal wall-down surgery,
tympanoplasty

BH 11

Otitis media chronica sinistra cum
Female 12 cholesteatoma; Canal wall-up surgery,
tympanoplasty

10

BH 10

Otitis media chronica dextra cum
Male 13 cholesteatoma; Canal wall-down surgery,
tympanoplasty

11

BH 32

Otitis media chronica sinistra cum
Female 13 cholesteatoma; Canal wall-up surgery,
tympanoplasty
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Table 1.1 continued

Code

Gender

Age
(Years)

Diagnosis; Treatment

12

BH 30

Male

14

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

13

BH 34

Male

14

Otitis media chronica dextra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

14

BH 12

Female

15

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

15

BH 14

Female

15

Otitis media chronica dextra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

16

BH 18

Male

15

Otitis media chronica bilateralis cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty — left side

17

BH 27

Male

15

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down surgery,
tympanoplasty

18

BH2

Male

16

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

19

BH 7

Female

16

Otitis media chronica dextra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

20

BH 8

Female

16

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down surgery,
tympanoplasty

21

BH 20

Female

16

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down surgery,
tympanoplasty

22

BH S5

Male

17

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down surgery,
tympanoplasty

23

BH 29

Male

17

Otitis media chronica dextra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

24

BH 35

Male

17

Otitis media chronica dextra cum
cholesteatoma; Canal wall-up surgery,
tympanoplasty

25

BH 37

Male

17

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down surgery,
tympanoplasty
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1.1.3 Adult patient group

The material was obtained for a group of adult patients at P. Stradins
Clinical University Hospital (PSKUS) between November 2019 and June 2023.
The studied tissue was obtained from patients during cholesteatoma surgeries.
Samples were collected from 35 unique patients between the ages of 19 and 75.
A cholesteatoma was morphologically confirmed.

The tissue was further delivered to RSU AAI Morphology laboratory
where routine histological evaluation was performed. After primary tissue
evaluation (routine histological evaluation), 25 (11 male; 14 female) patients had
their tissue evaluated as consistent with the study.

Inclusion criteria: adult age (> 18 years); an acquired cholesteatoma.
Exclusion criteria: insufficient cholesteatoma tissue material not suitable for
immunohistochemical treatment (a cholesteatoma matrix or perimatrix is
missing when performing routine histological evaluation).

No harm was caused to patients’ health during the collection of
cholesteatoma tissue material. The study was conducted in accordance with
the 2013 Helsinki Declaration. The study was approved by RSU Ethics
Committee (No 6-2/7/4; 5.09.2019.). Permission was obtained from the PSKUS
Education and Science department. The nature of the study was told to patients,
written consent was obtained from the patient for participating in the study.
Patients were encrypted to ensure patient data was protected.

The characteristics of adult patients can be found in Table 1.2.
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Table 1.2

Characteristics of adult patients

Code

Gender

Age
(Years)

Diagnosis; Treatment

PH 16

Male

19

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down

surgery, tympanoplasty

PH 15

Female

22

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

PH3

Male

23

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

PH 18

Female

24

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down

surgery, tympanoplasty

PH 12

Male

26

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

PH 30

Male

26

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down

surgery, tympanoplasty

PH 23

Female

27

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

PH6

Female

28

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

PH7

Female

31

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

10

PH 25

Female

32

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

11

PH 35

Female

34

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

12

PH4

Male

38

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down

surgery, tympanoplasty

13

PHS8

Male

38

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down

surgery, tympanoplasty
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Table 1.2 continued

Code

Gender

Age
(Years)

Diagnosis; Treatment

14

PH 13

Male

39

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

15

PH 20

Male

39

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

16

PH 22

Female

40

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

17

PH 24

Female

41

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

18

PH 28

Male

41

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down

surgery, tympanoplasty

19

PH 17

Female

45

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down

surgery, tympanoplasty

20

PH2

Male

46

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

21

PH 31

Male

50

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

22

PH1

Female

58

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

23

PH 33

Female

70

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

24

PH 29

Female

74

Otitis media chronica sinistra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty

25

PH 5

Female

75

Otitis media chronica dextra cum
cholesteatoma; Canal wall-down
surgery, tympanoplasty
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1.2 Morphological methods
1.2.1 Acquisition and preparation of tissue for staining

Acquisition of control tissue

The control tissue, the skin of the outer ear passage, was derived from
the tissue of deceased people. Tissue necropsy was performed from a deeper area
of the outer ear passage using small forceps. Tissue samples of approximately
3x3 mm were obtained and placed in Stefanini solution and delivered to the RSU

AAI Morphology laboratory.

Acquisition of cholesteatoma tissue from children and adults

Adult and children cholesteatoma tissue were obtained during
cholesteatoma surgeries at BKUS and PSKUS. During surgery, the evacuated
cholesteatoma tissues (as large a tissue material as possible, or at least 5 mm in
diameter) were immediately placed in Stefanini solution. The patients were not
subjected to additional manipulation during the operations. There was also no
additional harm to the patients who participated in the study — all patients

underwent surgery of the same magnitude as any cholesteatoma surgery.

Tissue fixation and preparation for staining

The tissues obtained by biopsy were immediately fixed in Stefanini’s
solution (Stefanini et al., 1967). The fixing solution is made from 20 g of
paraformaldehyde, 150 ml of picric acid, 425 ml of Sorensen phosphate buffer
(pH 7.2) and 425 ml of distilled water. Paraformaldehyde was dissolved in
distilled water and buffer and picric acid was added. This solution was loaded
into Ependorf-type tubes containing biopsy tissue material. The biopsy material
was stored in a refrigerator (+4° C) until it was delivered to the RSU AAI

Morphology laboratory where further tissue processing was performed.
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The tissue material was rinsed with Tyrode’s solution for 24 h after being
taken to the RSU morphology laboratory (136.9 mM NaCl, 2.68 nM KCl,
1.8 mM CaCl, 2H»0, 1.05 mmol/l MgCl, 6H,0, 11.9 mM NaHCOs3, 0.42 mM
NaH,PO4 H,O, 5.5 mM glucose in distilled water). The fixed material was
dehydrated using alcoholic solutions according to the following scheme:
70° alcoholic solution for 30 minutes, 80° alcoholic solution for 1-2 hours,
96° alcoholic solution for 3—4 hours, 96° alcoholic solution for 24 hours.
The tissue samples were degreased for 30 minutes in xylene I and 30 minutes in
xylene II and then kept for one hour in paraffin I and 2 hours in paraffin II. Then
they were invested in molten paraffin, creating blocks of paraffin. From paraffin
blocks with semi-automatic rotation microtome (Leica RM2245, Leica
biosystems Richmond Inc., United States), 3—4 pum thin tissue cuts were made
and placed on slides (HistoBond ® +, Paul Marienfeld GmbH & Co. KG,
Germany). The slides were then placed for drying at the thermostat at 56° C for
20-60 minutes. Further processing was performed according to routine

histological staining or immunohistochemistry.

1.2.2 Routine histology staining method

Routine histological staining underwent with haematoxylin and eosin.
Tissue cuts dried in the thermostat were deparaffinised in xylene I (5 minutes)
and xylene II (5 minutes). Further the tissue was rehydrated with different
concentrations of alcohols following the following regimen: 96° alcohol solution
for 3 minutes; 96° alcohol solution for 3 minutes; 70° alcohol solution for
3 minutes. Furthermore, tissue sections were stained with haematoxylin
(code 05-M06002, Mayer’s haematoxylin, bio Optica Milano S.p.A., Ttaly) and
eosin (code 05-B10003, alcoholic solution of Eosin Y, bio Optica Milano S.p.A.,
Italy). Subsequent dyeing was followed by rinsing with running water and
dehydration with different concentrations of alcohol: 70° alcohol solution for

3 minutes; 96° alcohol solution for 3 minutes; 96° alcohol solution for 3 minutes.
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And clarification with xylene and carboxylene. The preparation was completed
by filling with histological glue (code 6900002, Paul Marienfeld GmbH & Co.
KG, Germany) and coating the samples with cover glasses (Carl Roth GmbH +
Co, Germany). In micropreparations, acidophilic structures coloured pink, and
basophils coloured blue or purple (Lillie et al., 1976; Fischer et al., 2008).
Micropreparations were analysed with a light microscope
(Leica DMS5O00RB, Leica Biosystems Richmond Inc., United States) and
microphotography was captured with a digital camera (Leica DC 300F,

Leica microsystem AG, Germany).

1.2.3 Immunohistochemical (biotin-streptavidin)
assay method and reagents

The tissue sections were stained using the biotin-streptavidin method
(Ozola and Pilmane, 2023). Fixation of tissue samples, preparation of material
for placement in paraffin blocks and preparation of cuts on slides were performed
according to the schema described in the previous chapter (see Chapter 1.2.2).
The tissue cuts, dried at the thermostat, were deparaffinised in xylene I
(5 minutes) and xylene II (5 minutes). The tissue dehydration was then
performed with different concentrations of alcohols following the following
regimen: 96° alcohol solution for 3 minutes; 96° alcohol solution for 3 minutes;
70° alcohol solution for 3 minutes. The deparaffinised tissue was placed in
a holder and rinsed twice for 5 minutes with the 7RIS buffer solution (code
2022X02692, Diapath S.p.A., Italy), then boiled in the EDTA buffer solution
(code 2020X19334, Diapath S.p.A., Italy) in the microwave for 20 minutes.
They were cooled to 65° C and washed twice for 5 minutes In 7RIS buffer
solution and blocked endogenous peroxidase activity for 10 minutes with 3 %
peroxide solution (code 925B-02, cell MarqueTM, United States). Further
rinsing was performed with 7RIS buffer solution twice for 5 minutes. A blocking

serum was used for 20 minutes to reduce background colouring. All tissue
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samples to be analysed were treated with the primary antibody for one hour
(the antibody information is shown in Table 1.3). All antibodies used in the study
were diluted with antibody diluent (code 938B-05, cell MarqueTM,
United States).

HiDef DetectionTM HRP Polymer (code 954D-30, cell MarqueTM,
United States) was used for antibodies (obtained from a mouse or rabbit). After
incubating the primary antibody and rinsing tissue samples in the 7RIS buffer
(three times for 5 minutes), a HiDef DetectionTM reaction amplifier
(code 954D-31, cell MarqueTM, United States) was used at room temperature
for 10 minutes. The preparations were then rinsed with 7RIS buffer solution
(three times for 5 minutes), followed by the addition of the HiDef DetectionTM
HRP polymer marker (code 954D-32, cell MarqueTM, United States) and
incubation at room temperature for 10 minutes. After incubation, the samples
were re-rinsed with TRIS buffer solution (three times for 5 minutes). The tissue
was then treated with the DAB substrate chromogenic system (code 957D-30,
cell MarqueTM, United States) and incubated at room temperature for up to 10
minutes to achieve brown colouration of the positive structures. The samples
were subsequently rinsed with running water and dyed with haematoxylin
(code 05-M06002, Mayer’s Hematoxylin, bio Optica Milano S.p.A., Italy) for
2 minutes. In the end, the preparations were dehydrated with an increased
concentration (70° to 96°) of alcohol and clarified with carboxylene and xylene.
Histological glue Pertex ® (code 00801-EX, HistoLab, Sweden) was then
applied and the samples were coated with cover glasses.

Micropreparations were analysed with a light microscope
(Leica DM500RB, Leica Biosystems Richmond Inc., United States) and
microphotography was captured with a digital camera (Leica DC 300F,
Leica microsystem AG, Germany). The positive control was performed on

the tissue according to the antibody companies, which always show a positive
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reaction. Negative control was achieved by excluding the primary antibody and

replacing it with antibody diluent.

Table 1.3.
Antibodies used in the study
No | Antibody Code Origin W.Oﬂfmg Manufacturer
dilution
Mouse Santa Cruz
1 MMP-2 sc-53630 Monoglonal 1:100 Biotechnology, Inc.,
Santa Cruz, CA, USA
. Santa Cruz
2| MMP9 | se10737 | I;ablb‘;al 1:100 | Biotechnology, Inc.,
oyelo Santa Cruz, CA, USA
Mouse Santa Cruz
3 TIMP-2 sc-21735 Monoclonal 1:100 Biotechnology, Inc.,
Santa Cruz, CA, USA
. Santa Cruz
4 | TIMP-4 | sc-30076 | lliablb“ | 1:100 | Biotechnology, Inc.,
olyclona Santa Cruz, CA, USA
. Rabbit . Cell Marque, Rocklin,
5 Ki-67 1325506A Polyclonal 1:100 CA, USA
. Santa Cruz
6 NF-xf Sc-109 P(ﬁa(lslzﬁal 1:200 Biotechnology, Inc.,
Y Santa Cruz, CA, USA
M Santa Cruz
7 IL-1a sc-9983 M noulsenal 1:50 Biotechnology, Inc.,
onoclo Santa Cruz, CA, USA
Rabbit . Abcam, Cambridge,
8 IL-10 ab34843 Polyclonal 1:400 UK
. Santa Cruz
9 HBD-2 sc-20798 P lliablblt | 1:200 Biotechnology, Inc.,
olyclona Santa Cruz, CA, USA
Mouse Santa Cruz
10 HBD-4 sc-59496 Monoclonal 1:50 Biotechnology, Inc.,
Santa Cruz, CA, USA
11 | VEGF | orb191500 Rabbit 1:100 | Biorbyt Ltd., UK
Polyclonal
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Table 1.3 continued

No | Antibody Code Origin VV'ork'mg Manufacturer
dilution
Rabbit . LifeSpan BioSciences,
12 SHE L5-C49806 Polyclonal 1:100 Inc., Seattle, WA, USA
Abbreviations: MMP-2 - matrix metalloproteinase-2; MMP-9 —  matrix

metalloproteinase-9; TIMP-2 — tissue inhibitor of metalloproteinases-2; TIMP-4 — tissue
inhibitor of metalloproteinases-4; Ki-67 — Kiel-67; NF-kf§ — nuclear factor kappa beta;
IL-1a — interleukin-1 alfa; IL-10 — Interleukin-10; HBD-2 — human beta defensin-2;
HBD-4 — human beta defensin-4; VEGF — vascular endothelial growth factor; SHH —
Sonic hedgehog gene protein.

1.3  Data processing methods

1.3.1 Visual evaluation of data

A semiquantitative counting method (Pilmane et al., 2021) was used in
the immunohistochemical tissue analysis to assess the relative number of
factor-positive cells. The relative number of positive structures was determined
in five random visual fields, and the average number from these visual fields was
used as the final result. The micropreparations were evaluated by two
independent morphologists. The legend and explanation of the semi-quantitative

counting method can be found in Table 1.4.

Table 1.4
Criteria for listing immunohistochemical factor-positive structures
Gradin Conversion into
g figures for Explanation of Grading Scale
scale s .
statistical analysis
0 0 No positive structures in the visual field
0/+ 0.5 Occasional positive structures in the visual field
+ 1 Few positive structures in the visual field
AN 15 Few-to-.moderate number of positive structures
in the visual field
Moderate number of positive structures in
++ 2 X
the visual field
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Table 1.4 continued

Conversion into

Grading figures for Explanation of Grading Scale
scale . o .
statistical analysis
A+ 25 Moderate-to-numerous positive structures in

the visual field

+++ 3 Numerous positive structures in the visual field
Numerous-to-abundant structures in

the visual field

An abundance of positive structures in

the visual field

+++/ -+ 35

-+ 4

1.3.2 Statistical methods

The study data was analysed using descriptive statistical methods (Teibe,
2007). Because the factor assessment is an ordinal data and does not correspond
to the normal distribution (following the Shapiro-Wilk test and the histogram
visual evaluation), nonparametric tests were used in the calculations.

The statistical differences between the study groups (child, adult and
control) were determined by the Kruskal-Wallis test (Barton and Peat, 2014),
which was selected because it includes a Bonferroni correction that does not
exceed the alpha error 5 % if three and more comparator groups are used in
the calculations.

A Spearman rank correlation coefficient (Forthofer et al., 2007) was used
to assess the correlation between two different factors within the same group.
The interpretation of the calculated correlations can be found in Table 1.5.

Results were considered statistically significant with a value of p < 0.05.
Statistical analysis of the data was performed using the statistical software IBM
SPSS (Statistical Product and Service Solutions) version 25.0 (IBM company,
Chicago, Illinois, United States).
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Table 1.5

Spearman rank correlation explanation

rs (Spearman’s rho)

Explanation

0.0-0.2 a very weak correlation,
0.2-04 a weak correlation,

0.4-0.6 a moderately strong correlation
0.6-0.8 a strong correlation

0.8-1.0 a very strong correlation
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2 Results

2.1 Routine histological finding

The tissue of the control group — the skin of the outer ear canal of
7 deceased people — showed an unaltered and non-inflammatory epidermis and
subepithelial connective tissue.

It was a stratified squamous epithelium, distinguished by five layers: stratum
basale, stratum spinosum, stratum granulosum, stratum lucidum, and stratum
corneum — all layers were in accordance with the generally accepted norm.

In the papillary layer of the dermis, loose unformed connective tissues
and cells (fibroblasts, macrophages, extravascular leukocytes) were observed,
but in the reticular layer of the dermis, blood vessels and cells were fewer and
connective tissue was denser (see Figure 2.1).

No significant differences were observed between the tissue materials of
children and adult cholesteatoma in routine histology examinations. For all
the cholesteatoma tissue samples included in the study, all 3 layers were
distinguishable: (1) The cystic layer was a large mass of anucleated keratinocytes
that can normally be assimilated to the stratum corneum of unchanged skin. In
the case of cholesteatoma, this layer is more pronounced. (2) Matrix — stratified
squamous epithelium, capable of distinguishing the same layers as the unaltered
skin epithelium in the control group — the difference is that, in the case of
cholesteatoma, these layers of epithelium were hyperproliferated. (3) Perimatrix
— subepithelial connective tissue, or granulation tissue, containing many
inflammatory cells (white blood cells, lymphocytes, plasma cells, giant cells),
collagen fibres and fibroblasts. The slides showed many small blood vessels. All
tissue slides were characterised by severe infiltration of inflammatory cells. This
layer can be compared to that of the unchanged skin dermis. In the case of
cholesteatoma, unlike unaltered skin, the connective tissue here is looser, with

severe infiltration of inflammatory cells and more vascularised (see Figure 2.2).
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Figure 2.1 Human unaltered outer ear canal sKin,
control tissue

E — stratified squamous epithelium
above which is visible stratum corneum;
S — subepithelial connective tissues
without any signs of inflammation.
Hematoxylin and eosin x 200
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Figure 2.2 Adult cholesteatoma

C — a cystic layer consisting of anucleated epithelial cells;
M — matrix, which is a hyperproliferative
stratified squamous epithelium;

P — perimatrix, which is subepithelial connective tissue,
or granulating tissue, and consists of a variety of
inflammatory cells and loose unformed connective tissue.
The material was obtained from a 58-year-old woman.
Hematoxylin and eosin, x 200

2.2 Characterisation of immunohistochemical
markers in control and patient groups

2.2.1 Matrix metalloproteinases and tissue
inhibitors of metalloproteinases

Matrix metalloproteinase-2
In the skin epithelium of the control group, in general, an occasional
(0/+) number of MMP-2 positive cells in the visual field were observed. A few

(+) MMP-2 positive cells in the visual field was detected in connective tissue.
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In paediatric cholesteatoma, generally, a few to moderate (+/++)
number of MMP-2 positive cells were observed in the matrix. Whereas, in
the perimatrix, the median number were a few (+) positive cells in the visual field.

In the matrix and perimatrix of adult cholesteatoma, generally, a few to
moderate (+/++) MMP-2 positive cells were observed in the visual field
(see Figure 2.3).

No statistically discernible differences were observed in the relative
amount of MMP-2 positive cells between the children and adult cholesteatoma
groups in both the matrix and the perimatrix. Although the relative number of
MMP-2 positive cells in both groups was higher than in the control group, it did

not achieve statistically significant differences (see Tables 2.1, 2.2, 2.3).

Figure 2.3 Moderate (++) MMP-2
positive cells in the matrix (black arrow)
and a few to moderate (+/++) factor
positive cells in perimatrix (red arrow)

Adult cholesteatoma The material obtained from
the cholesteatoma of a 27-year-old woman.
MMP-2 IHC x 250
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Matrix metalloproteinase-9

In general, a few (+) MMP-9 positive cells were observed in the skin
epithelium of the control group, while in connective tissue, the group median
was occasional (0/+) MMP-9 positive cells in the visual field.

In the paediatric cholesteatoma matrix, the median number of MMP-9
positive cells were occasional (0/+) in the visual field, but the relative number of
positive cells observed in the perimatrix were less than occasional (0-0/+)
(see Figure 2.4).

In general, an occasional (0/+) relative number of MMP-9 positive cells
were observed in the matrix and perimatrix of adult cholesteatoma.

No statistically discernible differences were observed between
the relative amount of MMP-9 in children and adult cholesteatoma’s matrix and
perimatrix. Although the relative amount of MMP-9 in the epithelium and
connective tissue of the control group was slightly higher than in both groups of
patients, no statically significant differences were observed between the control

group and the two patient groups (see Tables 2.1, 2.2, 2.3).
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Figure 2.4 Absence of MMP-9 positive
cells (0) in the matrix and perimatrix

Child cholesteatoma. The material obtained from
the cholesteatoma of a 14-year-old boy.
MMP-9 IHC x 250
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Tissue inhibitor of metalloproteinases-2

In general, a few to moderate (+/++) TIMP-2 positive cells were observed
in the skin epithelium of the control group and a few (+) factor-positive cells in
the connective tissue.

In the matrix and perimatrix of the paediatric cholesteatoma,
an occasional (0/+) relative number of TIMP-2 positive cells were observed
within the group (see Figure 2.5).

The median number of TIMP-2 positive cells in the adult cholesteatoma
group, both matrix and perimatrix, was an occasional (0/+).

No statistically significant differences were observed between
the children and adult cholesteatoma in the relative numbers of TIMP-2 positive
cells in the matrix or perimatrix. There was a tendency for statistically significant
increase in the relative amount of TIMP-2 positive cells in the epithelium of
the control group compared to the cholesteatoma matrix of children (p = 0.082).
No statistically significant differences were observed when comparing the control
group with the adult cholesteatoma group, but the relative number of TIMP-2
positive cells was higher in the control group (see Tables 2.1, 2.2, 2.3).
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Figure 2.5 Moderate (++) TIMP-2 positive
cells in the matrix and a few (+) factor
positive cells in the perimatrix (arrow)

Child cholesteatoma. The material obtained from
the cholesteatoma of a 14-year-old boy.
TIMP-2 THC x 250

Tissue inhibitor of metalloproteinases-4

In the epithelium of the control group, on average, moderate to numerous
(++/+++) TIMP-4 positive cells were observed. In the connective tissue,
the group median was moderate (++) TIMP-4 positive cells.

On average, in the matrix of paediatric cholesteatoma were observed
a moderate to numerous (++/+++) TIMP-4 positive cells, while in the perimatrix —
a moderate (++) TIMP-4 positive cells (see Figure 2.6).

On average, a moderate to numerous (++/+++) TIMP-4 positive cells
were observed in the adult cholesteatoma group both in the matrix and in
the perimatrix.

In all groups, the relative amount of TIMP-4 positive cells was similar
and no statistically discernible differences were observed between the control,

paediatric and adult cholesteatoma groups (see Tables 2.1, 2.2, 2.3).
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Figure 2.6 Numerous to abundant (+++/++++)
TIMP-4 positive cells in the matrix and moderate (++)
factor positive cells (arrow) in the perimatrix

Child cholesteatoma. The material obtained from

the cholesteatoma of a 13-year-old boy. TIMP-4 IHC x 200

Table 2.1

Statistical differences in the numbers of remodelling factors
between the cholesteatoma groups of children and adults

Tissue marker .

Children group Adult group Kruskal-Wallis p value
MMP-2 matrix MMP-2 matrix 0.415 >0.999
MMP-2 perimatrix MMP-2 perimatrix 0.986 0.972
MMP-9 matrix MMP-9 matrix —0.365 >0.999
MMP-9 perimatrix MMP-9 perimatrix 1.290 0.591
TIMP-2 matrix TIMP-2 matrix 0.576 >0.999
TIMP-2 perimatrix TIMP-2 perimatrix 0.958 >0.999
TIMP-4 matrix TIMP-4 matrix —0.205 >0.999
TIMP-4 perimatrix TIMP-4 perimatrix 0.159 >0.999

Abbreviations: MMP-2 - matrix metalloproteinase-2; MMP-9 —  matrix

metalloproteinase-9; TIMP-2 — tissue inhibitor of metalloproteinases-2; TIMP-4 —

tissue inhibitor of metalloproteinases-4
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Table 2.2

Statistical differences in the numbers of remodelling factors
between the control group and children group

Tissue marker

Control group Children group Kruskal-Wallis p value
MMP-2 epithelium MMP-2 matrix 1.005 0.945
MMP-2 connective tissue | MMP-2 perimatrix 0.370 >0.999
MMP-9 epithelium MMP-9 matrix —1.761 0.235
MMP-9 connective tissue | MMP-9 perimatrix —1.713 0.260
TIMP-2 epithelium TIMP-2 matrix —2.207 0.082*
TIMP-2 connective tissue | TIMP-2 perimatrix -1.779 0.226
TIMP-4 epithelium TIMP-4 matrix 1.018 0.926
TIMP-4 connective tissue | TIMP-4 perimatrix 1.354 0.527

Abbreviations: MMP-2 - matrix metalloproteinase-2; MMP-9 —  matrix

metalloproteinase-9; TIMP-2 — tissue inhibitor of metalloproteinases-2; TIMP-4 —
tissue inhibitor of metalloproteinases-4
Designations: *— tendency to have a statistically significant difference

Table 2.3

Statistical differences in the numbers of remodelling factors
between the control group and adult group

Tissue marker .

Control group Adult group Kruskal-Wallis p value
MMP-2 epithelium MMP-2 matrix 1.280 0.602
MMP-2 connective tissue | MMP-2 perimatrix 1.023 0.919
MMP-9 epithelium MMP-9 matrix —2.002 0.136
MMP-9 connective tissue | MMP-9 perimatrix —0.860 >0.999
TIMP-2 epithelium TIMP-2 matrix —1.826 0.203
TIMP-2 connective tissue | TIMP-2 perimatrix —1.145 0.756
TIMP-4 epithelium TIMP-4 matrix 0.883 >0.999
TIMP-4 connective tissue | TIMP-4 perimatrix 1.460 0.433

Abbreviations: MMP-2 — matrix metalloproteinase-2; MMP-9 —  matrix
metalloproteinase-9; TIMP-2 — tissue inhibitor of metalloproteinases-2; TIMP-4 —

tissue inhibitor of metalloproteinases-4
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2.2.2 Proliferation marker Ki-67

In the control group, less than an occasional (0-0/+) Ki-67 positive cells
were observed in both the epithelium and the connective tissue in two cases,
while in the rest of the cases no Ki-67 positive cells were detected (0).

In general, an occasional (0/+) number of Ki-67 positive cells were
observed in the paediatric cholesteatoma matrix, but less than an occasional
(0—0/+) number of Ki-67 positive cells was observed in the perimatrix.

In the adult cholesteatoma matrix, in overall, an occasional (0/+) amount
of Ki-67 positive cells were observed in the matrix, while the perimatrix generally
showed less than occasional (0-0/+) Ki-67 positive cells (see Figure 2.7).

There were no statistically significant differences in the relative number
of Ki-67 positive cells between the paediatric and adult cholesteatoma groups.
A statistically discernible increase in Ki-67 positive cells was observed in
the paediatric cholesteatoma matrix compared to the epithelium of the control
group (p = 0.006), but no statistically significant differences were observed in
the perimatrix compared to connective tissue, although the number of positive
cells were greater in the perimatrix. A statistically significant increase in Ki-67
positive cells was observed in adult cholesteatoma matrix and perimatrix
compared to control group epithelium and connective tissues (p=0.001;

p =0.030) (see Table 2.4).
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Figure 2.7 A few to moderate (+/++) Ki-67 positive cells
in the cholesteatoma matrix (arrow)
and the perimatrix

Adult cholesteatoma. Material obtained from
the cholesteatoma of a 27-year-old woman.
Ki-67 IHC x 200

Table 2.4

Statistical differences in the amount of proliferation marker Ki-67
between children, adult cholesteatomas, and control groups

Tissue marker ,

Children group Adult group Kruskal-Wallis p value
Ki-67 matrix Ki-67 matrix 0.886 >0.999
Ki-67 perimatrix Ki-67 perimatrix 0.908 >0.999

Control group Children group Kruskal-Wallis p value
Ki-67 epithelium Ki-67 matrix 3.110 0.006*
Ki-67 connective tissue | Ki-67 perimatrix 1.977 0.144

Control group Adult group Kruskal-Wallis p value
Ki-67 epithelium Ki-67 matrix 3.697 0.001*
Ki-67 connective tissue | Ki-67 perimatrix 2.577 0.030*

Abbreviations: Ki-67 — Kiel-67
Designations: * — statistically significant difference
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2.2.3 Nuclear factor kappa beta

In general, occasional (0/+) NF-k positive cells were observed in both
the epithelial and the connective tissue of the control group.

In paediatric cholesteatoma, on average, a moderate (++) number of
NF-kp positive cells were observed in the matrix. And a few (+) NF-«f positive
cells were observed in the perimatrix (see figure 2.8).

In the adult cholesteatoma matrix a moderate (++) number of NF-kf3
positive cells were observed in the visual field, while the median of
the perimatrix was determined as an occasional (0/+) amount of NF-kf positive cells.

When comparing the number of positive cells of NF-«f in the children’s
cholesteatoma and adult cholesteatoma group, there were no statistically
significant differences between the groups. A statistically discernible increase
of NF-kp positive cells was observed in the paediatric and adult cholesteatoma
matrix compared to the epithelium of the control group epithelium (p =0.011;
p=0.013). No statistically significant differences were observed when
comparing the perimatrix of the cholesteatoma of children and adults with

the connective tissue of the control group (see Table 2.5).
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Figure 2.8 Numerous to abundant (+++/++++)
NF-kp positive cells in the cholesteatoma matrix and
moderate to numerous (++/+++) in the perimatrix (arrow)

Child cholesteatoma. The material obtained from

the cholesteatoma of a 14-year-old boy. NF-kf§ IHC, x 250

Table 2.5

Statistical differences in the amount of transcription factor NF-kf§
between children, adult cholesteatomas, and control groups

Tissue marker ,

Children group Adult group Kruskal-Wallis p value
NF-xf matrix NF-«f matrix —-0.079 >0.999
NF-kf} perimatrix NF-«f perimatrix 0.039 >0.999

Control group Children group Kruskal-Wallis p value
NF-«f epithelium NF-«f matrix 2.915 0.011*
NF-kp connective tissue | NF-«kf perimatrix 1.779 0.226

Control group Adult group Kruskal-Wallis p value
NF-«f epithelium NF-«f matrix 2.864 0.013*
NF-kf connective tissue | NF-kf perimatrix 1.805 0.213

Abbreviations: NF-k} — nuclear factor kappa beta.
Designations: * — statistically significant difference.
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2.2.4 Pro and anti-inflammatory cytokines

Interleukin-1 alfa

In the control group, an occasional (0/+) number of IL-1a positive cells
were observed in both the epithelium and the connective tissue.

In the paediatric group, a few to moderate (+/++) IL-1a positive cells
were observed in the cholesteatoma matrix, while an occasional (0/+) amount of
IL-1a positive cells were observed in the perimatrix (see Figure 2.9).

A few to moderate (+/++) IL-1a positive cells, overall, in the matrix were
observed in the adult cholesteatoma group. A few (+) IL-1a positive cells were
observed in the perimatrix.

No statistically significant differences were observed between the relative
amount of IL-la in the cholesteatoma of children and adults. An increase in
the number of IL-1a positive cells were observed in both cholesteatoma groups
compared to the control group, but it did not reach statistical significance

(see Table 2.6).
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Figure 2.9 Numerous (+++) IL-1a positive cells in
the cholesteatoma matrix (black arrow)
and in the perimatrix (red arrow)

Child cholesteatoma. The material obtained from
the cholesteatoma of a 13-year-old boy.
IL-1a IHC, x 200.

Interleukin-10

In the control group, a moderate (++) number of IL-10 positive cells
were observed in both epithelium and connective tissue.

A few to moderate (+/++) IL-10 positive cells were observed in
paediatric cholesteatoma matrix, while a few (+) IL-10 positive cells were

observed in the perimatrix (see Figure 2.10).
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In the adult cholesteatoma group, a few to moderate (+/++) IL-10
positive cells were observed overall in the matrix and a few (+) IL-10 positive
cells were observed in the perimatrix.

When comparing the children and adult cholesteatoma groups, it did not
show any statistically significant differences in the relative amount of IL-10
positive cells between these two groups. Comparison of the control group with
both groups of patients, showed that the number of IL-10 positive cells in
the control group material were increased compared to both patient groups, but

this did not reach a statistically significant difference (see Table 2.6).

Figure 2.10 Numerous (+++) IL-10
positive cells in the cholesteatoma matrix and
moderate to numerous (++/+++) in the perimatrix

Child cholesteatoma. The material obtained from
the cholesteatoma of a 13-year-old boy.IL-10 IHC x 250
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Table 2.6

Statistical differences in the amount of pro and anti-inflammatory
cytokines between children, adult cholesteatomas, and control groups

Tissue marker

Children group Adult group Kruskal-Wallis P — value
IL-10o matrix IL-10o matrix —0.039 >0.999
IL-1a perimatrix IL-10 perimatrix 0.717 >0.999
IL-10 matrix IL-10 matrix 0.043 >0.999
IL-10 perimatrix IL-10 perimatrix 0.868 >0.999

Control group Children group Kruskal-Wallis P — value
IL-1a epithelium IL-10 matrix 1.773 0.229
IL-1a connective tissue | IL-1a perimatrix 0.526 >0.999
IL-10 epithelium IL-10 matrix —0.456 >0.999
IL-10 connective tissue | IL-10 perimatrix —1.780 0.225

Control group Adult group Kruskal-Wallis P — value
IL-1a epithelium IL-10 matrix 1.747 0.242
IL-1a connective tissue | IL-1a perimatrix 1.000 0.952
IL-10 epithelium IL-10 matrix —0.427 >0.999
IL-10 connective tissue | IL-10 perimatrix —1.205 0.684

Abbreviations: IL-1a — interleukin-1 alfa; IL-10 — interleukin-10

2.2.5 Human beta defensins

Human beta defensin-2

In general, a few (+) HBD-2 positive cells were observed in the skin

epithelium of the control group and less than occasional (0—-0/+) HBD-2 positive

cells were observed in the connective tissues. A few to moderate (+/++) relative

number of HBD-2 positive cells, in overall, were observed in the paediatric

cholesteatoma matrix, while occasional (0/+) number of HBD-2 positive cells

were observed in perimatrix (see Figure 2.11). In general, a few to moderate

(+/++) HBD-2 positive cells were observed in adult cholesteatoma matrix.

The perimatrix showed a few (+) HPD-2 positive cells. There were no

statistically significant differences in the number of HBD-2 positive cells

between the adult and child cholesteatoma groups. When comparing both groups
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of patients with the control group, it showed a statistically discernible increase
of HBD-2 positive cells in the perimatrix of the cholesteatoma (children and
adults) compared to the connective tissue of the skin (p =0.038 and p = 0.015).
The amount of HBD-2 in the cholesteatoma matrix was also higher than in

the skin epithelium but did not reach statistical significance (see Table 2.7).

Figure 2.11 Moderate (++) HBD-2 positive cells
in the cholesteatoma matrix and moderate (++)
in the perimatrix (arrow)

Child cholesteatoma. The material obtained from
the cholesteatoma of a 9-year-old girl. H3D-2 THC x 200

Human beta defensin-4
Overall, a few (+) HPD-4 positive cells were observed in the control
group cpithelium and occasional (0/+) HBD-4 positive cells were observed in

connective tissue.
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In the paediatric cholesteatoma matrix less than occasional (0-0/+)
HPD-4 positive cells were seen in the visual field. An occasional (0/+) HBD-4
positive cells were observed in perimatrix.

An occasional (0/+) relative number of HPD-4 positive cells were
observed in adult cholesteatoma matrix and perimatrix (see Figure 2.12).

No statistically discernible differences in the amount of HBD-4 positive
cells between children and adult cholesteatoma groups were found. Comparing
the paediatric cholesteatoma group with the control group, it showed a tendency
for a statistically significant increase in the number of HBD-4 positive cells in
the epithelium of the control group compared to the cholesteatoma matrix
(p = 0.099). Comparing the adult cholesteatoma group with the control group, it
showed an increased amount of HBD-4 positive cells in the control group tissue,

but it was not statistically significantly increased (see Table 2.7).

Figure 2.12 Moderate to numerous (++/+++)
HBD-4 positive cells in the cholesteatoma matrix
and a few (+) in the perimatrix (arrow)

Adult cholesteatoma. Material obtained from
the cholesteatoma of a 27-year-old woman.
HBD-4 THC x 250
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Table 2.7

Statistical differences in the amount of human beta defensins
between children, adult cholesteatomas, and control groups

Tissue marker .

Children group Adult group Kruskal-Wallis P — value
HBD-2 matrix HBD-2 matrix 0.587 >0.999
HPD-2 perimatrix HBD-2 perimatrix 0.480 >0.999
HPBD-4 matrix HBD-4 matrix 0.868 >0.999
HBD-4 perimatrix HBD-4 perimatrix —0.719 >0.999

Control group Children group Kruskal-Wallis P — value
HBD-2 epithelium HBD-2 matrix 1.339 0.542
HPD-2 connective tissue HBD-2 perimatrix 2.498 0.038*
HBD-4 epithelium HBD-4 matrix —2.132 0.099*
HBD-4 connective tissue HBD-4 perimatrix —0.627 >0.999

Control group Adult group Kruskal-Wallis P — value
HBD-2 epithelium HBD-2 matrix 1.727 0.253
HPD-2 connective tissue HBD-2 perimatrix 2.815 0.015*
HBD-4 epithelium HBD-4 matrix —1.558 0.358
HBD-4 connective tissue HBD-4 perimatrix —1.103 0.811

Abbreviations: HB3D-2 — Human beta defensin-2; H3D-4 — Human beta defensin-4
Designations: * — statistically significant difference; ' — tendency for statistically
significant difference

2.2.6 Vascular endothelial growth factor

The relative number of VEGF positive cells in the control group
epithelium was, on average, moderate to numerous (++/4++). A few (+) VEGF
positive endotheliocytes were observed in the blood vessels of the connective tissue.

On average, a moderate (++) number of VEGF positive cells were
observed in the paediatric cholesteatoma matrix, while an occasional (0/+)
amount of VEGF positive endotheliocytes were observed in perimatrix
(see Figure 2.13).

In the adult cholesteatoma group, a few to moderate (+/++) VEGF
positive cells were observed in the matrix. An occasional (0/+) VEGF positive

endotheliocytes were observed in perimatrix.
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Comparing the children’s cholesteatoma and adult cholesteatoma groups,
it showed no statistically plausible differences between the two groups. There
were also no statistically significant differences when comparing a group of
paediatric patients with a control group. Comparing the adult cholesteatoma
group with the control group, it showed a tendency for statistically significant
increase in the number of VEGF positive cells in the control group epithelium
compared to the cholesteatoma matrix (p =0.096), but this tendency was not
observed when comparing the connective tissue of the control group and

the perimatrix of the cholesteatoma (see Table 2.8).

Figure 2.13 Numerous to abundant (+++/++++)
VEGTF positive cells in the cholesteatoma matrix and,
moderate to numerous (++/+++) in the perimatrix,
both endoteliocytes (arrow) and inflammatory cells

Child cholesteatoma. The material obtained from
the cholesteatoma of a 16-year-old girl. VEGF IHC x 250
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Table 2.8

Statistical differences in the amount of VEGF
between children, adult cholesteatomas, and control groups

Tissue marker .

Children group Adult group Kruskal-Wallis p value
VEGF matrix VEGF matrix —0.694 >0.999
VEGEF perimatrix VEGF perimatrix 0.486 >0.999

Control group Children group Kruskal-Wallis p value
VEGF epitheliums VEGF matrix —1.687 0.275
VEGEF connective tissue | VEGF perimatrix —0.973 0.991

Control group Adult group Kruskal-Wallis p value
VEGEF epithelium VEGF matrix —2.146 0.096"
VEGEF connective tissue | VEGF perimatrix —0.652 >0.999

Abbreviations: VEGF — vascular endothelial growth factor
Designations: *— tendency for statistically significant difference

2.2.7 Sonic hedgehog gene protein

In general, a few to moderate (+/++) SHH positive cells were observed in
the epithelium of the control group tissue. And a few (+) SHH positive cells
were observed in the connective tissue of the skin.

On average, moderate to numerous (++/+++) SHH positive cells were
observed in paediatric cholesteatoma matrix, while the perimatrix showed
a few to moderate (+/++) SHH positive cells.

In the adult cholesteatoma matrix, on average, moderate to numerous
(++/+++) SHH positive cells were observed, and a moderate (++) number of
SHH positive cells were observed in the perimatrix (see Figure 2.14).

Comparing the cholesteatoma groups of children and adults, we found no
statistically ~ significant differences between them. When comparing
the paediatric and adult cholesteatoma groups with the control group, it showed
a statistically significant increase in SHH positive cells in the cholesteatoma
perimatrix compared to the control skin connective tissue (p=0.011 and

p = 0.005). When comparing the cholesteatoma matrix of the two groups with
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the control skin epithelium, it did not show statistically significant differences

between the groups, but SHH positive cells were increased in the cholesteatoma

groups (see Table 2.9).

Figure 2.14 Numerous (+++) SHH positive cells in
the cholesteatoma matrix and a few to moderate (+/++)
in the perimatrix (arrow)

Adult cholesteatoma. Material obtained from

the cholesteatoma of a 27-year-old woman. SHH IHC, x 250

Table 2.9

Statistical differences in the amount of SHH gene protein
between children, adult cholesteatomas, and control groups

Tissue marker .

Children group Adult group Kruskal-Wallis p value
SHH matrix SHH matrix 0.482 >0.999
SHH perimatrix SHH perimatrix 0.363 >0.999

Control group Children group Kruskal-Wallis p value
SHH epithelium SHH matrix 0.999 0.954
SHH connective tissue | SHH perimatrix 2.906 0.011*
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Table 2.9 continued

Ti k
1ssue marxer Kruskal-Wallis p value
Control group Adult group
SHH epithelium SHH matrix 1.318 0.563
SHH connective tissue | SHH perimatrix 3.146 0.005*

Abbreviations: SHH — Sonic hedgehog gene protein
Designations: * - Statistically significant difference

2.3 Statistical correlations of data

2.3.1 Statistical correlation of data in control group

29 statistically significant correlations were observed in the control group.

Of these, 20 statistically significant correlations were a very strong
positive (rs=0.8-1.0). Two correlations were very strong negative
(rs = —1.0—0.8) and seven statistically significant correlations were strong
positive correlations (rs = 0.6-0.8).

The strongest statistically significant correlations in the control group

are summarised in Table 2.10.

Table 2.10
Statistically significant correlations
between different tissue factors in the control group
Correlation Tissue markers between which Sp earma.nn p

. . . correlation
tightness correlation has been established . value

coefficient
VEGEF epithelium and HBD-2 epithelium 0.971 <0.001
A very TIMP-2 epithelium and NF-«f epithelium 0.925 0.003
strong MMP-9 epithelium and SHH epithelium 0.924 0.003
positive TIMP-2 connective tissue and HBD-2 epithelium 0.921 0.003
correlation | VEGF epithelium and VEGF connective tissue 0.911 0.004
(0.8-1.0) MMP-9 epithelium and SHH connective tissue 0.896 0.006
IL-10 epithelium and IL-10 connective tissue 0.891 0.007
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Table 2.10 continued

Correlation | Tissue markers between which correlation Sp earmann p
. . correlation
tightness has been established . value
coefficient
TIMP-2 connective tissue and VEGF epithelium 0.885 0.008
TIMP-4 connective tissue and SHH epithelium 0.882 0.009
HBD-4 epithelium and HBD-4 connective tissue 0.870 0.011
TIMP-4 epithelium and TIMP-4 connective tissue 0.868 0.011
VEGEF connective tissue and HBD-2 epithelium 0.856 0.014
A very SHH epithelium and NF-kf3 epithelium 0.851 0.015
strong TIMP-4. connective tissue and NF-«f 0.845 0017
positive connective tissue
lati - ive ti
correlation | TIMP 2' connective tissue and VEGF 0.845 0017
(0.8-1.0) connective tissue
MMP-2 epithelium and TIMP-2 epithelium 0.833 0.020
NF-«p epithelium and NF-«kf} connective tissue 0.827 0.022
TIMP-2 epithelium and SHH epithelium 0.824 0.023
SHH epithelium and NF-kf3 connective tissue 0.819 0.024
TIMP-4 epithelium and SHH epithelium 0.811 0.027
A very IL-1a epithelium and IL-10 connective tissue —-0.829 0.021
strong
negative
correlation . .
~10t0-08) MMP-2 epithelium and IL-1a connective tissue 0.808 0.028
Abbreviations: MMP-2 -~ matrix metalloproteinase-2; MMP-9 -  matrix

metalloproteinase-9; TIMP-2 — tissue inhibitor of metalloproteinases-2; TIMP-4 — tissue
inhibitor of metalloproteinases-4; NF-kf3 — Nuclear factor kappa beta; IL-1a — Interleukin-1
alfa; IL-10 — Interleukin-10; HBD-2 — Human beta defensin-2; HBD-4 — Human beta
defensin-4; VEGF — Vascular endothelial growth factor; SHH — Sonic hedgehog gene protein.

2.3.2 Statistical correlation of data in paediatric patient group
A total of 174 statistically significant very strong, strong, a moderately strong
and weak positive correlations were observed in the children’s cholesteatoma group.
Of all statistically significant correlations, six were very strong positive
correlations (rs = 0.8 — 1.0), 62 were strong positive correlations (rs = 0.6 — 0.8).
Moderately strong positive correlations (rs = 0.4 — 0.6) were 104 and statistically

significant weak positive correlations (rs = 0.2 — 0.4) were two.
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The strongest statistically significant correlations in the children’s

cholesteatoma group are summarised in Table 2.11.

Statistically significant correlations
between different tissue factors in the children cholesteatoma group

Table 2.11

Correlation Tissue markers between which Sp earma.nn P
tightness correlation has been established correla.t 1001 Value
coefficient

TIMP-4 matrix and TIMP-4 perimatrix 0.841 <0.001

A very strong IL-10 matrix and HBD-2 matrix 0.828 <0.001

positive IL-1a matrix and NF-«3 matrix 0.827 <0.001

correlation SHH matrix and SHH perimatrix 0.813 <0.001

(0.8-1.0) | SHH matrix and Ki-67 matrix 0.803 <0.001

MMP-2 matrix and MMP-2 perimatrix 0.803 <0.001

MMP-2 matrix and SHH matrix 0.786 <0.001

MMP-2 perimatrix and SHH matrix 0.786 <0.001

Ki-67 matrix and Ki-67 perimatrix 0.780 <0.001

SHH matrix and NF-kf§ matrix 0.753 <0.001

NF-kp matrix and HBD-2 matrix 0.750 <0.001

A strong HBD-2 matrix and HBD-2 perimatrix 0.748 <0.001

positive SHH perimatrix and Ki-67 matrix 0.746 <0.001

correlation VEGF matrix and VEGF perimatrix 0.745 <0.001

(0.6-0.8) TIMP-4 matrix and NF-xp matrix 0.738 <0.001

NF-kp matrix u and n Ki-67 matrix 0.726 <0.001

TIMP-4 perimatrix and IL-10 perimatrix 0.721 <0.001

IL-1a matrix and IL-10 perimatrix 0.720 <0.001

IL-1a matrix and IL-1a perimatrix 0.716 <0.001

MMP-9 perimatrix and IL-1a perimatrix 0.714 <0.001

IL-1a perimatrix and VEGF perimatrix 0.714 <0.001

A strong MMP-9 matrix and MMP-9 perimatrix 0.710 <0.001

positive IL-10. matrix and IL-10 matrix 0.709 <0.001
correlation - . -

(0.6-0.8) SHH matrix and NF-kf} perimatrix 0.702 <0.001

IL-1a matrix and HBD-2 matrix 0.700 <0.001

Abbreviations: MMP-2 -~ matrix metalloproteinase-2; MMP-9 matrix

metalloproteinase-9; TIMP-4 — tissue inhibitor of metalloproteinases-4; NF-kf§ — Nuclear
factor kappa beta; IL-1o — Interleukin-1 alfa; IL-10 — Interleukin-10; HBD-2 — Human
beta defensin-2; VEGF — Vascular endothelial growth factor; SHH — Sonic hedgehog gene
protein.
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2.3.3 Statistical correlation of data in adult patient group

A total of 76 statistically significant correlations were observed in
the adult cholesteatoma group.

Of these, four were very strong positive correlations (rs = 0.8—1.0).
In 24 cases, strong positive correlations were observed (rs = 0.6-0.8).
Moderately strong positive correlations (rs = 0.4-0.6) were 46 and statistically
significant weak positive correlations (rs = 0.2—0.4) were two.

The strongest statistically significant correlations in the adult

cholesteatoma group are summarised in Table 2.12.

Table 2.12

Statistically significant correlations
between different tissue factors in the adult cholesteatoma group

Correlation Tissue markers between which Sp earma.nn P
. . . correlation
tightness correlation has been established . value
coefficient
A very strong | IL-10 matrix and HBD-2 matrix 0.841 <0.001
positive IL-1a matrix and HBD-2 matrix 0.827 <0.001
correlation | IL-1a matrix and IL-10 matrix 0.813 <0.001
(0.8-1.0) IL-10 matrix and IL-10 perimatrix 0.801 <0.001
MMP-9 perimatrix and NF-kf perimatrix 0.790 <0.001
A very.ts.trong IL-1a matrix and IL-10 perimatrix 0.762 <0.001
POSILIVE IL-10 perimatrix and NF-«f} perimatrix 0.751 <0.001
correlation - - - -
(0.6-0.8) TIMP-4 perimatrix and NF-«f} perimatrix 0.749 <0.001
NF-«p perimatrix and HBD-2 perimatrix 0.748 <0.001
A very strong
POSIVE | MMP-2 matrix and SHH matrix 0.719 | <0.001
correlation
(0.6-0.8)
Abbreviations: MMP-2 - matrix metalloproteinase-2; MMP-9 —  matrix

metalloproteinase-9; TIMP-4 — tissue inhibitor of metalloproteinases-4; NF-kf§ — Nuclear
factor kappa beta; IL-1o — Interleukin-1 alfa; IL-10 — Interleukin-10; HBD-2 — Human
beta defensin-2; SHH — Sonic hedgehog gene protein
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3 Discussion

The scientific literature finds a relatively broad range of studies related to
acquired human cholesteatoma. However, studies are predominantly based on
clinical and/or radiological evaluation, while morphology is less studied. There
are even fewer comparative studies that evaluate acquired adult and paediatric
cholesteatoma. Of these comparative studies, few compare these two groups in
morphological terms. Consequently, different opinions exist as to whether and
how the children and adult cholesteatoma differs.

The pathogenesis of cholesteatoma has not been fully explained;
however, it is known that cholesteatoma is related to bone tissue remodulation,
inflammation, and distinct cell proliferation and growth. Our study evaluated
MMP-2, MMP-9, TIMP-2, TIMP-4, Ki-67, NF-«f, IL-1 o, IL-10, HBD-2,
HPBD-4, VEGF and SHH in children, adult acquired cholesteatoma tissue, and
control tissue, which is the skin of the outer ear passage. Selected tissue markers
represent the clinical signs of the cholesteatoma. It should be emphasised that
this is one of the most extensive studies by number of tissue markers, reflecting
the different morphofunctional processes characterising cholesteatoma, and this
makes our study one of the most detailed available in the scientific literature
when comparing groups of children and adults. The study also looked at several
tissue markers that have not previously been studied in cholesteatoma tissues,
such as TIMP-4, HBD-4 and SHH, making it impossible in these cases to
compare the results with other researchers. However, this made it necessary to
investigate studies of other pathologies so that cautious conclusions could be
drawn on the results obtained. Finally, by studying the different tissue factors,
we showed complex cholesteatoma pathogenesis by evaluating, explaining, and
substantiating the different correlations between tissue factors in

the cholesteatoma tissue of both patient groups.
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In routine microscopy samples, hyperproliferation of the epithelial layer,
or matrix, was observed in both groups of cholesteatoma compared to
the unchanged skin epithelium of the outer ear canal of the control group.
The cholesteatoma matrix was similar to the epithelium of unchanged skin, with
the same layers (basale, spinosum, granulosum and lucidum), yet they were
hyper-proliferated in the case of cholesteatoma. These observations also coincide
with the data described by other authors (Lim and Saunders, 1972). There were
no visible differences between the two groups of patients. This can be explained
by the fact, that the causes and mechanism of the occurrence of cholesteatoma
are similar in patients of all ages (Louw, 2010).

No marked differences were observed between the groups of paediatric
and adult patients when evaluating subepithelial connective tissues, or
the perimatrix. However, there were individual differences in each group of
patients. In particular, in some patients, the perimatrix was thicker and
significantly more infiltrated with inflammatory cells, while in others,
the perimatrix was thinner and the infiltration of inflammatory cells was lower.
Such a picture was seen in both groups of children and adults. Other authors
published similar observations (Dornelles et al., 2006). Comparing
the perimatrix of the cholesteatoma with the subepithelial connective tissues of
the control skin showed that the connective tissue in the cholesteatoma group
was looser and much more infiltrated with inflammatory cells, as well as
significantly higher amounts of small blood vessels were observed. These data
show a common tumour picture, dominated by inflammation and neo angiogenesis,

which contribute to tumour formation, but these are nonspecific changes.

3.1 Tissue remodulation
In the case of human acquired cholesteatoma, the action of remodelling
factors initiates the destruction of surrounding bone tissue (Morales et al., 2007;

Juhasz et al., 2009). When evaluating the relative amount of MMP-2, no
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statistically significant differences were observed between the groups of
cholesteatomas of children and adults. The findings differ from the only other
study comparing MMP-2 expression in groups of children and adult patients.
Dornelles et al. in their study show that MMP-2 in children’s cholesteatoma
tissues was statistically significant increased compared to adults (Dornelles et al.,
2009). The difference between studies is that in the Dornelles et al. study,
the semiquantitative counting system included only four values (0-3), which can
lead to potentially higher odds of error in statistical calculations. However,
the number of comparative studies of such two groups is so small, that objective
comparisons of data between studies are difficult.

When comparing the expression of MMP-2 in tissue of both groups of
cholesteatomas with the tissue of the control group, the relative amount of
MMP-2 was higher in the patient group than in the control group, but no
statistically significant differences were observed. Banerjee et al. also observed
similar results in their study (Banerjee et al., 1998). These results are supported
by Morales et al., who in their study shows that clinically aggressive
cholesteatomas have higher expression of MMP-2, while the relative amount of
MMP-2 in less aggressive cholesteatoma will be like any other pathological-free
tissue (Morales et al., 2007). The author of this study did not correlate the clinical
data of the patients with biomarkers; however, when evaluating each patient
individually, it could be seen that there were patients with higher and lower
expression of MMP-2 in the tissue, and if evaluated clinically, there could be
correlations between MMP-2 expression and the clinical manifestation of
the tumour. However, this is the direction of the prospective study.

The relative amount of MMP-9 in children’s and adults’ cholesteatoma
tissues was similar and no statistically plausible differences were observed
between these groups. Palkd et al. also obtained similar data and found no

statistically significant differences between the groups of children and adults in
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their study (Palko et al., 2018), but distinguishing the study groups further, it
showed higher rates of MMP-9 in adults with recurrent cholesteatoma.
The opposite results were obtained by Dornelles et al., who shows in their study
that the relative amount of MMP-9 was higher in children’s cholesteatoma than
in adult cholesteatoma (Dornelles et al., 2009). It should be stressed that
the different results obtained may be influenced by the selection of patients:
the higher the inflammation during tissue analysis, the higher the expression of
MMP-9 in the tissues. In addition, Juhdsz et al. showed in their study that
antibacterial therapy can reduce the amount of MMP-9 in tissues (Juhész et al.,
2009). As we know, in the children’s population, the incidence of middle ear
inflammation is significantly higher than in the adult population (Al-Shehri
et al.,, 2021), which may help explain why the studies of some authors in
the children’s group show higher expression of MMP-9 in cholesteatoma tissue
compared to adult cholesteatoma.

Comparing the cholesteatoma tissue of both groups and the skin of
the control group and the relative amount of MMP-9 in them, we found no
significant differences between the groups. However, in the control group,
the relative amount of MMP-9 was slightly higher than in both groups of
cholesteatoma. Banerjee et al. obtained similar data, which found no statistically
significant differences between cholesteatoma and control skin in their study but
showed slightly higher factor rates in the cholesteatoma group (Banerjee et al.,
1998). Also, Rezende et al. in their study did not detect MMP-9 signal in
cholesteatoma tissue using PCR (Rezende et al., 2012). The data obtained by
Rezende et al. can be attributed in part to the results we obtained, as MMP-9 was
very poorly expressed or could not be found at all in many micro-preparations.
On the contrary, the opposite results, where MMP-9 is statistically significantly
more expressed in cholesteatoma tissue compared to the control group, have been

obtained by several authors (Olszewska et al., 2016; Juhasz et al., 2009;
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Suchozebrska-Jesionek et al., 2008; Kaya et al., 2020). These authors also
correlate the amount of MMP-9 with clinical aggressiveness of
the cholesteatoma. But there are studies showing that decreased amount of
MMP-9 exacerbate angiogenesis in tumour tissue (Pozzi et al., 2002). Although
this study was conducted in the animal model and does not bind to
the cholesteatoma, it may explain that not only an increased level of MMP-9, but
also a decrease in it, may induce angiogenesis in tumour tissue, possibly
including the cholesteatoma.

The relative amount of TIMP-2 in cholesteatoma tissue in children and
adults was similar and no statistically significant differences were observed
between these groups. In the scientific literature available to us, we could not
find another comparative study evaluating the expression of TIMP-2 in
cholesteatoma of children and adults. When comparing the cholesteatoma of
children and adults with the control group, there was a tendency to have
a statistically significant lower expression of TIMP-2 in the group of children
than in the control tissue. The relative number of TIMP-2 positive cells was also
fewer in the adult group than in the control group, however, the difference was
not as pronounced as in children. Kaya et al. obtained similar data, although in
a study with a different design where the number of genes was studied, showing
that TIMP-2 was reduced in cholesteatoma tissue compared to control skin tissue
(Kaya et al., 2020).

The relative amount of TIMP-4 in children and adults cholesteatoma was
similar and no statistically significant differences were observed between
the groups. There were also no statistically significant differences when
comparing the groups of both patients with the control group. However,
the expression of TIMP-4 was higher in the cholesteatoma tissue of both groups
than in the control skin tissue. No studies, on the relationship between TIMP-4

and cholesteatoma, can be found in the available scientific literature. Since
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TIMP-4 is significantly more expressed in cholesteatoma tissue than TIMP-2, we
concluded that, regardless of the patient’s age, it plays an important role in
the pathogenesis of cholesteatoma.

When evaluating our findings on remodelling factors, we observed that
the expression of these factors in cholesteatoma tissues was variable (MMP-2
expression tended to increase, MMP-9 tended to decrease, and TIMP-2 tended
to decrease, TIMP-4 tended to increase) compared to the control group. This
means that an important balance between MMPs and TIMPs in cholesteatoma
tissues has been altered. This change in this balance results in tissue remodelling
in the middle ear in patients with cholesteatoma. This is also supported by other
researchers, who explain that the imbalance between MMPs and TIMPs
complexes in cholesteatoma tissues suggests ECM proteolysis, which causes
bone tissue deformation in patients with cholesteatoma (Schonermark et al.,
1996). These changes are observable and similar regardless of patient age, as
demonstrated by similar relative amounts of remodelling factors and similar
correlations between these tissue markers in the two cholesteatoma patient
groups. In this study, we observed strong positive correlations between all
remodelling factors in both children and adult cholesteatoma groups, indicating

that there is a regulation between them.

3.2 Proliferation of cholesteatoma tissue

Increased cell proliferation is one of the main characteristics of
cholesteatoma (Yesilova et al., 2017). We used the proliferation marker Ki-67,
one of the most reliable markers that show cell division, as well as being used in
oncology to determine tumour aggressiveness (Petrelli et al., 2015). When
comparing the expression of Ki-67 in tissues of cholesteatoma of children and
adults, it showed no statistically significant differences between the groups.
Research can be found in the scientific literature that the relative amount of

Ki-67 is similar in both children’s and adults’ cholesteatoma tissues (Sikka et al.,
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2012; Mallet et al., 2003). However, there are different opinions, such as Bujia
et al., in their study, showing that the proliferation index of children’s
cholesteatoma cells is higher than that of adults (Bujia et al., 1996). Differences
between the study results can, of course, also be searched in the study designs,
however, in our view, a more important aspect has been mentioned by other
authors. Respectively, not all cholesteatomas will be “active.” In their study,
Mallet et al. divided cholesteatoma into two groups, active and inactive.
In the active cholesteatomas, Ki-67 positive cells will be seen throughout
the basal layer, whereas in nonactive tumours, Ki-67 positive cells were scattered
intermittently across the basal layer (Mallet et al., 2003). Inactive cholesteatomas
show a lower proliferation index. This applies to both groups — children and
adults. Our study also had these “active” and “inactive” cholesteatomas in both
groups of patients. This is consistent with what Bujia et al. mention in their study,
that the tissue of one individual’s cholesteatomas expresses Ki-67 unequally
across all fields of vision.

The results we obtained show a statistically significant increase in the
relative amount of Ki-67 positive cells in the tissues of the cholesteatoma of
children and adults compared to the skin of the control’s outer ear canal. Other
researchers (Akdogan et al., 2013; Chung et al., 2015) have similar results,
notably, no studies showing different results were found.

By evaluating our findings, we can conclude that the proliferation of
cholesteatoma cells does not depend on the patient’s age. In our study, both
groups of cholesteatoma were homogeneous and both groups showed similar
individual changes between patients. Additionally, Ki-67 is a highly reliable
proliferation marker for assessing the activity of cholesteatoma cell division and
shows differences between comparable tissues. Ki-67 is potentially significant in
clinical medicine, where this marker could be used to determine how each

patient’s cholesteatoma tissue is capable of proliferating, i.e. to evaluate
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the proliferation index of these tissues. That would allow prediction of the
potential rate of recurrence development, and, in patients with a potentially
higher cholesteatoma proliferation index, control MRI scan or reoperation would be

needed earlier than in patients with a cholesteatoma with a low proliferation index.

3.3 Transcription factor

NF-kf is a significant factor in cell regulation. It mostly regulates
inflammatory processes in the body, but has also been associated to cell
proliferation and apoptosis processes (Schiirmann et al., 2022; Giuliani et al.,
2018). When comparing children’s cholesteatoma with adult cholesteatoma
tissues and NF-«xf expression in them, it did not show statistically discernible
differences between these groups. From the results obtained, we can conclude
that the processes regulated by NF-k3 do not depend on the age of the patient.
Jesic et al. also found no differences between the adult and paediatric groups in
the relative amount of NF-kf in tissues acquired from the middle ear in the case of
a chronic inflammation (including cholesteatoma) in their study (Jesic et al., 2014).

Statistically significant differences were observed when comparing
NF-kp expression in cholesteatoma tissues of children and adults with control
skin. NF-kp was statistically more likely to be expressed in both children’s
cholesteatomas and adult cholesteatomas matrix compared to the control skin
epithelium. Similar results, where increased expression of NF-«kf is observed in
the epithelium of the cholesteatoma compared to the skin of the ear region, are
also demonstrated by other authors (Byun et al., 2010; Xu et al., 2009; du et al.,
2016; Liu et al., 2014). Byun et al. also speculate that activated and increased
excretion of NF-kf limits cell apoptosis resulting in hyperproliferation of
epithelial cells, which is significant in the pathogenesis of cholesteatoma (Byun
et al., 2010). Liu et al. also conclude in their study that the increased NF-«f3,
along with other cellular factors, induce hyperproliferation of cholesteatoma

cells through the signal pathway (Liu et al., 2014). Our study observed close and
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moderate correlations in the cholesteatoma groups of children and adults
between NF-kf and Ki-67. These results are similar to the conclusions of the two
authors mentioned above on the involvement of NF-«f in cell proliferation in
cholesteatoma.

In our study, we found strong positive correlations between MMP-2,
MMP-9 and NF-kf in cholesteatoma tissue of both ages. These results can be
explained by research from other authors, where NF-kf has been shown to be
one of the regulators of MMP-2 and MMP-9 (Schiirmann et al., 2022) in
cholesteatoma and other tissues, and stimulates tumour growth, especially
angiogenesis by activating MMP activity (Shuman Moss et al., 2012). We also
found strong and moderate correlations between NF-kf and VEGF in both
groups of patients, suggesting that NF-xf may affect angiogenesis in
cholesteatoma tissue. This claim is supported by Fukudome et al., who
demonstrate in their study that NF-kf initiates VEGF activation (Fukudome
et al., 2013). VEGF, MMP-2 and MMP-9 are known to be related to each other,
and both promote and inhibit angiogenesis in tissues of different tumours
(Zhu et al., 2019), and the correlations between these factors shown in our study
suggest that the mechanisms of angiogenesis and tissue remodelling are similar
in cholesteatoma tissues as well, and that one of the regulators for these
mechanisms is NF-xf. Importantly, the results of our study are similar in both
cholesteatoma groups.

NF-kf is mentioned mainly in relation to inflammation regulation. IL-1
is known to activate NF-kP in different tissues. Activated NF-kf further
promotes the regulation of inflammatory genes and the binding of inflammatory
cells (Guo et al., 2024). IL-10, in turn, weakens NF-«f activation through signal
pathways by limiting inflammatory development (Li et al, 2023).
In an experimental study, mice, inhibited by IL-10 activity, were shown to

increase NF-kf} by producing inflammation (Saadane et al., 2005). Although no
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such studies have been conducted in tissues with cholesteatoma, we also found
inflammatory superiority in our study and observed decreased relative levels of
IL-10 compared to control tissues. As a result, we may cautiously conclude that
decreased expression of IL-10 in cholesteatoma tissue affects that the relative
number of NF-«f is increased and enhances inflammatory processes. This theory
is also reinforced by the close correlations between IL-1, IL-10 and NF-kf in
both children’s and adults’ cholesteatoma tissues.

NF-«p is involved in many different processes in the human body and
disease pathogenesis (Giuliani et al., 2018), which we also observe in our study.
Specifically, we discovered the involvement of this factor in inflammation, cell
proliferation, angiogenesis and tissue remodelling processes, explaining
the correlations with all cell factors examined in this study. Thus, we emphasise
the complex and important function of NF-kf also in the pathogenesis of

cholesteatoma.

3.4 Pro and anti-inflammatory cytokines

No statistically significant differences were observed in the relative
amounts of either IL-1a or IL-10 in cholesteatoma tissues between the children
and adult groups. The findings suggest that the action of pro- and
anti-inflammatory cytokines and the regulation of the inflammatory process is
similar in both groups of patients. It is supported by the strong and very strong
correlations between IL-1a and IL-10 in both groups. However, the available
literature lacks comparative research between groups of children and adults.

There were also no statistically discernible differences in the relative
amounts of the two cytokines when comparing the groups of children and adults
with the control group. The relative number of IL-la positive cells in
cholesteatoma tissues was higher than in the control group but was not
statistically significant. In studies by other authors, the amount of IL-la in

cholesteatoma tissues was statistically significantly increased compared to
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the control group (Bujia et al., 1996; Yetiser et al., 2002; Kuczkowski et al.,
2011; Candar et al., 2022). However, these studies have been conducted with
quantitative IL-1o detection methods such as Western blot and ELISA. Our
results are similar to those of other authors because we found a large infiltration
of inflammatory cells in the perimatrix of the cholesteatoma, although only
a fraction of these inflammatory cells emitted IL-1a. Its absolute amount was
higher than in the skin, suggesting an involvement of this cytokine in
inflammation process.

It has been described that IL-1a induce the growth of the cholesteatoma
and the deformation of bone tissue in the middle ear in patients with
cholesteatoma (Bujia et al., 1996; Lee et al., 2010). IL-1a initiates osteoclasts
and increases bone matrix degradation (Artono et al., 2020). MMP-2 and
MMP-9 are also known to be directly related to damage to the bone matrix in
the case of cholesteatoma (Morales et al., 2007; Juhasz et al., 2009). The role of
IL-1a as a trigger for MMP-2 and MMP-9 and the subsequent initiation of
osteoclasts has previously been demonstrated (Kusano et al., 1998; Jia et al.,
2021). These studies also explain the data we obtained. In our study, we observed
correlations between IL-la and MMP-2 and MMP-9. We assume that in
cholesteatoma tissue, IL-1aq, is a significant inflammatory aggravating factor that
can affect bone tissue deformation in patients with cholesteatoma regardless of age,
as the resulting correlations were observed in both the children and adult groups.

When evaluating the relative amount of IL-10 in both patient groups and
control groups, it was found that it was decreased in both patient groups
compared to the control group, but no statistically reliable differences were found
between the groups. Kuczkowski et al. also found no statistically significant
differences between the cholesteatoma group and the control group in their study
(Kuczkowski et al., 2011). In other studies, the authors mention that a decreased

amount of IL-10 can cause chronic inflammation of the middle ear and that
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the factors that promote and suppress inflammation must be in balance
(Smirnova et al., 2004; Juhn et al., 2008). Interestingly, our study found strong
positive correlations between IL-1o and IL-10 in both groups of patients, but
very strong and negative correlations in the control group. These differences
could be explained by the fact that dysregulation develops in cholesteatoma
tissue between pro- and anti-inflammatory cytokines, resulting in chronic
inflammation, leading to further changes in tissues and the function of tissue
factors, for example bone tissue remodulation. This assumption was also made
by Kuczkowski et al. (Kuczkowski et al., 2011).

IL-10 has been shown to inhibit MMP-9 as an inflammation suppressant
cytokine, but it activates TIMP-2 (Mertz et al., 1994; Lee and Kim, 2014;).
However, since studies with IL-10 and its role in the pathogenesis of
the cholesteatoma are scarce, explanations should be sought elsewhere. In our
study, we found close positive correlations between IL-10 and MMP-9,
TIMP-2, TIMP-4 in cholesteatoma tissue of children and adults. These results
could indicate that IL-10 is involved in the regulation of MMPs and TIMPs, also
in the case of cholesteatoma. Since IL-1a is known to regulate the functioning of
MMPs, we assume that the already proven dysregulation between IL-la and

IL-10 may also affect the balance between MMP and TIMP complexes.

3.5 Human beta defensins

The acquired human cholesteatoma is characterised by chronic bacterial
inflammation. One of the most common bacteria in chronic inflammation of
the middle ear is P. aeruginosa, against which HBD-2 and HBD-4 produce strong
local antibacterial effects (Ricciardiello et al., 2009). When comparing
the relative amounts of these two defensins, it did not show statistically
significant differences between the groups of children and adults. Comparable

comparative studies could not be found in the available scientific literature. From
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our findings, we can conclude that the local antimicrobial function of tissue
factors in patients with cholesteatoma does not depend on the age of the patient.

Statistically ~ significantly increased HPD-2  expression in
the cholesteatoma perimatrix were observed when comparing the relative amount
of HBD-2 in both groups of cholesteatoma patients and control skin. There was
also an increase in the amount of HPD-2 in the epithelial layer for
the cholesteatoma groups, but it did not reach statistical significance. The data of
our study coincide with the results of other authors, where HPD-2 is more
expressed in cholesteatoma compared to control tissue (Park et al., 2003; Ren
et al., 2005; Song et al., 2007). These results are supported by studies where
increased expression of HBD-2 in tissues is initiated by cytokines and bacteria
(Meyer et al., 2000; harder et al., 2000). Our study also finds similar very strong
and strong correlations in the case of cholesteatoma in children and adults
between HBD-2 and IL-1a, as well as between HBD-2 and NF-xf, and between
NF-xf and IL-la. This relationship between the factors listed above is not
accidental and has also been shown in other studies where IL-1a has been
identified as a trigger for HBD-2, while NF-kf is a regulator of this process
(Moon et al., 2002; Wehkamp et al., 2006). When evaluating anti-inflammatory
activity in the cholesteatoma, we found similar correlations in the children and
adult groups between HPD-2 and IL-10 in the perimatrix of the cholesteatoma,
where there are many white blood cells, which could mean that in
anti-inflammatory activity, both factors help each other. The results we have
obtained, help explain Kanda et al., who demonstrate that HBD-2 stimulates
IL-10 activity in T cells (Kanda et al., 2011). From these results, we can conclude
that HBD-2 is a significant antimicrobial peptide involved in the regulation of
inflammatory processes and is similar in function to patients with cholesteatoma

of all ages.
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We obtained interesting results by comparing the amount of HBD-4 in
both patient and control groups. Although the tendency to decrease in HBD-4 is
observed only in the paediatric cholesteatoma matrix compared to the epithelium
of the control group, the relative amount of HBD-4 was also lower in the adult
group than in the control group. According to the information available to us, our
study is the only one where HBD-4 cholesteatoma tissues have been evaluated
and comparisons have been made between groups of patients of different ages
and control tissues. However, a study was found in which, in chronic
periodontitis, the amount of HBD-4 in the mucous membranes was not different
from that of healthy tissues (Li et al., 2016). Further studies analysed that cell
factors such as IL-1, IL-6, INF-a, INF-y do not increase the expression of
HPBD-4 in the respiratory epithelium compared to control tissues, as well as in
inflammation of the skin caused by lipopolysaccharides, the level of H3D-4 do
not increase and is similar to control tissue (Poiraud et al., 2012; Garcia et al.
2001). Based on these data, the theory was presented that HPD-4 does not
participate in the cell-initiated immune response (Li et al., 2016). The results of
our study support this theory because there were no correlations between H3D-4
and, for example, IL-1, IL-10, NF-kf or remodelling factors in the tissue of
cholesteatoma of both children and adults and, overall, there were a very few
correlations between HBD-4 and the other tissue factors (compared to HFD-2).

Although there is very little research on the function of human beta
defensins in cholesteatoma tissues, a review of all studies suggests that of
the human beta defensins studied, it is HBD-2 that has the most active expression
in cholesteatoma tissues. For example, Song et al. shows HBD-2 more activity in
cholesteatoma tissue than it is in HB3D-3, and Park et al. show that HBD-2 is more
active than HBD-1 (Song et al., 2007; Park et al., 2003). Finally, the results of
our study strongly show that HBD-2 is more expressed in cholesteatoma tissue

when compared to HBD-4 in both patient groups We conclude that HBD-2 is
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a more significant antimicrobial peptide in cholesteatoma than HBD-4 and is
supported by significantly higher correlations between HPD-2 and other tissue

factors in both children and adult cholesteatoma.

3.6 Vascular endothelial growth factor

Angiogenesis is important for the cholesteatoma to grow and spread to
the middle ear (Hamed et al., 2019). No statistically significant differences in
VEGF expression were observed when comparing the group of children with
the adult group. Therefore, we can conclude that angiogenesis in children and
adults’ cholesteatoma tissue is similar and not age dependent.

There were no statistically significant differences when comparing
the control group with the two groups of patients. However, a tendency was
observed, that the relative amount of VEGF in the skin epithelium of the outer
ear passage was more expressed than in the matrix of adult patients with
cholesteatoma. There was no such tendency in children, but, still, there were
fewer VEGF positive cells than in the control group. These results differ from
those of other authors, such as Zang et al., who in their study show that VEGF in
cholesteatoma was more present in the matrix than in skin epithelium
(Zang et al., 2019). The difference in results could be determined by the fact that
Zang et al. used the Western blot method to detect VEGF in their study, which
shows different results from the factor concentration we obtained. It should be
mentioned, that our findings could be explained by studies of other tumours. This
should include basal cell carcinoma, where VEGF is reduced in the epithelial
layer, and VEGF in various other epithelial tumours is secreted in an extracellular
space. VEGF is also known to be secreted paracrine in the case of cholesteatoma,
where keratinocytes release VEGF that enters the perimatrix and induces
angiogenesis (Fukudome et al., 2013). This could explain why in our study
the relative number of VEGF-positive cells in the matrix was less than in

the control skin epithelium. This is also confirmed by the close correlations found
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in our study between VEGF in the matrix and VEGF in perimatrix in
the cholesteatoma tissue of patients of both ages.

When comparing the relative amount of VEGF in the cholesteatoma
perimatrix and control subcutaneous connective tissue, we also did not see
statistically significant differences between the groups here. However, in other
studies, the results show an increase in the VEGF distribution compared to
the control group. For example, Fukudome et al. show in its study the increased
amount of VEGF in the perimatrix compared to control tissues (Fukudome et al.,
2013). In this case, the number of patients was small, which could affect
the results. Sudhoff et al. show in their study that the number of small blood
vessels and VEGF expression are higher in cholesteatoma than in control skin
(Sudhoff et al., 2000). We can explain these differences between studies by
the fact that in our study we only looked at endotheliocytes in the perimatrix.
The amount of blood vessels compared to the subcutaneous portion of the control
group was significantly higher for cholesteatoma; however, not all
endotheliocytes in these vessels expressed VEGF and their relative amount was
not higher than the relative amount of subcutaneous positive endotheliocytes.
Studying the absolute amount of blood vessels and VEGF positive cells would
probably produce similar results with data from other authors. However, in our
study, we stuck to one evaluation system for all markers. Importantly,
neoangiogenesis is significantly more pronounced in cholesteatoma tissue
compared to control skin (Olszewska et al., 2004).

Correlations between VEGF and MMP-2, MMP-9 and NF-kf indicate
the importance of this cell factor in various cholesteatoma processes as tissue

remodulation and angiogenesis (Fukudome et al., 2013; Zhu et al., 2019).
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3.7 Sonic hedgehog gene protein

The relative amount of the SHH gene protein in adult and children
cholesteatoma tissue was similar and did not achieve statistically significant
differences. This was the first study to evaluate the amount from protein of this
gene in cholesteatoma tissue, and a comparison of the factor finding was
performed for the first time between different age groups.

When comparing the SHH gene protein in both cholesteatoma groups and
in the skin of the control group, we obtained statistically significant increased
relative amounts of SHH in the cholesteatoma perimatrix of both groups. In
the cholesteatoma matrix, the relative amount of SHH compared to the skin
epithelium did not achieve statistically significant differences.

The SHH gene is also associated with ear development, such as the loss
of SHH affects the development of the outer and middle ears (Rees and Gillis,
2022; Grevellec et al., 2011). An increased amount of SHH has been shown to
be present in both malignancies and precancerous conditions in the oral cavity
(Gonzalez et al., 2016; Takabatake et al., 2019). In other organ systems,
the amount of SHH in tumour cells has also been increased compared to control
tissue, as well as shown to be associated with tumour growth (Jing et al., 2023).
Perimatrix in the case of cholesteatoma is known to be important for
the aggressiveness and growth of the cholesteatoma. It contains many
inflammatory cells and is a layer of cholesteatoma in direct contact with
the surrounding healthy tissues (Dornelles et al., 2006). Dornelles et al. correlated
the thickness of the perimatrix with the aggressiveness of the cholesteatoma in their
study: the thicker the perimatrix, the greater the infiltration of inflammatory cells and
the greater the aggressiveness of the tumour in surrounding tissues.

Observations on the role of perimatrix in the aggressiveness of
cholesteatoma, as well as studies on the association with tumour growth, and

the fact that SHH has increased in both malignant and benign aggressive
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formations, such as precancerous conditions in the oral cavity and also in the case
of cholesteatoma, indicate that SHH plays a significant role in the pathogenesis
of the cholesteatoma. We assume that SHH affects the growth of the perimatrix,
thus also amplifying the growth of the cholesteatoma itself and its destructive
effects on the surrounding tissue of the middle ear. Importantly, these processes
are similar in both children’s and adults’ cholesteatoma tissues.

By summarising the results we have obtained, we can conclude that
the hypothesis put forward by this work will not be confirmed. No differences
were found between tissue remodelling, proliferation, pro and anti-inflammatory
activity, as well as its regulation, local defence of the tissue, angiogenesis, and
expression of the Sonic hedgehog gene protein in cholesteatoma tissue in
patients of different ages. The morphological findings in the tissues of
the children and adult cholesteatoma tissues were similar and
the distribution of different tissue factors was more similar than different.
This is demonstrated by similar relative quantities of tissue markers, similar
correlations between tissue factors, as well as their similar variations in
cholesteatoma tissue in both age groups. Other researchers have also obtained
the findings that children and adult cholesteatoma are not morphologically
different (Sikka et al., 2012; Welkoborsky et al., 2007; Dornelles et al., 2006).
However, there are also different opinions when studies have found differences
between groups of children and adults in different tissue markers, concluding
that children’s cholesteatoma is more aggressive than adults (Bujia et al., 1996;
Dornelles et al., 2009). There is no denying that the disease is progressing more
aggressively in children and that there is a more frequent recurrence, also shown
by numerous clinical studies and radiological studies (Jackson et al., 2018; Kalia
etal.,2022; Lima etal., 2020; Lynrah et al., 2013) (compared to the small number
of morphological studies). However, we did not find morphological differences

between these groups. Differences such as more frequent upper respiratory
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diseases and inflammation of the middle ear in children or differences in the
pneumatization of the mastoid bone, mastoid cell development, anatomical
changes of the Eustachian tube, and variations in hormonal activity (Preciado
et al., 2012) may affect the clinical course of disease between groups of children
and adults.

When comparing the two groups of patients, we are aware that children
(especially the oldest) are physiologically similar to the adults (especially
the youngest) and, of course, a more correct group distribution would be after
skin maturation, which becomes so at about age 7, but we were guided by
the nationally accepted age distribution scale.

The study also has limitations. Although the IHC and semi-quantitative
tissue evaluation method are accurate and widely applied in research, these
methods cannot establish marker concentrations in investigational tissues that
allow for a more accurate comparison of groups, in particular investigational
groups, with the control group. Methods such as ELISA and Western blot would
be useful for detecting even more accurate results. Another limitation is
the relatively small number of patients in the control group, as well as the fact
that the tissue was taken from the bodies of deceased people, but ethical

conditions dictate precisely the choice of material in that group.
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Conclusions

Hyperproliferation of the cholesteatoma matrix, variable perimatrix, and
neoangiogenesis with infiltration of inflammatory cells are non-age-related
nonspecific tissue changes of the cholesteatoma.

Variable expression of remodelling factors (tendency in increase of MMP-2
and, in particular, TIMP-4 and decrease of MMP-9 and TIMP-2) in
cholesteatoma tissue indicates non-age related disbalance of remodelling
factors with specific, mainly compensatory, involvement of TIMP-4.

The statistically significant increase in the number of Ki-67 positive
cholesteatoma cells indicates the aggressiveness of the tumour, which is
variable even within a single formation and does not correlate with age.

The pronounced finding of NF-kp in the epithelium of the cholesteatoma and
the close correlations with Ki-67, IL-1a, IL-10, MMPs, and VEGF indicate
inflammatory modelled epithelial proliferation, maintained balance between
pro- and anti-inflammatory cytokines, and active remodelling in conditions
of ischemia-stimulated neoangiogenesis in longitudinal aspect.

The increase in the number of IL-1a positive structures and the decrease in
the number of positive IL-10 cells in the cholesteatoma tissue, indicate
a small, tumour-specific pro- and anti-inflammatory cytokine imbalance.
The statistically significant increase in HBD-2 positive cells in the perimatrix
of the cholesteatoma and its increased tendency in the epithelium, along with
a close correlation with IL-10, indicate a common age-independent
intensification of local tissue defence factors.

The statistically significant increase in the number of SHH positive cells in the
perimatrix of the cholesteatoma, indicates the intensification of this gene protein
in tumour growth, although with a vague morphopatogenetic path of action.

In children and adults’ cholesteatoma, without minor individual variations,

there is virtually no difference in tissue remodelling, cell proliferation,
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pro and anti-inflammatory cytokine and antimicrobial peptide secretion,

angiogenetic processes, and SHH gene protein stimulation.
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Proposals

A human acquired cholesteatoma clinically is relatively aggressive.
More studies would be needed to assess the correlation between the clinical
presentation of the disease and the individual anatomy of the temporal bone
with different tissue markers. Such studies could help better define tissue
markers that could be used in daily practice, help better understand and predict
disease progression in a particular patient, and provide better control of
the disease even after surgery.

Gene research is now rapidly evolving, opening opportunities to evaluate
the involvement of different genes in the development of cholesteatoma.

Finally, the only treatment option for cholesteatoma is surgical excision,
but more studies in the development of a variety of topical or systemic

medications that could reduce the recurrence of cholesteatoma.
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