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Original Investigation

Objective: The aim of this study was to compare sub-
epithelial angiogenesis developing within the perima-
trix of the cholesteatoma between pediatric and adult 
patients.

Methods: Sixty-one patients who underwent mas-
toidectomy for the first intent because of chronic otitis 
media with cholesteatoma between 1993 and 2013 and 
from whom appropriate tissue specimens were taken 
were included in the study. The patients were classified 
in the pediatric patient group if they were under the 
age of 18 years and the adult patient group if they were 
18 years and older. Immunohistochemical staining for 
CD-31 was performed on new sections taken during 
surgery and sections prepared from archived tissues in 
paraffin blocks. Results were compared between the 
groups.

Results: A total of 61 patients, of whom 25 were pedi-
atric and 36 were adult patients, were included in the 
study. The mean CD-31 immunopositive microvessel 
rates were 8.8 (3-15) and 6.61 (2-14) for the pediatric 
and adult patient groups, respectively. The difference be-
tween the groups was statistically significant (p=0.037). 
Correlation analysis showed a statistically significant 
negative correlation between the CD-31 immunopos-
itive microvessel rates and age (p=0.036).

Conclusion: Subepithelial angiogenesis developing 
within the perimatrix of the cholesteatoma of the pedi-
atric patients was more expressed than that of the adult 
patients.
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Introduction
Cholesteatoma develops from the squamous cell 
epithelium in the air spaces of the temporal bone 
and it includes keratin debris in its center. It is a 
disease that displays histopathologically benign 
but clinically local destructive clinical course. In 
its pathogenesis, increased cell proliferation in the 
epithelial tissue and keratin production are re-
sponsible. It is a immunohistochemical marker in 
CD-31 microvascular vein endothelium and it is 
defined in tumor angiogenesis (4, 5). Hypoxic pe-
riod developing in cholesteatoma, tissue damage, 
and increased inflammatory cells stimulate angio-
genesis through vascular and endothelial growth 
factors. Angiogenesis increasing in the subepithe-
lial tissue, namely in perimatrix, can be considered 
as one of the biological markers of cholesteatoma 
activity (5, 6). 

In this retrospective study in which it was aimed 
to compare pediatric and adult patients with re-
gard to subepithelial angiogenesis in cholesteato-
ma perimatrix, the density of microvessels stained 
with CD-31 was detected. Moreover, the relation-
ship between the age of patients and the number 
of microvessels was investigated through correla-
tion analysis.   

Methods
Before beginning the study, the ethical approv-
al was received from the Non-Invasive Research 
Ethics Committee with the decision number of 
2013/17-15.  

A total of 223 patients who had been implement-
ed mastoidectomy for the first time due to chronic 
otitis media in our clinic between 1993 and 2013 
were determined retrospectively. Their tissue sam-
ples taken during surgery were examined. The in-
clusion criteria were defined as having been taken 
adequate and appropriate tissue sample including 
epithelial and subepithelial cells for immunohisto-
chemical staining, giving consent for the study, and 
having completely reachable recordings. Tissue 
samples of sixty one patients meeting these criteria 
were included in the study. The patients younger 
than 18 years old were put into the pediatric pa-
tient group and the patients at the age of 18 years 
and older were included in the adult patient group.   

New sections were prepared from the paraf-
fin-embedded blocks of the patients, which were 
preserved in the archive of Pathology department. 
The sections were kept in 950C CC1 (cell condi-
tioning 1) (Ventana Medical Systems, Tuscon, Ar-
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izona, USA) solution for 52 minutes and then incubated in a 
solution prepared in the ratio of 1/50 dilution from PECAM 
(MAB346P) (Innovex Biosciences, Richmond, USA) for 32 
minutes. Stainings were carried out in Benchmark Ultra (Ven-
tana Medical Systems, Tuscon, Arizona, USA) device by using 
Ultraview Universal DAB Detection kit (Ventana Medical 
Systems, Tuscon, Arizona, USA). CD-31 stained sections were 
viewed in Eclipse Ci (Nikon, Tokyo, Japan) microscope and 
digitalized with DS-Fi2 camera. Then, they were transferred to 
the computer. The number of microvessels immunopositively 
stained with CD-31 in the section was determined at x20 mag-
nification on the computer screen (Figure 1).   

While analyzing the data obtained, SPSS 15.0 statistical soft-
ware (IBM, New York, USA) was used. The mean values and 
standard deviations were calculated. The mean values of the 
variables were compared using Mann Whitney U test. Kendall’s 
tau-b test was employed for correlation analysis. The level of sig-
nificance was accepted to be p<0.05.   

Results
A total of 61 patients, including 25 pediatric and 36 adult pa-
tients, were involved in the study. Of them, 29 (47,5%) were 
female and 32 (52,5%)  were male. The mean age of patients, 
who ranged from 3 years to 71 years old, was found to be 27.31 
years [mean 27,31 years (SD +/-18.345 years)]. The pediatric 
patient group included 25 (13 female and 12 male) patients and 
the mean age was 10,6 years [mean 10,6 years (SD +/-4.103 
years)]. In the adult patient group, there were 36 (16 female and 
20 male) patients and their mean age was detected to be 38,92 
years [mean 38,92 years (SD +/-15.08 years)].

The mean number of microvessels was 8,8 [mean 8,8 (SS +/- 
4,61)] in the pediatric patient group and 6,61 [mean 6,61 
(SS:3,659)] in the adult patient group. 

In comparison of the pediatric and adult groups, the number of 
microvessels immunopositevely stained with CD-31 was found 
to be significantly higher in the pediatric patient group (p:0,037, 
Mann-Whitney U test) (Table 1).

The correlation analysis performed using data of all patients re-
vealed a negative and statistically significant correlation between 
the patient age and the number of microvessels (p: 0,036, Ken-
dall’s tau-b) (Table 2).

Discussion
Cholesteatoma comprises of squamous cell epithelium develop-
ing in the air spaces of the temporal bone. The epithelium con-
stitutes cholesteatoma matrix in the periphery and includes an 
acellular layer associated with increased keratin production in its 
center (1). The perimatrix layer that is rich in inflammatory cells 
and has histopathological features similar to granulation tissue 
is observed around the matrix. Inflammation and enzymatic re-
actions developing in the perimatrix are held accountable for the 

destructive course of cholesteatoma (1).  Especially in pediatric 
cholesteatoma that is thought to be more aggressive, the struc-
ture of the perimatrix and its histochemical characteristics have 
been investigated in many studies.  

Quaranta et al. (7) considered the inflammation of the perima-
trix responsible for the clinical features of pediatric cholestea-
toma. They examined histomorphological features of the peri-
matrix in the cholesteatoma tissues of 30 pediatric and 30 adult 
patients and they found that the number of mononuclear cells 
in the perimatrix was higher in the pediatric group. Based on 
these findings, they suggested that the perimatrix was thicker 
and more active in pediatric cholesteatoma.  

Mayot et al. (8) evaluated tissue samples of 14 pediatric patients 
having undergone surgery for otitis media with cholesteatoma 
and observed a severe inflammatory response in the junction of 

Table 1. Findings obtained from pediatric and adult patient groups

	 Pediatric group	 Adult group	 p

Total	 25 	 36
	 (13 female and 12 male)	 (16 female and 20 male)	

Age	 mean  	 mean  
	 10.6 (SD +/-4.103)	 38.92 (SS +/-15.08)
	 median 10 (3-17)	  median 36.5 (19-71)	

The number of 	 mean 	 mean 
microvessels	 8.8 (SS +/- 4.61)	 6.61 (SS +/- 3.659)
	 median  8 (3-15)	  median  6 (2-14)	 *0.037

* Mann-Whitney U

Table 2. Findings of correlation analysis 

Age		  The number of microvessels

	 Correlation Coefficient	 -0.192

	 p	 **0.036

** Kendall’s tau-b

Figure 1. Structures of microvessels observed at x20 magnification 
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epidermis and middle ear mucosa. They determined CD-1 pos-
itive Langerhans cells, mast cells, and the IgA-producing cells 
and obtained findings consistent with delayed-type hypersen-
sitivity. And, they suggested that this inflammation developing 
in the mucosa could be responsible for the pathogenesis of cho-
lesteatoma. 

In the study of Dornelles et al. (9), the thickness of the perima-
trix, which is the center of inflammatory reaction in pediatric 
and adult patients, was measured and the results differed be-
tween 27 and 1277 micrometer. Although the mean thickness of 
the perimatrix was higher in adult patients, moderate but reverse 
correlation was found between age and perimatrix thickness in 
correlation analyses. In short, according to the result of Dor-
nelles et al.’s study, as the age of patient increases, the thickness 
of the perimatrix decreases. 

The most important feature of the perimatrix is probably its 
metabolic activity apart from its dimensional features. Dornelles 
et al. conducted a study with a population including pediatric 
and adult patients on epithelial thickness, perimatrix thickness, 
and the density of inflammatory cells in the perimatrix and they 
detected a strong correlation between the matrix and perimatrix 
thickness (10). However, they found no correlation between the 
density of inflammatory cells in the perimatrix and patient age 
or perimatrix thickness. 

In another study, Dornelles et al. examined MP-2 and MP-9 
levels for metalloproteinase (MP) activity and CD-31 levels for 
angiogenesis in the sections of pediatric and adult cholesteato-
ma tissues. They found the CD-31 and MP levels to be signifi-
cantly higher in the pediatric group (5).

It has been focused on that hypoxic period developing in cho-
lesteatoma increases inflammatory reactions and growth factors 
secreted from inflammatory cells stimulate angiogenesis. In the 
studies conducted on increased angiogenesis in the perimatrix, 
Stammberger et al. (11) examined factor-8 levels and found in-
creased levels of factor-8 in cholesteatoma compared to normal 
skin. In the study of Sudhoff et al., they detected that growth 
factors such as β-FGF, TGF-α, TGF-β1 and VEGF, which are 
responsible for increased angiogenesis, were elevated in choles-
teatoma tissue compared to both the skin of the external audito-
ry canal and the middle ear mucosa (12).

In the studies performed about tumor angiogenesis, CD-31 was 
defined as an immunomarker in the vascular endothelium. Dif-
ferent from other angiogenesis immunomarkers, it is not found 
in lymphatic vessels (4, 5). The severity of increased inflamma-
tion in cholesteatoma, especially in the perimatrix, and the den-
sity of angiogenesis can be demonstrated through determination 
of the number of microvessels immunopositively stained with 
CD-31. Therefore, increased CD-31 immunopositivity and the 
number of microvessels were accepted to be biological markers 
of chelesteatoma activity. 

Dornelles et al. compared 60 pediatric and 60 adult patients in 
their study and they found the density of CD-31 as 7 (4-11) in 
the pediatric patient group and as 4 (0-10) in the adult patient 
group (5). They evaluated this difference to be statistically signif-
icant. Since metalloproteinases (cytoplasmic and nuclear MP-2, 
MP-9) were also detected to be high in the same study, they 
associated CD-31 with the degree of inflammation.   

In the study of Jin et al. on epidermal growth factor receptor 
and CD-31 levels, 32 cholesteatoma tissues were compared 
to 6 postauricular skin tissues (6). Epidermal growth factor 
receptor was found to be higher in cholesteatoma tissue, al-
though it was statistically insignificant. CD-31 levels were 
detected to be significantly higher in cholesteatoma tissues 
than in skin tissues and they were correlated with growth fac-
tor receptor levels. 

In our study, the number of microvessels stained with CD-31 
immunomarker was revealed to be significantly higher in the 
pediatric patient group than in the adult patient group. More-
over, as a result of correlation analysis, it was found that as the 
age of patient increased, the number of microvessels decreased.  
This demonstrated that inflammatory mechanisms developing 
in the perimatrix increased angiogenesis and this characteristic 
was more remarkable in pediatric patients. 

Not having taken tissue sample from each patient who had been 
undergone tympanpmastoidectomy previously or the absence 
of sufficient epithelial tissue for advanced immunohistochem-
ical staining in the tissue samples taken caused the number of 
participants to be lower than expected. This is a limitation of 
our study. In some tissue samples, only keratin clusters were ob-
served and their epithelial tissues could not be determined. This 
shows that wider biopsy specimen covering matrix and perima-
trix should be taken from the neighbor tissue, not only from the 
content of cholesteatoma. Moreover, samples being preserved 
in formaldehyde and being archived in paraffin blocks make 
studying with some techniques (such as microRNA and gene 
expression), which have been begun to be used more frequently 
in current studies, impossible for now.

Conclusion
Angiogenesis encountered in cholesteatoma perimatrix is a re-
sult of inflammatory period and it can be accepted to be asso-
ciated with the severity of inflammation. The high number of 
microvessels in the pediatric patient group and even the increase 
in the number of microvessels in parallel to decreased age show 
that increased inflammatory period in this age group can be one 
of the mechanisms responsible for the destructive course of cho-
lesteatoma activity.
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