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Abstract
Objective: Proteases of the disintegrin and metalloproteinase family (also known as ADAM proteins) are involved
in various physiological and pathological processes. This study assessed the expression of disintegrin and
metalloproteinase family proteins 10, 12 and 17 in cholesteatoma.

Materials and methods: The study evaluated cholesteatoma specimens from 19 patients, and external ear canal
skin samples from 7 of the same patients (as controls), for the expression of disintegrin and metalloproteinase family
proteins 10, 12 and 17, using immunohistochemical methods.

Results and analysis: The study observed over-expression of proteins 10 and 17 in blood vessels, and over-
expression of proteins 12 and 17 in cholesteatoma stroma. Immunostaining scores for proteins 10, 12 and 17 in
epithelial and inflammatory cells from cholesteatoma specimens versus control specimens showed no
statistically significant differences.

Conclusion: Over-expression of disintegrin and metalloproteinase family proteins 10, 12 and 17 in cholesteatoma
may be related to cholesteatoma pathogenesis. These proteins deserve further study as they may represent potential
targets for cholesteatoma treatment.
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Introduction
The pathophysiology of acquired cholesteatoma con-
tinues to be controversial. Growing evidence leads us
to consider the genesis, expansion and progression of
cholesteatoma as a complex interaction between the
anatomical, inflammatory and regulatory factors
involved in cellular proliferation and differentiation.
Over the past two centuries, our understanding of cho-
lesteatoma has been improved by the theories of inva-
gination, basal cell hyperplasia or papillary ingrowth,
metaplasia, and epithelial invasion. However, the
exact mechanisms responsible for the invasion, recidi-
vism and destruction seen in this disease remain
unclear.1

The role of enzymatic and cytokine-mediated
inflammation in the pathogenesis of cholesteatoma
has been studied in recent decades. Certain members
of the metalloproteinase superfamily (matrix metallo-
proteinases 2 and 9) have been shown to play some
role in the process.2–4

The disintegrin and metalloproteinase family of pro-
teins (also known as ADAM proteins) are members of

the metalloproteinase superfamily.5,6 They are unique,
multidomain transmembrane and secreted proteins
which are capable of mediating cell adhesion,
migration, development and signalling. Proteases of
the disintegrin and metalloproteinase family are
involved in a variety of physiological processes, and
also in the pathogenesis of various inflammatory and
hyperproliferative diseases, including cancer.6,7 One
of their best-established functions is the release of bio-
logically important ligands such as tumour necrosis
factor α (TNF-α), epidermal growth factor, transform-
ing growth factor α and amphiregulin.6 Because these
ligands have been implicated in the pathogenesis of
cholesteatoma, it might be expected that the specific
disintegrin and metalloproteinase family proteins
involved in their release would also be involved in
the formation of cholesteatoma.
In this study we aimed to elucidate the expression of

disintegrin and metalloproteinase family proteins 10,
12 and 17 in cholesteatoma tissues, and to investigate
the possible role of these proteins in the pathogenesis
of cholesteatoma.
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Materials and methods
We included in the study 19 patients who were under-
going surgery for chronic otitis media with acquired
cholesteatoma at the otorhinolaryngology department
of Baskent University Hospital, Ankara, Turkey.
We excluded from the study patients with a history

of any kind of previous ear surgery, or with cholestea-
toma classified as congenital.
The study protocol was approved by the Baskent

University Ethics Committee for Clinical Research.
Written, informed consent was obtained for all patients.
All patients underwent surgery via a postauricular

approach. In seven of these patients, a 3 × 3 mm skin
sample was taken from the external ear canal during the
same operation, as a control specimen. Cholesteatoma
and control skin samples were placed in transport
medium and sent to the pathology laboratory for immu-
nohistochemical evaluation.

Immunohistochemical evaluation

Expression of disintegrin and metalloproteinase family
proteins 10, 12 and 17 was evaluated using paraffin
blocks, using the tissue microarrays technique. Arrays
were assembled by taking core needle ‘biopsies’ from
specific locations containing epithelial and stromal
components, within paraffin-embedded tissue blocks
from the archives of the Baskent University pathology
department, and re-embedding them in an arrayed ‘reci-
pient’ block. Two cores were taken for each case, each
approximately 0.6 mm in diameter.
Immunohistochemical analysis for the three proteins

was performed using the streptavidin-biotin-peroxidase
technique. After construction, 3-mm-thick sections were
obtained from ‘recipient’ new paraffin blocks and
placed onto poly-l-lysine-covered slides. Sections were
deparaffinised in xylene and dehydrated in descending
dilutions of ethanol. For antigen retrieval, slides were
treated by microwave heating in citrate buffer (pH 6.0)
for 20–25 minutes. Endogenous peroxidase activity was
blocked by 30 minutes of incubation with 0.3 per cent
hydrogen peroxidase. Slides were tested with antibodies
to disintegrin and metalloproteinase family protein 10
(1:100, rabbit polyclonal; Santa Cruz Biotechnology,
Santa Cruz, California, USA), protein 12 (1:100, rabbit
polyclonal; Santa Cruz Biotechnology), and protein 17

(1:100, mouse monoclonal; Santa Cruz Biotechnology),
and incubated for 24 hours at room temperature. After
incubation with primary antibody, slides were washed
with phosphate-buffered saline for 5 minutes.
Biotinylated goat anti-polyvalent antibody (Lab Vision,
Fremont, California, USA) was applied. Sections were
tested using the streptavidin-biotin-peroxidase kit
(UltraVision Detection System Anti-polyvalent, horse-
radish peroxidase and 3-amino-9-ethylcarbazole;
Thermo Scientific, Waltham, Massachusetts, USA).
After incubation, the reaction product was detected
using 3-amino-9-ethylcarbazole (Thermo Scientific).
Finally, the sections were counterstained with

Mayer’s haematoxylin, and mounted using mounting
medium.
Slides were examined within 24 hours of staining.

Immunoreactivity was assessed by a pathologist who
was blinded to the origin of the slides.
Staining intensity was scored using the following

criteria: 0, negative staining of cells; 1+, weak positiv-
ity of cells; 2+, moderate positivity of cells; and 3+,
strong positivity of cells. The immunostaining intensity
of the cholesteatoma epithelial cells, stroma, inflamma-
tory cells and blood vessel mesenchymal cells was
noted and compared with that of the external ear
canal skin specimens.

Statistical analysis

Statistical analysis was performed by using the SPSS
version 15.0 software program (SPSS Inc, Chicago,
Illinois, USA). Immunostaining of the epithelium,
stroma and vessel mesenchymal cells, in cholesteatoma
and control samples, was analysed using the chi-square
test. A p value of less than 0.05 was considered statisti-
cally significant.

Results and analysis
Table I compares immunohistochemical staining
results for the 19 cholesteatoma specimens and 7 exter-
nal ear canal skin samples.
Therewas no statistically significant difference between

the immunostaining scores forepithelial and inflammatory
cells, for the disintegrin andmetalloproteinase family pro-
teins 10, 12 and 17, comparing the cholesteatoma and
control group (p> 0.005) (Table I).

TABLE I

IMMUNOSTAINING RESULTS

Cell type Disintegrin and metalloproteinase family protein

10 12 17

Chol Ctrl p∗ Chol Ctrl p∗ Chol Ctrl p∗

Epithelium 1 (1–3) 2 (1–3) 0.202 2 (1–3) 3 (2–3) 0.783 2 (1–2) 2 (1–3) 0.139
Blood vessel 1 (1–2) 1 (1–1) 0.039 2 (1–3) 2 (1–2) 0.562 2 (1–2) 1 (1–1) 0.002
Stroma 1 (1–2) 1 (1–1) 0.187 2 (1–3) 1 (1–1) 0.030 1 (1–2) 1 (0–1) 0.011
Inflammatory 2 (1–3) 3 (1–3) 0.132 2 (1–3) 3 (1–3) 0.132 2 (1–3) 3 (1–3) 0.308

Data represent immunostaining score median (minimum–maximum), unless otherwise indicated. ∗Pearson chi-square test. Chol= cholestea-
toma; Ctrl= control
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However, an increased immunostaining score was
seen for blood vessel mesenchymal cells from the cho-
lesteatoma group, for protein 10 (median, 1; range,
1–2) (p= 0.039) and protein 17 (median, 2; range,
1–2) (p= 0.002), compared with the control group.
An increased immunostaining score was also seen for
stromal cells from the cholesteatoma group, for
protein 12 (median, 2; range, 1–3) (p= 0.03) and
protein 17 (median, 1; range, 1–2) (p= 0.011), com-
pared with the control group (Table I).
These results suggest that protein 10 was over-

expressed in cholesteatoma blood vessels, protein 12
was over-expressed in cholesteatoma stroma, and
protein 17 was markedly over-expressed in both choles-
teatoma blood vessels and stroma (Figures 1 to 3).

Discussion
Despite improvements in our understanding, the patho-
physiologyof cholesteatomacontinues to be controversial
and debated widely. The biological factors that predict

development, aggressiveness and recurrenceof cholestea-
toma remain unclear. However, ongoing research find-
ings lead us to consider the formation, growth and
progression of cholesteatoma as a complex interaction
between anatomical, inflammatory and regulatory
factors affecting cellular proliferation anddifferentiation.1

The disintegrin and metalloproteinase family of pro-
teins (also known as ADAM proteins) are a recently
discovered group of multidomain transmembrane and
secreted proteins that belong to the metzincin family
of metalloproteases, which also includes astacins and
matrix metalloproteinases.8 These proteins mediate
cell adhesion and the proteolytic release of cell
surface molecules. They also have a prominent role in
releasing soluble mediators such as growth factors, hor-
mones and chemokines. Members of this family are
involved in various normal physiological processes
(e.g. the interaction of sperm and egg, cell fate determi-
nation, cell migration, wound healing, neurite and axon
guidance, heart development, immunity, cell prolifer-
ation, and angiogenesis) but also in the pathogenesis

FIG. 1

Photomicrographs of immunostaining for disintegrin and metallo-
proteinase family protein 10, showing: (a) over-expression in cho-
lesteatoma, with increased staining of vascular structures and

inflammatory cells; and (b) control tissue. (×40)

FIG. 2

Photomicrographs of immunostaining for disintegrin and metallo-
proteinase family protein 12, showing: (a) general increased staining

in cholesteatoma; and (b) control tissue. (×40)
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of diverse inflammatory and hyperproliferative diseases
(including rheumatoid arthritis, Alzheimer’s disease,
cardiac hypertrophy, asthma and cancer).5,6 Further
information about the structure, synthesis and functions
of the disintegrin and metalloproteinase family of pro-
teins, and their pathophysiological roles, can be found
in a number of excellent recent reviews.5–8

Some of the best-characterised biologically impor-
tant disintegrin and metalloproteinase family substrates
are TNF-α, epidermal growth factor, transforming
growth factor α, epiregulin and amphiregulin, which
are released by protein 17.5,6,9–11 Epidermal growth
factor, collagen IV and betacellulin are released by
protein 10.11,12 Finally, heparin-binding epidermal
growth factor, collagen IV, fibronectin, and insulin-
like growth factor binding proteins 3 and 5 are pro-
cessed by protein 12.13–15

In previous studies of cytokine-mediated inflam-
mation and bone destruction within cholesteatoma,
molecules such as TNF-α,16–18 epidermal growth

factor,19,20 transforming growth factor α,21,22 epiregu-
lin,23 amphiregulin,24 collagen IV,25,26 fibronectin,25,27

and matrix metalloproteinases-2 and -92,3 were shown
to be related to either the formation or the proliferation
and growth of cholesteatoma. Thus, disintegrin and
metalloproteinase family proteins 10, 12 and 17 may
constitute some of the missing links between cytokine
production and cholesteatoma development, as these
proteases are involved in the release of soluble inflam-
matory mediators.
Data from ‘knockout’ mice studies have shown a

relationship between disintegrin and metalloproteinase
family protein 17 (also known as TNF-α converting
enzyme) and epithelial abnormalities.28 Kawaguchi
et al.29 examined the expression of protein 17 in
normal skin and found it to be expressed throughout
all layers of the epidermis, in blood vessels of
dermis, and particularly in mast cells. Later, these
same authors30 demonstrated over-expression of
protein 17 in psoriatic skin lesions. Recently, Oh
et al.31,32 showed over-expression of disintegrin and
metalloproteinase family proteins 10 and 12 in psoria-
sis, and over-expression of proteins 10, 12 and 17 in
invading peripheral cells of basal cell carcinoma. As
the pathological processes involved in cholesteatoma
and psoriasis are similar in terms of dysregulated
inflammation and epidermal cell hyperproliferation,
proteins 10, 12 and 17 may also be involved in the
pathogenesis of cholesteatoma.
Consistent with this proposition, our study found

over-expression of proteins 10 and 17 in cholesteatoma
blood vessels, and of proteins 12 and 17 in cholestea-
toma stroma (i.e. fibroblasts), compared with normal
skin. However, we found no statistically significant
differences in the expression of proteins 10, 12 or 17
in cholesteatoma epidermal or inflammatory cells,
compared with normal skin. These findings suggest
that proteins 10, 12 and 17 are over-expressed in the
perimatrix region of cholesteatoma. The differing
expression patterns of these proteins within different
cholesteatoma cell types may indicate variation in
their pathogenetic role.
There is a lack of knowledge about the exact regu-

lation of disintegrin and metalloproteinase family pro-
teins, and how this may be related to cholesteatoma
pathogenesis. Increased expression of specific proteins
of this family in several cancer types has been found to
correlate with features of aggressive disease and poor
prognosis. Thus, these specific proteins have the poten-
tial to be used as biomarkers in order to determine cho-
lesteatoma aggressiveness or risk of recurrence.
Furthermore, selective inhibition of specific disinte-

grin and metalloproteinase family proteins has potential
as a novel therapy for a variety of pathological con-
ditions, such as cancer,5–7,32,33 rheumatoid arthritis34

and psoriasis.31 Over-expression of disintegrin and
metalloproteinase family proteins 10, 12 and 17 at
different sites within the cholesteatoma micro-environ-
ment may represent a hitherto missing link between

FIG. 3

Photomicrographs of immunostaining for disintegrin and metallo-
proteinase family protein 17, showing: (a) over-expression in cho-
lesteatoma, with marked staining of stromal cells and vascular

structures; and (b) control tissue. (×40)
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the normal physiological state and the complicated
pathological process which results in cholesteatoma
development.

• The disintegrin and metalloproteinase family
are part of the metalloproteinase
superfamily

• Other metalloproteinase superfamily
members are known to affect the
cholesteatoma process

• This study assessed expression of disintegrin
and metalloproteinase family proteins 10, 12
and 17 in cholesteatoma

• Results indicate that all these proteins may
play a role in cholesteatoma pathogenesis

There are more sensitive and quantitative analytical
methods (e.g. mass spectrometry) which can be
used to screen for proteins or markers of interest, in
preference to immunohistochemical staining. Our
study findings are limited by being semi-quantitative.
Even so, ours is the first study aiming to assess the
possible relationship between selected disintegrin
and metalloproteinase family proteins and cholestea-
toma. Further studies should be conducted to eluci-
date the exact role of these proteases in this specific
disease.
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