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Original Investigation
Özgün Araştırma

Objective: The aim of this study was to evaluate bcl-2, 
bax, and c-erbB-2 expressions in primary and secondary 
acquired cholesteatoma and to indicate the role of apop-
tosis and accompanying increased cellular proliferation 
in the pathogenesis of cholesteatoma. 

Methods: Samples obtained from the skin of the ex-
ternal ear canal (EEC) of patients operated for chronic 
otitis media (COM) without cholesteatoma constitut-
ed Group 1; samples from the EEC skin of patients in 
Group 3 operated for COM with cholesteatoma and 
from the EEC skin of patients in Group 4 constitut-
ed Group 2; samples obtained from the cholesteatoma 
matrix of patients operated for COM with primary ac-
quired cholesteatoma constituted Group 3; and samples 
obtained from the cholesteatoma matrix of patients op-
erated for COM with secondary acquired cholesteatoma 
constituted Group 4. The assessment of the positive cell 
ratio was based on the presence of the following findings 
and was semiquantitatively classified into four groups: 
0, no staining; + cell staining (weak positive staining: 

1%–33%); ++ cell staining (moderately positive staining: 
34%–66%); and +++ cell staining (strong positive stain-
ing: 67%–100%). 

Results: Comparison of the staining scores of bcl-2, bax, 
and c-erbB-2 revealed a statistically insignificant differ-
ence in the staining of samples obtained from the EEC 
skin (p>0.05). Decreased bcl-2 expression and increased 
bax and c-erbB-2 expressions were determined in pri-
mary and secondary acquired cholesteatoma epithelium 
compared with the EEC skin of patients operated for 
COM with or without cholesteatoma, and the differ-
ences were found to be statistically significant (p<0.05). 

Conclusion: In acquired cholesteatoma epithelium, the 
finding of decreased bcl-2 expression as well as increased 
bax and c-erbB-2 expressions compared with the EEC 
skin is an indicator of the increase in both cellular pro-
liferation and apoptosis. 
Keywords: Cholesteatoma, apoptosis, cell proliferation, 
bcl-2, bax, c-erbB-2 

Amaç: Bu çalışmanın amacı primer ve sekonder akkiz 
kolesteatomlardaki bcl-2, bax ve c-erbB-2 ekspresyon-
larını değerlendirmek ve kolesteatom patogenezindeki 
hücre proliferasyonu ve apapitozisin rolünü belirle-
mektir. 

Yöntemler: Kolesteatomsuz kronik otitis media (KOM) 
nedeniyle opere edilen hastaların dış kulak yolu cildin-
den (DKY) alınan örnekler grup 1; kolesteatomlu KOM 
nedeniyle opere edilen grup 3 ve grup 4’deki hastaların 
DKY cildinden alınan örnekler grup 2; primer akkiz ko-
lesteatomlu KOM nedeniyle opere edilen hastaların ko-
lesteatom matriksinden alınan örnekler grup 3; sekonder 
akkiz kolesteatomlu KOM nedeniyle opere edilen has-
taların kolesteatom matriksinden alınan örnekler grup 
4’ü oluşturdu. Pozitif hücrelerin oranının değerlendir-
mesi belirtilen bulguların varlığı bazında yapıldı ve se-
mikantitatif olarak dört grupta sınıflandı: 0, boyama yok; 
+ hücre boyanması (hafif derecede boyanma: %l-33); ++ 
hücre boyanması (orta derecede boyanma: %34-66); +++ 

hücre boyanması (iyi derecede boyanma: %67-100) var-
lığı olarak kabul edildi.

Bulgular: Bcl-2, bax ve c-erbB-2 boyanma skorları 
karşılaştırıldığında; DKY cildinden alınan örneklerin 
boyanması ile grup 1 ve grup 2 arasında istatistiksel 
olarak anlamlı farklılık saptanmadı (p>0.05). Primer ve 
sekonder akkiz kolesteatom epitelinde kolesteatomlu ve 
kolesteatomsuz KOM nedeniyle opere edilen hastaların 
DKY cildine göre bcl-2 ekspresyonunun azalmış, bax ve 
c-erbB-2 ekspresyonunun artmış olduğu ve bunun ista-
tistiksel olarak anlamlı olduğu görüldü (p<0.05).

Sonuç: Edinilmiş kolesteatom ile dış kukak yolu cildi 
karşılaştırıldığında edinilmiş kolesteatom epitelindeki 
bcl-2 ekspresyonunun azalması aynı zamanda bax ve 
c-erbB-2 ekspresyonnun artması  apopitozis ve hücre 
proliferasyonunun arttığının bir göstergesidir
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Introduction
Cholesteatoma is a benign and destructive tumor of the middle 
ear, characterized by the progressive accumulation of hyperpro-
liferative epithelium with keratin (1). Irrespective of the patho-
genesis, cholesteatoma is a skin-derived heterotopic squamous 
epithelial tissue (2). 

Histopathogenesis of cholesteatoma is not yet fully understood. 
Invagination, hyperplasia, metaplasia, migration, proliferation, 
differentiation, and apoptosis of epithelial cells were suggested 
to play a role in pathogenesis (3-5). Various factors were eval-
uated in trials investigating this topic. In recent years, a special 
emphasis was attributed to the role of apoptosis in the patho-
genesis of cholesteatoma.

Apoptosis develops through three different mechanisms such as 
intrinsic (bcl-2 plays a role) or extrinsic mechanisms and oxygen 
radicals (6). The bcl-2 family (bcl-2, bcl-xL, bax, bak, bad) is 
composed of a wide range of anti-apoptotic and pro-apoptotic 
proteins. The bcl-2 protein plays a role in the regulation of cell 
death and survival as well as in epithelial differentiation, mor-
phogenesis, and tumorigenesis (7). The bax gene belongs to the 
bcl-2 family and induces apoptosis (8). While the cell is kept 
alive in a bcl-2/bax balance in favor of Bcl-2, an unbalance in 
favor of bax results in apoptosis (9).

C-erbB-2 (HER2) is the second member of the epidermal growth 
factor receptor family. C-erbB-2 protooncogene codes a trans-
membrane glycoprotein, which possesses tyrosine kinase activity 
and growth factor receptor functions (10). The activation of the 
erbB gene family members may stimulate cellular proliferation, 
cell differentiation, cessation of cell cycle, and even apoptosis (11).

The purpose of this trial was to evaluate bcl-2, bax, and c-erbB-2 
expressions in primary and secondary acquired cholesteatoma 
and to investigate the role of apoptosis and associated cellular 
proliferation in the pathogenesis of cholesteatoma. 

Methods 

Study Groups 
The trial was conducted in a total of 60 patients subjected to 
surgical operation for chronic otitis media (COM) with (n=40) 
and without cholesteatoma (n=20) between October 2008 and 
September 2009 at the Department of Otorhinolaryngology in 
Fırat University Faculty of Medicine. Patients with an age range 
of 19–64 years were enrolled in the trial [35 men (58.3%) and 25 
women (41.6%)]. Patients were informed regarding the trial, nec-
essary permits were obtained, and the trial protocol was approved 
by the local ethics committee. Data such as age, gender, cause of 
referral to the hospital, duration of symptoms, presence and dura-
tion of ear discharge, as well as findings of physical examination 
and the type of cholesteatoma (primary or secondary acquired) 
were recorded for all patients. Patients previously operated in the 
same ear as well as cases with a systemic disease (such as diabetes 

mellitus and chronic renal disease), autoimmune disease, and a 
known malignant disease were excluded from the trial.
Patients were classified into four groups.

Group 1 (n=20): Group of samples obtained from the external 
ear canal (EEC) skin of patients operated for COM without 
cholesteatoma.

Group 2 (n=20): Group of samples obtained from the EEC skin 
of patients operated for COM with cholesteatoma in Group 3 
and from the EEC skin in Group 4.

Group 3 (n=20): Group of samples obtained from the choles-
teatoma matrix in the middle ear and/or mastoid of patients 
operated for COM with primary acquired cholesteatoma.

Group 4 (n=20): Group of samples obtained from the choles-
teatoma matrix in the middle ear and/or mastoid of patients 
operated for COM with secondary acquired cholesteatoma.

Patients in Group 2 were composed of a total of 20 cases, with 10 
randomized (with systematic sampling method) patients each 
from Groups 3 and 4 operated for COM with cholesteatoma. 
Samples obtained during the operation were fixed in formalin 
and forwarded to the Department of Pathology for the immuno-
histochemical evaluation of bcl-2, bax, and c-erbB-2.

Immunohistochemical Evaluation 
Cross-sections of 4 μ were prepared for samples obtained from 
all groups and were placed on microscope slides coated with po-
ly-L-lysine. As an initial step, slides were kept in an incubator at 
37°C for 15 min. This was followed by staining for bcl-2 (DBS 
anti-bcl-2 antibody, 1 ml, clone 100/D5, 1/100), bax (Invitro-
gen, anti-bax antibody 1 ml, clone 2D2, 1/100), and c-erbB-2 
(Invitrogen, mouse anti-HER, clone CB11) using an automat-
ed staining system (Ventana Medical System, SN: 712299, ref: 
750-700, Arizona, USA). Following processing with primary 
antibodies, the slides were washed under running tap water and 
cover-slipped with Ultramount.

Immunohistochemical staining of bcl-2, bax, and c-erbB-2 was 
evaluated under the Olympus BX51 light microscope. The sam-
ples were scored by two independent observers without any 
pathological or clinical information about the cases under study. 
Nuclear and cytoplasmic staining for bcl-2, bax, and c-erbB-2 
antibodies was assessed during the evaluation. The ratio of posi-
tive cells was semiquantitatively evaluated as follows and classi-
fied in four groups: 0, no staining; + cell staining (weak positive 
staining: 1%–33%); ++ cell staining (moderately positive stain-
ing: 34%–66%); and +++ cell staining (strong positive staining: 
67%–100%).

Statistical Method 
The Statistical Package for the Social Sciences (SPSS) ver-
sion 15 package program (2006 SPSS Inc. USA) was used 
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in this trial. Fisher’s chi-square (exact chi Square) analysis 
was used in the inter-group comparison of bcl-2, bax, and 
c-erB-2 staining scores. The level of statistical significance 
was accepted as 0.05.

Results
A total of 60 patients in this study was classified into four groups 
based on their age: Group 1, 19–64 years (mean 27.6±9.01 years); 
Group 2, 23–58 years (mean 32.4±11.53 years); Group 3, 23–61 
years (mean 30.5±10.55 years); and Group 4, 28–58 years (mean 
30.4±12.36 years). No statistical difference was found between 
the groups in terms of demographic characteristics.

Histopathological Findings 
Immunohistochemical scoring was based on nuclear and cy-
toplasmic staining. The distribution and comparison of bcl-2, 
bax, and c-erbB-2 staining scores of patient groups are shown 
in Table 1.

In samples obtained from the EEC skin of patients in Group 1, 
the best staining was observed with bcl-2. Moderately positive 
and strong positive staining (staining scores ++ and +++) were 
observed in a majority of patients with bcl-2, whereas weak pos-
itive staining (staining score +) was found in a small number of 
patients. No staining was observed in samples obtained from 
the EEC skin of a majority of patients with bax and c-erbB-2 
(staining score 0). In Group 2, similar to Group 1, the best stain-
ing result was obtained with bcl-2 in samples obtained from the 
EEC skin of patients. 

In Group 3, the best staining result was attained with bax in sam-
ples obtained from the cholesteatoma epithelium of patients. With 
bax, moderately positive and strong positive staining was observed 
in a majority of patients (staining scores ++ and +++). The second 
best staining result in this group was detected with c-erbB-2. In 
samples obtained from the cholesteatoma epithelium of a majori-
ty of patients, C-erbB-2 provided moderately positive and strong 
positive staining results (staining score ++ and +++). With bcl-2, 
no staining was observed in approximately half of the cases (stain-
ing score 0), or weak positive and moderately positive staining 
was observed in a small number of samples (staining score + and 
++). In samples obtained from the cholesteatoma epithelium of 
patients in Group 4, the staining results were similar to Group 
3. The best staining results were observed with bax. Moderately 
positive and strong positive staining (staining scores ++ and +++) 
was observed with bax in a majority of patients. 

Evaluation of the hematoxylin–eosin-stained cross-sections in 
Group 1 revealed superficial hyperkeratosis, epidermal spongi-
osis, and lymphocyte infiltration in the dermis as well as peri-
vascular lymphocytes and neutrophils in two cases. In Group 
2, hyperkeratosis in the superficial epithelium, spongiosis in 
the epidermis, and perivascular and periadnexal lymphocyte 
infiltration in the dermis were observed in addition to pso-
riasiform hyperplasia in two cases and the presence of eosin-
ophils in inflammation areas in one case. In Groups 3 and 4, 
squamous epithelium, calcification and lamellar keratinization 
were observed, in addition to intensive inflammatory infiltra-
tion in five cases. In Group 1, assessment of the bcl-2-stained 
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Table 1. Distribution and comparison of bcl-2, bax, and c-erbB-2 staining scores of patient groups

Staining scores                          Group 1                           Group 2                             Group 3                          Group 4                        Total

 n % n % n % n % n %

bcl-2

0 0 0 0 0 9 45 8 40 17 21.3

1 3 15 3 15 9 45 11 55 26 32.5

2 8 40 11 55 2 10 1 5 22 27.5

3 9 45 6 30 0 0 0 0 15 18.8

bax 

0 16 80 12 60 0 0 0 0 28 35

1 4 20 8 40 0 0 3 15 15 18

2 0 0 0 0 9 45 8 40 17 21.3

3 0 0 0 0 11 55 9 45 20 25.8

c-erbB-2

0 10 50 13 65 0 0 0 0 23 28.8

1 8 40 5 25 4 20 6 30 23 28.8

2 2 10 2 10 11 55 13 65 28 35.0

3 0 0 0 0 5 25 1 5 6 7.5

bcl-2  χ2=33.818 (p<0.05) (Groups 1– 3, 4 ), (p<0.05) (Groups 2– 3, 4 ), (p>0.05) (Groups 1–2 and 3–4 )
bax  χ2=52.793 (p<0.05) (Groups 1–3, 4 ), (p<0.05) (Groups 2–3, 4 ), (p>0.05) (Groups 1–2 and 3–4 )
c-erbB-2  χ2=51.209 (p<0.05) (Groups 1–3, 4 ), (p<0.05) (Groups 2–3, 4 ), (p>0.05) (Groups 1–2 and 3–4 )



cross-sections revealed a more intense nuclear and cytoplasmic 
staining in the areas of inflammation than hematoxylin–eosin 
staining (Figure 1). In Group 2, diminished nuclear and cy-
toplasmic staining was observed in the areas of psoriasiform 
hyperplasia with bcl-2 (Figure 2). In Groups 3 and 4, relatively 
more intensive nuclear and cytoplasmic staining was found in 
the basal layer in addition to the evaluation of hematoxylin–
eosin staining (Figure 3).

Assessment of cross-sections stained with bax revealed no 
staining in the EEC skin of a majority of patients in Groups 
1 and 2; however, + nuclear and cytoplasmic staining was ob-

served in the basal layer and in regions surrounding the skin 
appendages in a few patients (Figure 4). In cholesteatoma 
samples of patients in Groups 3 and 4, intensive nuclear and 
cytoplasmic staining was found with bax in addition to hema-
toxylin–eosin evaluation (Figure 5). Evaluation of cross-sec-
tions stained with c-erbB-2 revealed diminished nuclear and 
cytoplasmic staining in the areas of increased inflammation 
in Groups 1 and 2 (Figure 6). In Groups 3 and 4, intensive 
nuclear and cytoplasmic staining was observed in addition to 
hematoxylin–eosin evaluation (Figure 7).

Discussion
Compared with normal skin, increased proliferation is ob-
served in keratinocytes in the basal and suprabasal layers of 
cholesteatoma (12). In cholesteatoma, the mechanism of hy-
perproliferation in the epidermis is not clarified yet. Various 
factors were explored in trials performed on this topic. Inflam-
matory parameters such as interleukins, growth factors such 
as epidermal growth factors (EGF) and transforming growth 
factor-alpha (TGF-α), mitotic factors (Ki-67, PCNA, P27, 
P21, P53, active caspase 3, collagen 4), and epithelial markers 
(filaggrin; cytokeratin 1,13,19; BerEp4; EMA) were investi-
gated (1, 13-17). 

Yetiser et al. (15) determined that the cholesteatoma epithelium 
contains high levels of EGF and expresses a more invasive char-
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Figure 4. + nuclear and cytoplasmic bax staining in the external ear 
canal skin of the chronic otitis media group with cholesteatoma 
(Group 2) (white arrow) (400x) 

Figure 5. +++ nuclear and cytoplasmic bax staining in the primary 
acquired cholesteatoma group (Group 3) (white arrow) (400x)

Figure 1. +++ nuclear and cytoplasmic bcl-2 staining of the 
external ear canal skin of the chronic otitis media group without 
cholesteatoma (Group 1) (white arrow) (400x)

Figure 2. +++ nuclear and cytoplasmic bcl-2 staining of the external 
ear canal skin of the chronic otitis media group with cholesteatoma 
(Group 2) (white arrow) (400x) (white arrow) (400x)

Figure 3. ++ nuclear and cytoplasmic bcl-2 staining in the secondary 
acquired cholesteatoma group (Group 4) (white arrow) (200x)



acteristic than normal skin. In the trial performed by Sudhoff et 
al. (16), Ki-67 was reported to be expressed with a rate of 7% in 
normal EEC skin, while the corresponding rate in cholesteatoma 
was 17%. The rate of proliferation in the keratinocytes of choles-
teatoma was found to be significantly higher than normal EEC. 

In recent years, apoptosis in particular was suggested to play a 
role in the pathogenesis of cholesteatoma, and various views 
were proposed in this regard. Park et al. (18) determined that in 
cholesteatoma, survival is significantly increased; hence, apop-
tosis is suppressed in such cases. Olszewska et al. (19) investi-
gated APO2.7, an indicator of apoptosis, in the cholesteatoma 
epithelium and found that the percentage of APO2.7 (+) cells 
is significantly high compared with normal skin, while the rates 
of apoptotic cells in the cholesteatoma epithelium was found 
to be higher than the EEC skin. In a trial conducted using the 
TUNEL method, the rate of apoptosis in cholesteatoma was 
found to be significantly higher than normal skin, and the pro-
liferation/apoptosis ratio was reported to have a prognostic val-
ue (20). On the other hand, Miyazaki et al. (21) determined 
that although a keratinocyte hyperproliferation is present in 
cholesteatoma because of an elevation in various cytokine lev-
els, the process of apoptosis does not demonstrate a significant 
difference from the EEC skin. This was suggested to cause a 

high level of accumulation of keratin debris, which is the specific 
characteristic of middle ear cholesteatoma, thereby leading to 
the progression of cholesteatoma. 

bcl-xL is a bcl-2-related gene that inhibits the apoptosis of tu-
mor cells in DNA damage, as observed with the bcl-2 protein 
(22, 23). Kojima et al. (24) investigated the role of the bcl-xL 
protein on differentiation and apoptosis in the cholesteatoma 
epithelium and determined that apoptotic cells are mutually 
present in the superficial epidermal layers; however, they are not 
observed in the basal cells, and no difference was found between 
the cholesteatoma epithelium and normal EEC skin.

The activation of members of the erbB gene family leads to cellular 
proliferation. In addition, the activation of a erbB receptor in cer-
tain conditions may stimulate cell differentiation, cessation of the 
cell cycle, and even apoptosis. Lewis et al. (11) showed that the rate 
of apoptosis in keratinocytes is statistically insignificant, but the 
inhibition of c-erbB-2 decreased the rate of apoptosis. These re-
sults seem to support the correlation between c-erbB-2 expression 
and apoptosis. Sakamoto et al. (25) described an c-erbB-2 expres-
sion in the cholesteatoma tissue and apoptotic cells using poly-
clonal antibodies against single-stranded deoxyribonucleic acid 
(ssDNA). The cholesteatoma tissue expressed ssDNA immunore-
activity in keratinocytes in all cell layers. Comparison with retro-
auricular skin revealed similar immune staining patterns; however, 
very high levels of anti-ssDNA immunoreactivity were detected in 
cholesteatoma. These findings indicate that apoptosis and cellular 
differentiation are increased in cholesteatoma. Increased apoptosis 
associated with elevated c-erbB-2 levels was indicated to cause an 
accumulation in keratin debris and played a significant role in the 
pathogenesis of cholesteatoma. 

To specify the role of apoptosis and related elevation in cellular 
proliferation in the pathogenesis of cholesteatoma, the expres-
sions of anti-apoptotic gene bcl-2, bax from the same family 
with apoptotic activity, and c-erbB-2 oncogene, which has a role 
in cellular proliferation and apoptosis, were investigated. Upon 
comparison of the staining scores with bcl-2, bax, and c-erbB-2, 
no statistically significant difference was found in samples ob-
tained from the EEC skin of patients operated for COM with 
and without cholesteatoma (p>0.05). Based on these results, we 
may indicate that the rate of apoptosis in the EEC skin of pa-
tients operated for COM with and without cholesteatoma are 
similar. No statistically significant difference was found between 
primary and secondary acquired cholesteatoma epithelium in 
terms of bcl-2, bax, and c-erbB-2 expressions (p>0.05). These 
results show that the rate of apoptosis does not differ in various 
acquired cholesteatoma epithelium. 

Compared with the EEC skin of patients operated for COM 
with cholesteatoma, decreased bcl-2 expression and increased 
bax and c-erbB-2 expressions were found in primary and ac-
quired cholesteatoma epithelium, and these values were found 
to be statistically significant (p<0.05). Decreased bcl-2 expres-
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Figure 6. + nuclear and cytoplasmic c-erbB-2 staining in the 
external ear canal skin of the chronic otitis media group without 
cholesteatoma (Group 1) (white arrow) (400x)

Figure 7. + nuclear and cytoplasmic c-erbB-2 staining in the primary 
acquired cholesteatoma group (Group 3) (white arrow) (400x)



sion and increased bax and c-erbB-2 expressions indicate that 
the rate of apoptosis is high in primary and secondary acquired 
cholesteatoma epithelium as compared with the EEC skin. In 
addition, particularly high expression of c-erbB-2 in primary 
and secondary acquired cholesteatoma epithelium compared 
with the EEC skin is an indicator of increased proliferation in 
the cholesteatoma epithelium. 

Conclusion
Our results indicate that increased cellular proliferation and 
apoptosis may play a significant role in the pathogenesis of cho-
lesteatoma by leading to the accumulation of keratin debris, a 
substance responsible for the progression of cholesteatoma. 
These data suggests that increased proliferation and apoptosis 
play a significant role in the pathogenesis of cholesteatoma. 
However, further trials are required to clearly identify the mech-
anisms involved in pathogenesis. 
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