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Introduction
Cholesteatoma is a benign lesion that gradually spreads 
and causes erosion of the temporal bones. This erosion 
causes the breakdown of adjacent bone structures.1 

This bone resorption will be the prelude to various 
complications.1,2 Bone tissue resorption may lead to 
hearing loss, semicircular canals, facial paralysis, and 
intracranial complications. Cholesteatoma is divided into 
hereditary and acquired. Although cholesteatoma can 
have different origins, it has the same cellular mechanism.3  
In cholesteatoma, the cell proliferation is altered, which 
affects the balance in the aggressive growth of squamous 
cell mucosal cells. However, it is not yet clear whether 
this imbalance is related to the mechanisms and genes 
defects involved in controlling cellular proliferation, or to 
cytokines released from inflammatory cells.4 

Matrix metalloproteinases (MMPs) are calcium-
dependent zinc-containing endopeptidases. On the 
whole, the activity of MMPs is tightly controlled, because 
increasing their activity terminates the extracellular matrix 
and thus increases the invasion of the epithelium.5  Studies 
have shown that an obvious imbalance in the regulation 

of MMPs in cholesteatoma leads to the destruction of the 
extracellular matrix by regulating increased MMP gene 
expression and decreasing MMP inhibitors.6-8 

MMP-9 is the only member of the MMPs family that 
can bind and digest collagen as the most important 
component of the basement membrane due to its ternary 
structure of fibronectin and devastates extracellular matrix 
proteins.9 Therefore, the expression changes of this gene 
can have important functions in changing their function.10 
The different type of cells, such as neutrophils, fibroblast 
endothelial cells, progenitor cells, connective tissue cells, 
tumor cells , and parenchymal cells produce MMP-
9.11  To evaluate the clinical value in the development of 
cholesteatoma, and its role in cholesteatom prediction 
and prognosis, diagnosis and treatment monitoring, this 
study compared the expression levels of MMP-9 between 
the cholesteatoma and healthy tissues around the lesions.

Methods
Study design
This study was a case-control study. Patients who were 
referred to the Sina Educational, Research and Treatment 
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ARTICLE INFO Abstract
Background: Cholesteatoma, a serious, expanding otolaryngologic condition, is challenging to 
otolaryngologists worldwide. The purpose of the present study was to evaluate the expression of 
MMP-9 gene in cholesteatoma patients.
Methods: In this study, 40 samples of tumor tissue and 40 samples as control of tumor margins of 
patients with cholesteatoma were examined. Quantitative real-time polymerase chain reaction 
(PCR) was used for detection of the MMP-9 gene expression levels in cholesteatoma and 
control group.  expression changes were calculated by ΔCT formula and data were analyzed by 
GraphPad Prism 8.
Results: MMP-9 expression level in case group was significantly higher than the control group 
(P = 0.0011). ROC analysis for the MMP-9 gene expression level that discriminates Cholesteatoma 
tumoral tissue from healthy tissues revealed a sensitivity of 67.5 % and a specificity of 84.62% 
with an area under the curve (AUC) value of 0.75 (P < 0.001).
Conclusion: The results indicated that MMP-9 is overexpressed in cholesteatoma tumoral tissues 
group compared to the healthy tissues. Based on AUC value of RUC curve analysis of MMP-9 
expression level could be helpful in diagnosis of tumoral tissue form healthy tissue.
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Center in Tabriz for cholesteatoma surgery were entered 
in this study. Patients with complete clinical data and 
those who hadn’t obtained pertinent diagnoses and 
treatments in other hospitals meet the inclusion criteria. 
Patients with carious otitis media, middle ear malignancy, 
pregnancy, lactation, other severe diseases or tumors, 
communication problems, or cognitive impairment, and 
cholesteatoma patients who received treatment previously 
were excluded from the study. After explaining the study 
and its aims to the participants, written consents were 
obtained for attaining a pathology sample from patients.  
The provisions of the Helsinki Statement were considered 
in the study. 

Detection method for expression level of MMP-9
Prior to molecular analyses being carried out in the 
Immunology Research Center, tissue samples were 
kept in RNA Later reagent (Invitrogen, Carlsbad, CA) 
containers. The tissues were homogenized in the RiboEx 
total RNA extraction solution (GeneAll Biotechnology 
CO, LTD, Korea). RNA isolation was carried out in 
accordance with the manufacturer’s instructions. Agarose 
gel electrophoresis and Thermo Scientific’s NanoDrop 
2000c device were used to determine the concentration 
and quality of the isolated RNA samples.

cDNA was synthesized using a first standard 
complementary DNA (cDNA) synthesis kit(Fermentas 
Life Sciences, Vilnius, Lithuania). cDNA syntheses were 
carried out using 3 µg of total RNA. Real-time qRT-PCR 
was carried out utilizing the Light Cycler 96 equipment. 
In Table 1, the primer sequences are listed. GAPDH 
was employed as, housekeeping gene. Data analysis was 
accomplished using the ΔCT formula. 

Statistical analysis
Data were entered and analyzed by GraphPad Prism 8. 
Each data set underwent descriptive column statistics, and 
the Kolmogorov-Smirnov test was applied to indicate how 
the data were distributed. Mean ± standard deviation (SD) 
was applied to display quantitative data and frequency 
was applied to display qualitative data. To compare the 
demographic data between cholesteatoma and control 
group we used independent t test and chi square test. To 
assess the difference between two group we used paired 
t test. A receiver operating characteristic (ROC) analysis 
was done to evaluate the potential of MMP-9 expression 
in discriminating cholesteatoma and healthy tissue. AUC, 
or the area under the ROC curve, was calculated for the 
analysis using a 95% confidence interval. The P values 
lower than 0.05 were considered significant.  

Results
General information
In this study, 40 samples of tumor tissue and 40 samples 
of tumor margins of patients with cholesteatoma were 
examined. Demographic information of patient showed 
in Table 2. As can be seen there was no significant 

relationship between the demographic specifications and 
MMP9 expression.

MMP-9 expression in cholesteatoma and non-
cholesteatoma tissues
Real-time PCR was used to evaluate the changes in the 
MMP-9 mRNA expression between cholesteatoma and 
control groups. 

The results showed that MMP-9 expression level was 
significantly higher in the cholesteatoma group compared 
to the control group (P = 0.0011) (Figure 1). 

MMP-9 expression and clinical significance in 
cholesteatoma 
ROC curve plot was depicted according to MMP-9 
expression to evaluate its diagnostic value in cholesteatoma. 
ROC analysis for the MMP-9 gene expression level that 
discriminates cholesteatoma tumoral tissue from healthy 
tissues revealed a sensitivity of 67.5 % and a specificity of 
84.62% with an AUC value of 0.75 (P < 0.001) (Figure 2).

Discussion
The aim of the present study was to analyze the expression 
level of the MMP-9 gene in patients with cholesteatoma. 
The results displayed that the expression level of MMP-9 
in the tumoral tissue was significantly higher than in non-
tumoral tissues. 

In cholesteatoma the structures of the middle ear and 
mastoid bone is destroyed in an unpredictable way. 
Although cholesteatoma may be present for years, it is 
not clear what the mechanism of bone devastation is.12 
Inflammation and inflammatory factors plays a main 
role in the cholesteatoma development and progression.13 
For bone destruction to occur, the type I collagen in the 
matrix must first be broken down.14 The MMPs play an 

Table 1. The primer sequences of MMP-9 and GAPDH genes

Gene Primer sequences TM (°C)

MMP9 59

Forward TTGACAGCGACAAGAAGTGG

Reverse GCCATTCACGTCGTCCTTAT

GAPDH 59

Forward CAAGATCATCAGCAATGCCT

Reverse GCCATCACGCCACAGTTTCC

Table 2. Demographic information of the cases and controls and the 
association of the demographic data and cholesteatoma

Variable
Cholesteatoma cases

No. (%)
Control
No. (%)

P value

Gender
Female/Male Female/Male

0.541
18 (45)/22 (55) 17/23

Age
 > 40  > 40

0.032
21 (52.5) 12

Smoking history
Positive Positive

0.041
9 (22.5) 2

Family history
Positive Positive

0.048
5 (12.5) 1
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important role in the matrix and bone homeostasis as well 
as in osteolytic diseases. Also, MMPs are involved in the 
pathogenesis of malignant diseases.15

MMPs are enzymes that proteolize the extracellular 
matrix (ECM) inorganic contents. They are synthesized as 
pro-enzymes in most cases and secreted as pro-MMPs.16 
MMPs are important both in the natural regeneration 
process and in the rapid degradation that occurs in 
wound healing,17 invasion of malignant tumors,18 and 
inflammatory diseases.19

The destruction of basement membrane and 
extracellular matrix in vivo and in vitro is associated 
with MMP-9 enzyme activity. The different type of cells 
such as epithelial cells, osteoblasts, fibroblasts, dendritic 
cells, keratinocytes, and T cells produce MMP-9.9  
MMP-9 is involved in cellular migration, inflammatory 
process and the progressive activity of cholesteatoma 
cells.20 This metalloproteinase facilitates the release 
of angiogenic factors and thus increases the epithelial 
cells of the cholesteatoma.21 As the degree of damage to 
epithelial cells increases, the expression level of MMP-
9 also increases, so MMP-9 is closely associated with 
cholesteatoma development and progression.22 Wu et al 
showed that, the expression level of MMP-9 in patients 
with progressive cholesteatoma is meaningfully more  
than in patients with localized ones, indicating the role 
of this metalloproteinase in the pathophysiology of 
the disease.23 The present study showed the increased 
expression of MMP-9 in cholesteatoma tumor cells than 
of the tumor margin cells. 

Schmidt et al showed that MMP-9 expressed majorly 
in the super basal layers and to a lesser extent in the 
epithelium basal layers of the cholesteatoma like in pre-
matrix inflammatory cells.24 Juhász et al study showed 
that MMP-9is overexpressed in the cholesteatoma and 
high level of MMP-9 expression  is correlated with bone 

destruction in cholesteatoma progression process.25 In 
2016, Olszewska et al found that MMP-9 expression 
level is higher in cholesteatoma tissues than its serum /
plasma level in cholesteatomapatients.22 This study 
results indicate that the there is a strong association 
between high expression of MMP-9with inflammation 
in cholesteatoma.22 Wu et al in 2019 showed that 
overexpression of MMP-2/MMP-9 and IL-6 in the 
sera of patients with cholesteatoma’s otitis media are 
related to the bone damage degree.26 Also, Vranješ et al 
showed that overexpression of MMP-9, TNF-R2 and 
IL-1 was significantly associated with granulation and 
mucosal hypertrophy presence in the acquired middle ear 
cholesteatoma.27 Our study results were consistent with 
previous studies findings and confirmed them. 

Conclusion 
Our finding showed that the expression level of MMP-9 
in the cholesteatoma group was significantly higher than 
the control group. 
Based on AUC value of RUC curve analysis of MMP-
9 expression level could be helpful in diagnosis of 
cholesteatoma by sensitivity of 67.5% and a specificity of 
84.62%, which shows the clinical importance of evaluation 
of MMP-9 expression level in detection of cholesteatoma.
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