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Summary

Introduction. The inflammatory mediators play a central role in the
pathogenesis of the inflammatory process of the middle ear and cho-
lesteatoma from the aspect of initiating and maintaining the inflam-
matory response to infection and lesion. The aim of the study was to
examine if the presence of acquired cholesteatoma could predict path-
omorphological changes of the tympanic cavity mucosa in relation to
the control tissue of the inflamed middle ear mucosa and to examine
and compare the expression levels of tumor necrosis factor-alpha
(TNF-a), interleukin-1 (IL-1) and matrix metalloproteinase 9 (MMP-9)
with pathomorphological changes in the middle ear mucosa in chron-
ic otitis media (COM), with and without acquired cholesteatoma (AC).

Methods. The immunohistochemical study included 178 patients of
both sexes, aged 5 to 75, who underwent microsurgical treatment
of COM from 2015 to 2018. Patients were divided into two groups
based on the presence or absence of AC of the middle ear: 97 with
cholesteatoma (CCOM) and 81 without cholesteatoma (COM). Sam-
ples of the perimatrix of AC and inflamed middle ear mucosa were
taken intraoperatively. The condition of the tympanic cavity mucosa
was examined by otomicroscopy exploration intraoperatively. The
expression levels of TNF-q, IL-1 and MMP-9 were determined by im-
munohistochemical analysis.

Results. The difference in the percentage distribution of patients ac-
cording to the condition of the tympanic cavity mucosa between both
groups was statistically significant (p <0.01) where in the COM group
the highest frequency was 43.2% of patients with mucosal hypertro-
phy, and in the CCOM 56.7% with granulations. With highly positive
expression of TNF-R2 and IL-1, a higher probability of the presence
of mucosal hypertrophy and granulations can be expected, and with
highly positive expression of MMP-9 the presence of granulations.

Conclusion. Acquired middle ear cholesteatoma is a statistically
significant predictor of the occurence of mucosal hypertrophy and
granulations in the tympanic cavity in relation to the control tissue of
the inflamed middle ear mucosa. The high expression of TNF-R2, IL-1
and MMP-9 shows a statistically significant association with the pres-
ence of granulations and mucosal hypertrophy in acquired middle
ear cholesteatoma which may have clinical significance in the evalu-
ation and prognosis of the disease.
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Introduction

Cholesteatoma is defined as a cystic, expan-
sive lesion of the temporal bone, consisting
of a multilayered squamous epithelium with
desquamated keratin, whose main feature
is characterized by progressive growth with
destruction of the surrounding bone due to
the pressure effect and activation of the os-
teoclasts. Cholesteatoma may be classified
as either congenital or acquired [1,2]. The
development of acquired cholesteatoma is
characterized by a cascade of reactions at the
molecular level, which include the induction
of MMP, the release of oxygen radicals and
other inflammatory mediators, leading to the
destructive effects of cholesteatoma, based on
proteolytic activity, bone resorption and re-
cruitment of inflammatory cells [3].

The inflammatory mediators have a lead-
ing role in the pathogenesis of the inflam-
matory process of acquired middle ear cho-
lesteatoma from the aspect of initiating and
maintaining the inflammatory response to
infection and lesion. They may be one of the
reasons why in some patients there is a pro-
gression from the acute to the chronic phase
of the inflammatory process of the middle
ear, as well as the development of cholestea-
toma [4-6]. In most cases, in the induction of
the development of cholesteatoma, disorders
of internal molecular regulation participate
together with external stimuli in the form of
proinflammatory cytokines, growth factors
and/or bacterial toxins. The pathogenetic rea-
son for the uncontrolled proliferation of cho-
lesteatoma tissue has not been fully clarified
until now [7,8].

The main physiological effect of TNF-a,
as one of the major inflammatory cytokines,
is to promote the immune and inflammatory
response of recruited neutrophils and mono-
cytes at the site of infection with their con-
comitant activation, resulting in its numerous
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effects in the body [9]. The correlation of the
levels of TNF-a expression in the tissue of
acquired cholesteatoma with the level of in-
flammation has been proven. However, pre-
cise mechanisms in the process of their action
are still the subject of scientific research [10].

Interleukin-1 cytokines (IL-1a, IL-1f3 and
IL-1Ra) have a significant role in immune reg-
ulation and inflammatory processes by induc-
ing the expression of many effector proteins,
such as cytokines/chemokines, nitric oxide
synthases and matrix metalloproteinase [11].
Cholesteatoma epithelial cells and inflam-
matory cells of the tissue of the surrounding
granulations can produce IL-1. IL-1a and IL-
1B levels are significantly higher in choleste-
atoma than in normal squamous epithelium.
IL-1 is involved in the process of bone resorp-
tion, and has been shown to stimulate kerati-
nocyte proliferation [12,13].

MMPs belong to the family of zinc metal-
loenzymes that are secreted as latent proen-
zymes and activated during proteolytic deg-
radation processes [14]. MMP-9 is produced
in a variety of cells, including epithelial cells,
fibroblasts, keratinocytes, osteoblasts, den-
dritic cells, macrophages, granulocytes, and
T cells [15]. MMP-9 has a key role in inflam-
matory cell migration and destructive behav-
ior of cholesteatoma although serum MMP-9
levels do not necessarily directly reflect the
extent of local tissue inflammation [16].

The aim of the study was to examine if the
presence of acquired cholesteatoma could pre-
dict pathomorphological changes of the tym-
panic cavity mucosa in relation to the control
tissue of the inflamed middle ear mucosa and
to examine and compare the expression levels
of tumor necrosis factor-alpha (TNF-a), inter-
leukin-1 (IL-1) and matrix metalloproteinase 9
(MMP-9) with pathomorphological changes in
the middle ear mucosa in chronic otitis media
(COM), with and without acquired cholesteato-
ma (AC).
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Methods

The immunohistochemical study included 178
patients of both sexes, aged 5 to 75, who un-
derwent microsurgical treatment of COM at
the Ear, Nose and Throat Department, Univer-
sity Clinical Center of the RS (UCC RS), Banja
Luka, from 2015 to 2018. The study was ap-
proved by the Ethics Committee of the UCC
RS. Patients were divided into two groups
based on the presence or absence of AC: 97
with cholesteatoma (CCOM) and 81 without
cholesteatoma (COM). The diagnosis of the
disease is based on the history of the disease,
clinical examination of the patients and addi-
tional diagnostic procedures. Closed and open
tympanoplasty techniques with modifications
were applied. Samples of the perimatrix of AC
(n=97) (CCOM) and inflamed mucosa (n = 81)
(COM) of the middle ear were taken from the
patients during the microsurgical procedure.
The condition of the tympanic cavity mucosa
was examined by otomicroscopy exploration
intraoperatively, which is classified into the
following categories: eutrophy, hypertrophy,
granulations and polypoid altered mucosa.
The patients with diagnosed COM with
and without AC, who were referred for mid-
dle ear surgery, were included. The patients
with congenital cholesteatoma, malignant tu-
mor of the middle ear, otitis externa, previ-
ous history of ear surgery, as well as samples
of cholesteatoma without perimatrix, were
excluded from the study. Samples obtained
during the microsurgical procedure were
fixed in 10% formalin and then molded into
paraffin blocks from which 4 pm thick semes-
ter sections were obtained. After dewaxing,
the samples were stained by routine hematox-
ylin-eosin method and then analyzed under a
light microscope. Samples were treated with
citrate buffer by heating in a microwave oven
for 20 minutes to unmask the antigen. After
blocking endogenous peroxidase with hydro-
gen peroxide in methanol, the samples were
washed in tris-buffered saline solution with
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pHof 7.6.

For the immunohistochemistry analysis
of TNF-a (TNF-R2 ) and IL-1, Rabbit TNF-R2
Polyclonal Antibody (TNFR2 Polyclonal An-
tibody, Product#PA1-21148, Thermo Fisher,
USA) and IL-1 alpha Polyclonal Antibody (IL-
1 alpha Polyclonal Antibody, Product# PA5-
25921, Invitrogen, Thermo Fisher, USA) were
used, and for the analysis of MMP-9, Mouse
anti-MMP-9 Monoclonal Antibody (MMP9
Monoclonal Antibody, Clone 2C3, Product #
MAT1-12894, Invitrogen, Thermo Fisher, USA).
Immunohistochemical identification of the ex-
amined mediators was performed using the
EnVision technique. 3,3’-Diaminobenzidine
was used as the chromogenic substrate, while
contrast was performed with hematoxylin.
Imunohistochemistry analysis was performed
manually in the competent laboratory of the
Department of Clinical Pathology. Original re-
agents were used.

In immunohistochemically processed sam-
ples, expression intensities were observed in
each individual sample, while the analysis of
immunohistochemical reactions was based
on quantitative (0 - absent, 1 - present) and
semiquantitative determination of expression
intensity by light microscope with a grading
scale from 0 to 3 (0 - absent, 1 - weak, 2 - mod-
erate, 3 - high intensity).

In relation to the percentage of stained cells,
it was divided into 4 categories. Results were
considered negative if there was no staining
and were marked with 0, weakly positive in
<25% of positive cells with label 1, moderately
positive in 225-50% of positive cells with label
2, and highly positive with label 3, if 250% of
positive cells were present. Determination of
the total result of the immunohistochemical re-
action was calculated based on the product of
the results of the expression intensity and the
percentage of stained cells. The overall results
of the analysis were considered negative in
R<1 and were marked with 0, weakly positive
in R>2<3 with a notation of 1+, moderately pos-
itive in R>4<6 with a notation of 2+, and very
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positive in R =9 with the notation 3+.

The data were analyzed at the level of de-
scriptive statistics, by calculating the absolute
and relative distributions of COM and CCOM
patients, with mediator expression levels, in re-
lation to the observed factors, and by calculat-
ing the arithmetic mean and standard deviation
for patient age. For the purpose of calculating
the difference in the distribution of the patients
of the COM and CCOM groups, the Pearson
x?-test was used, and Mann-Whitney U - the
nonparametric test was used for calculating the
differences in the age of the subjects between
the groups. Categorical logistic regression was
performed to evaluate the influence of the two
variables: presence or absence of the cholestea-
toma (CCOM/COM) and the level of TNF R2,
IL-1 and MMP-9 expression respectively on the
occurrence probability of the tympanic cavity
mucosa pathological changes. The results are
considered significant if p <0.05. Statistical data
processing was performed using SPSS version
21.0 data processing tools (IBM, USA).

Results

Out of the total of 151 (84.8%) patients with
pathologically altered tympanic cavity mu-
cosa, the highest frequency was shown by
76 (42.7%) patients with granulations and 67
(37.6%) with mucosal hypertrophy. The dif-

ference in the percentage distribution of pa-
tients according to the condition of the tym-
panic cavity mucosa between both groups
was statistically significant (p <0.01) where
in the COM group the highest frequency was
shown by 43.2% of patients with mucosal hy-
pertrophy, and in the CCOM by 56.7% of pa-
tients with granulations (Table 1).

The results of the levels of the TNF-R2,
IL-1 and MMP-9 expression among the pa-
tients classified in two groups based on the
cholesteatoma presence and on the tympan-
ic cavity mucosa pathological changes are
shown in Tables 2, 3 and 4 respectively.

A categorical logistic regression, which in-
cluded the CCOM/COM groups and TNF-R2
expression results, showed that both predic-
tors had a statistically significant effect on the
occurrence probability of pathologically al-
tered mucosa of the tympanic cavity (p<0.01).
This result implies that a higher probability of
the mucosal hypertrophy and granulation in
the presence of cholesteatoma (CCOM group)
and weak (R =1 +) and moderately positive (R
= 2 +) expression of TNF-R2 can be expected
(Table 5).

A categorical logistic regression, which in-
cluded the CCOM/COM groups and IL-1 ex-
pression results, showed that both predictors
had a statistically significant effect on the oc-
currence probability of pathologically altered

Table 1. The patients according to the condition of the tympanic cavity mucosa

Group

CCOM COM Total

N 3 24 27

Eutrophi

Hirophic % 3.1% 29.6% 15.2%

Hypertrophic N 32 35 67
The tympanic P P % 33.0% 43.2% 37.6%

cavity mucosa G lati N 55 21 76
ranuiations % 56.7% 25.9% 42.7%

. . N 7 1 8

Polypoid modified % 7% 12% 45%

Total N 97 81 178
% 100.0% 100.0% 100.0%

Chi-square test: y?=35.23, p= 0,000, p<0.01
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Table 2. Different levels of the TNF-R2 expression among the patients classified in two groups based on
the cholesteatoma presence and on the tympanic cavity mucosa pathological changes in every group

Tympanic cavity mucosa

Inﬂ?erglil;:(t):ry Group e)f;:eesls(i)(fn Eutrophic Hypertrophic ~ Granulations P:llt};I;:clld
N (%) N (%) N (%) N (%)

R=0 1(8.3%) 3 (25.0%) 8 (66.7%) 0 (0.0%)

R=1+ 1(5.9%) 6 (35.3%) 9 (52.9%) 1(5.9%)

CCOM R=2+ 0 (0.0%) 17 (41.5%) 22 (53.7%) 2 (4.9%)

R=3+ 1(3.7%) 6 (22.2%) 16 (59.3%) 4 (14.8%)

TNEF-R2

R=0 4 (57.1%) 3 (42.9%) 0 (0.0%) 0 (0.0%)

COM R=1+ 9 (31.0%) 14 (48.3%) 6 (20.7%) 0 (0.0%)

R=2+ 10 (25.6%) 15 (38.5%) 14 (35.9%) 0 (0.0%)

R=3+ 1 (16.7%) 3 (50.0%) 1(16.7%) 1(16.7%)

CCOM - chronic otitis media with cholesteatoma, COM - chronic otitis media, TNF-R2 - tumor necrosis alpha receptor, R =
0 - negative result; R = 1+ - weakly positive result; R = 2+ - moderately positive result; R = 3+ - very positive result

Table 3. Different levels of the IL-1 expression among the patients classified in two groups based on the
cholesteatoma presence and on the tympanic cavity mucosa pathological changes in every group

Tympanic cavity mucosa

Infli:g?;ta:r)ry Group eiglzesls?(fn Eutrophic Hypertrophic Granulations P;)llt); I;:‘lid
N (%) N (%) N (%) N (%)

R=0 0 (0.0%) 4 (33.3%) 8 (66.7%) 0 (0.0%)

R=1+ 1(9.1%) 4 (36.4%) 6 (54.5%) 0 (0.0%)

CCOM R=2+ 1(2.8%) 11 (30.6%) 22 (61.1%) 2 (5.6%)

1 R=3+ 1 (2.6%) 13 (34.2%) 19 (50.0%) 5 (13.2%)

R=0 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

COM R=1+ 5 (71.4%) 2 (28.6%) 0 (0.0%) 0 (0.0%)

R=2+ 7 (25.0%) 19 (67.9%) 2 (7.1%) 0 (0.0%)

R =3+ 11 (24.4%) 14 (31.1%) 19 (42.2%) 1(2.2%)

CCOM - chronic otitis media with cholesteatoma, COM - chronic otitis media, IL-1 - interleukin -1, R = 0 - negative result; R = 1+ -

weakly positive result; R = 2+ - moderately positive result; R = 3+ - very positive result

mucosa of the tympanic cavity (p<0.01). This
result implies that a higher probability of the
mucosal hypertrophy and granulation in the
presence of cholesteatoma (CCOM group) and
moderately (R =2 +) and very positive (R =3
+) expression of IL-1can be expected (Table 6).

A categorical logistic regression, which
included CCOM/COM groups and MMP-9
expression results, showed that both predic-
tors had a statistically significant effect on the
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occurrence probability of the pathological-
ly altered tympanic cavity mucosa (p<0.01).
This result implies that a higher probability
of mucosal hypertrophy and granulation can
be expected in the presence of cholesteatoma
(CCOM group) and very positive (R =3 +) ex-
pression of MMP-9. With moderately positive
(R =2 +) expression of MMP-9, a higher prob-
ability of the presence of granulations can be
expected (Table 7).
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Table 4. Different levels of the MMP-9 expression among the patients classified in two groups based on
the cholesteatoma presence and on the tympanic cavity mucosa pathological changes in every group

Tympanic cavity mucosa

Inﬂ:ﬁ?;:égry Group eiﬁl",eesls(i)(fn Eutrophic Hypertrophic ~ Granulations P:llt)e,: l;:éd
N (%) N (%) N (%) N (%)

R=0 0 (0.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)

R=1+ 1.(3.7%) 12 (44.4%) 12 (44.4%) 2 (7.4%)

CCOM R=2+ 0 (0.0%) 10 (27.8%) 23 (63.9%) 3 (8.3%)

MMP-9 R=3+ 2 (6.3%) 10 (31.3%) 19 (59.4%) 1(3.1%)
R=0 17 (43.6%) 18 (46.2%) 4 (10.3%) 0 (0.0%)

o R=1+ 5 (19.2%) 13 (50.0%) 8 (30.8%) 0 (0.0%)

R=2+ 2 (14.3%) 4 (28.6%) 8 (57.1%) 0 (0.0%)

R=3+ 0 (0.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)

CCOM - chronic otitis media with cholesteatoma, COM - chronic otitis media, MMP-9 - metalloproteinase matrix 9, R = 0 - negative
result; R = 1+ - weakly positive result; R = 2+ - moderately positive result; R = 3+ - very positive result

Table 5. The influence of the presence/absence Table 6. The influence of the presence/absence of the
of the cholesteatoma and the level of TNF-R2 cholesteatoma and the level of IL-1 expression on

expression on the tympanic cavity mucosa the tympanic cavity mucosa pathological changes
pathological changes

Standard
. ci?i?fiiﬁs Variables coefficients df F p
Variables ————=""__ df F P Beta S.E.
Beta S.E.
CCoM/ gg%M/ -473 .059 1 64.357 .000**
COM -414  .073 2 32.195 .000**
IL-1 222 .065 3 11.705 .000**

TNF-R2 173 .076 4 5229 .001**

* p< 0.01, CCOM - chronic otitis media with cholesteatoma,
** p<0.01, CCOM - chronic otitis media with cholesteatoma, — COM - chronic otitis media without cholesteatoma, TNF-R2 - tu-
COM - chronic otitis media without cholesteatoma, TNF-R2  mor necrosis alpha receptor, IL-1 - interleukin -1, Beta - standard
- tumor necrosis alpha receptor, Beta - standard partial regres-  partial regression coefficient; S.E. - standard regression error; df
sion coefficient; S.E. - standard regression error; df - number of - number of degrees of freedom; F - variance ratio test; Dependent

degrees of freedom; F - variance ratio test; Dependent variable:  variable: the tympanic cavity mucosa pathological changes
the tympanic cavity mucosa pathological changes

Table 7. The influence of the presence/absence of the cholesteatoma and the level of MMP-9 expression
on the tympanic cavity mucosa pathological changes

Standard coefficients

Variables df F P
Beta S.E.

CCOM/COM -.386 .091 1 18.028 .000**

MMP-9 .333 116 3 8.296 .000**

** p< 0.01, CCOM - chronic otitis media with cholesteatoma, COM - chronic otitis media without cholesteatoma, MMP-
9 - metalloproteinase matrix 9, Beta - standard partial regression coefficient; S.E. - standard regression error; df - number of
degrees of freedom; F - variance ratio test; Dependent variable: the tympanic cavity mucosa pathological changes
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Discussion

In 151 (84.8%) patients in the total sam-
ple, a pathological finding was observed on
tympanic cavity mucosa. The difference in
the distribution of patients according to the
examined pathomorphological change was
statistically significant (p<0.01), where mu-
cosal hypertrophy in the COM group (43.2%)
and granulations in the CCOM group (56.7%)
showed the highest frequency. Highly posi-
tive TNF-R2 and IL-1 expression was record-
ed in both groups, while in terms of MMP-9
results, the highest frequency in the CCOM
group was shown by high-positive expression,
and in the COM group by negative expres-
sion (Figure 1). The predictor model, which
included the level of expression of TNF-R2,
IL-1 and MMP-9 in relation to cholesteatoma
tissue and control tissue of inflamed tympan-
ic cavity mucosa, proved a statistically signif-
icant prediction of cholesteatoma presence
on pathological changes of tympanic cavity
mucosa, respectively the occurrence of muco-
sal hypertrophy and granulations. There was
also a statistically significantly higher proba-
bility of the presence of granulationss in the
highly positive TNF-R2, IL-1 and MMP-9
expression and mucosal hypertrophy in the
highly positive TNF-R2 and IL-1 expression.
These data corroborate literature data.

Akimoto et al. state that most AC are asso-
ciated with an inflammatory cell infiltrate. The
authors find the presence of granulationss in
the acquired, in contrast to congenital choles-
teatoma, but also a statistically significant cor-
relation of TNF-a expression levels with the
degree of infection and bone resorption, in
contrast to IL-1 expression levels. In the same
study, no statistically significant correlation
was found between the expression levels of
TNF-a and IL-1 and the presence of granula-
tionss in AC [17].

Marenda i Aufdemorte immunolocalized a
high levels of TNF-a, TGF- 3 1 and 2, and IL-1
and IL-6 expression in the epithelial and sub-
epithelial layers of AC of human origin. The
autors proved that elevated levels of these in-
flammatory mediators in the epithelial layer
and stroma of AC significantly correlate with
the presence of granulation tissue, as well as
with degree of erosion of the auditory ossicles
and surrounding bone [18].

Kuczkowski et al. found high levels of IL-
1, TNF-a and IL-6 expression in granulations
and cholesteatoma tissue. The authors point
out that a strong positive association between
the levels of these cytokines and the degree of
osteolysis of bone indicates the destructive be-
havior of cholesteatoma or granulation tissue
[19]. Sudhoff et al. point out that cholesteatoma
epithelium shows a high staining intensity of

2% R IS | S
(¢ 'W i U Al 3

4+ ol « S Lo &4_-‘

Figure 1. A high expression of stromal and inflammatory cells in environment of cholesteatoma (IHC): anti-TNF-

R2x400 (a), anti-IL1x400 (b) and anti-MMP9x400 (c)
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IL-1, TGF- a, and the epidermal growth factor
receptor (EGF-R) in contrast to middle ear mu-
cosa. The authors also found high concentra-
tions of lymphocytes and macrophages in the
surrounding stroma of cholesteatoma, most of
which expressed IL-1, TGF- a and EGF-R [20].
Yetiser et al. demonstrate that there are no sta-
tistical differences in TNF-a and IL-1 expres-
sion levels between granulations and external
auditory canal skin tissue, while Kim et al. in
their study found significantly higher levels of
IL-1 mRNA expression in granulations versus
healthy skin tissue and cholesteatoma [21,22].
Schmidt et al. point out that MMP-9 expression
occurs mainly in the suprabasal, and less fre-
quently in the basal layers of the cholesteato-
ma epithelium, as well as in inflammatory cells
of the perimatrix, in contrast to keratinocytes
and granulation tissue [23]. Schonermark et al.
found the expression of MMP-9 and MMP-2,
limited only to the basal and suprabasal epithe-
lial cell layers of the cholesteatoma as opposed
to the mucosal layer of the tympanic cavity and

Founding source. A study was derived from the scientif-
ic-research project: “Significance of expression of the in-
flammatory mediators in middle ear cholesteatoma’, sup-
ported from the Ministry for Scientific and Technological
Development, Higher Education and Information Society of
the Republic of Srpska (No. 19/6-020/961-68/15).
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Uvod. Medijatori inflamacije imaju centralnu ulogu u patogenezi upalnog procesa srednjeg uha i
holesteatoma sa aspekta pokretanja i odrzavanja upalnog odgovora na infekciju i leziju. Cilj istraZiva-
nja je bio da se ispita da li prisustvo ste¢enog holesteatoma moze da predvidi patomorfoloske promjene
sluznice kavuma timpani u odnosu na kontrolno tkivo inflamirane sluznice srednjeg uha, te da se ispitaju
i uporede nivoi ekspresije faktora nekroze tumora-alfa (TNF-a), interleukina-1 (IL-1) i matriks metalopro-
teinaze-9 (MMP-9) s patomorfoloskim promjenama na sluznici srednjeg uha kod hroni¢nog otitis me-
dia (HOM), sa i bez ste¢enog holesteatoma (SH).

Metode. Imunohistohemijska studija je ukljucila 178 ispitanika oba pola, od 5 do 75 godina, koji su
podvrgnuti mikrohirurskom lije¢enju (HOM) od 2015. do 2018. godine. Ispitanici su podijeljeni u dvi-
je grupe na osnovu prisustva ili odsustva ste¢enog holesteatoma srednjeg uha: 97 s holesteatomom
(HHOM); i 81 bez holesteatoma (HOM). Uzorci perimatriksa SH i inflamirane sluznice srednjeg uha su
uzeti intraoperativno. Intraoperativhom otomikroskopskom eksploracijom je ispitano stanje sluznice
kavuma timpani. Nivoi ekspresije TNF-q, IL-1 i MMP-9 su odredeni imunohistohemijskom analizom.

Rezultati. Razlika u procentualnoj distribuciji ispitanika prema stanju sluznice kavuma timpani iz-
medu obje grupe se pokazala kao statisti¢ki znacajna (p<0,01) gdje je u HOM grupi najvecu ucesta-
lost pokazalo 43,2% ispitanika s hipertrofijom sluznice, a u HHOM 56,7% s granulacijama. Visokopo-
zitivna ekspresija TNF-R2 i IL-1 je pokazala statisti¢ki znacajnu povezanost s prisustvom hipertroficne
sluznice i granulacija, a visokopozitivna MMP-9 granulacija.

Zakljucak. Steceni holesteatom srednjeg uha je statisti¢ki znacajan prediktor nastanka hipertroficne
sluznice i granulacija u kavumu timpani u odnosu na kontrolno tkivo inflamirane sluznice srednjeg
uha. Visoki stepen ekspresije TNF-R2, IL-1 i MMP-9 pokazuje statisticki zna¢ajnu povezanost s prisu-
stvom granulacija i hipertrofi¢ne sluznice kod ste¢enog holesteatoma srednjeg uha, sto moze imati
klinicki znacaj u evaluaciji i prognozi bolesti.

Kljuéne rijeci: holesteatom, medijatori inflamacije, sluznica srednjeg uha
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