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IINNTTRROODDUUCCTTIIOONN

The unique feature of cholesteatoma is the
hyperproliferatiation of keratinizing squamous
epithelium. Excess keratin debris accumulates in
the middle ear and mastoid cavity, resulting in the
destruction of surrounding structures in the
temporal bone [1]. The bony changes associated
with cholesteatoma are primarily caused by the

OObbjjeeccttiivveess..  The unique feature of cholesteatoma is the hyperproliferation and accumulation of

keratin debris within the middle ear and mastoid cavity, a process that leads to destruction of the

surrounding structures in the temporal bone. The proliferation of keratin and the resulting bony

destruction in the cholesteatoma matrix are associated with apoptosis. FasL, when conjugated

with Fas, is known to trigger apoptosis. This study aimed to analyze the temporal bone patterns

in patients with cholesteatoma and the expression of FasL in the cholesteatoma matrix. 

MMeetthhooddss..  From July 1999 to July 2001, all patients with cholesteatoma who received ear

operations at the China Medical University Hospital were enrolled in this study. Surgical

specimens from all patients were shown histopathologically to have cholesteatoma. The

temporal bone patterns in these patients were reviewed by high resolution temporal bone

computed tomography. Immunoperoxidase stain with a monoclonal antibody to FasL evaluated

the expression of FasL in the cholesteatoma matrix. Postauricular skin, which was harvested

during the same surgical procedure served as the control.

RReessuullttss.. The temporal bone patterns in the patients were classified as blunted scutum (58%),

ossicular chain erosion (58%), erosion of tegmen mastoid-tympanicum (30%), erosion of the otic

capsule (25%) and marked sclerosis (50%). Expression of FasL was not detected in the

postauricular skin, cholesteatoma matrix or subepidermal granulation tissue.

CCoonncclluussiioonnss..  The temporal bone patterns in the patients with cholesteatoma included bony

destruction and new bone formation. No expression of FasL was detected in the cholesteatoma

matrix or subepidermal granulation tissue. This indicates that apoptosis in the cholesteatoma

matrix may not be through the FasL pathway. Therefore, the destruction of the temporal bone in

patients with cholesteatoma may not be associated with FasL.  ( Mid Taiwan J Med 2004;9:197-

202 )
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overproduction of keratin and cellular death of the
cholesteatoma epithelium [1,2]. The pattern of
differentiation and proliferation in cholesteatoma
epithelium is similar to the terminal
differentiation of programmed cellular death in
the squamous epithelium, and unlike the
uncontrolled pattern of cellular proliferation in
neoplasm [3,4]. Fas ligand (FasL) is an important
modulator in the process of apoptosis. Conjugated
with Fas, FasL is known to trigger apoptosis [5].

Few reports that describe the morphologic
changes of the temporal bone in cholesteatoma
have been published. High resolution temporal
bone computed tomography (HRTCT) should be
able to precisely demonstrate the extent of the
bone erosion associated with cholesteatoma [6].
The purposes of this study were to analyze the
temporal bone patterns in patients with
cholesteatoma and the expression of FasL in the
cholesteatoma matrix. 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS

We retrospectively reviewed all patients
with cholesteatoma who received ear operations
at the China Medical University Hospital from
July 1999 to July 2001. Excluding the recidivistic

cases, the temporal bone patterns of the patients
with cholesteatoma were reviewed and analyzed
by HRTCT. The specimens taken during surgery
were confirmed to be cholesteatoma by traditional
hematoxylin & eosin (H & E) staining. 

The immunohistochemical stain with
monoclonal antibody to FasL evaluated the
expression of FasL in the cholesteatoma 
matrix. This immunohistochemical staining was
performed by an immunoperoxidase method as
previously described [7]. After deactivation with
3% H2O2, the slide preparations were infiltrated
with FasL monoclonal antibodies (Transduction
Laboratories, Lexington, KY). The chromogen
was aminoethyl carbazole (AEC). The slide was
counterstained with hematoxylin. The presence of
crimson granules was proof of FasL monoclonal
antibodies. Postauricular skin taken during
surgery from the same postauricular wound
served as the control.   

RREESSUULLTTSS

A total of 56 patients with cholesteatoma
received ear surgery from July 1999 to July 2001
at our institution. The recidivistic cases and the
cases without preoperative HRTCT were

Fig. 1. The temporal bone patterns in patients with cholesteatoma by high resolution temporal bone computed tomography. A:
Normal middle ear and mastoid cavity, the sharp-angled scutum, intact tegmen mastoid-tympanicum and otic capsule. B: The
blunted scutum ( ). C: Erosion of ossicular chain ( ). D: Erosion of tegmen mastoid-tympanicum ( ). E: Erosion of otic
capsule (the lateral semicircular canal) ( ). F: Marked sclerotic change of mastoid ( ). 
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excluded; therefore, a total of 40 patients were
enrolled in this study (18 males, 22 females; age
range, 9 to 67 years; mean, 43 years). There were
21 right ears and 19 left ears.

The temporal bone patterns in these
diseased ears were retrospectively analyzed
(Table). Blunted scutum was found in 23 ears
(58%), ossicular chain erosion was found in 23
ears (58%), erosion over tegmen mastoid-
tympanicum was found in 12 ears (30%), erosion
of otic capsule was found in 10 ears (25%), and
sclerosis of temporal bone was found in 20 ears
(50%) (Figs. 1A-1F). 

Expression of FasL was evaluated by the
immunoperoxidase method. No expression of
FasL was detected in postauricular skin (control),
epithelium of cholesteatoma matrix (Fig. 2) or
subepithelial granulation tissue (Fig .3) from
patients with cholesteatoma.     

DDIISSCCUUSSSSIIOONN
Cholesteatomas are generally classified into

congenital and acquired types. The four basic
theories for the pathogenesis of acquired
cholesteatoma include invagination of pars
flaccida, basal cell hyperplasia, migration through
the perforated eardrum, and squamous metaplasia
of middle ear epithelium [1]. 

Bony destruction of the middle ear and the
otic capsule are common intraoperative findings
in patients with cholesteatoma. Destruction of the
ossicular chain, in particular erosion of the incus,
has been found in 80% of patients while
labyrinthine fistula, mostly in the lateral
semicircular canal, has been found in 10% of
patients with cholesteatoma [8]. HRTCT can

Fig. 2. Microscopic view of the epithelium of the cholesteatoma matrix and postauricular skin, from the basal layer ( ) to the
granular layer ( ). A: The epithelium of the cholesteatoma matrix and the accumulation of keratin layer by layer (H&E stain; 
100 ). B: The negative expression of FasL in the epithelium of the cholesteatoma matrix (FasL; 100 ). C: The negative
expression of FasL in the control group, the postauricular skin (FasL; 100 ).

Fig. 3. FasL was not expressed in subepithelial cholesteatoma tissue. A: Inflammation is noted in the subepithelial granulation
tissue, including lymphocyte infiltration and neovascularization (H & E stain; 400 ). B: FasL is not expressed in the subepithelial
granulation tissue of the cholesteatoma (FasL; 400 ). C: Positive expression of FasL in the tumor nests from a nasopharyngeal
cancer patient with skull base bony invasion (FasL; 200 ).

Temporal bone patterns n (%)

23 (58.0)
23 (58.0)
12 (30.0)
10 (25.0)
20 (50.0)

Table. Temporal bone patterns in patients with
cholesteatoma by high resolution temporal bone
computed tomography (N = 40 ears)

Blunted scutum
Erosion of ossicular chain
Erosion of tegmen mastoid-tympanicum
Erosion of otic capsule
Marked sclerosis of temporal bone
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precisely evaluate the bony changes that occur in
cholesteatoma [6]. In this study, we were able to
classify the morphologic changes of the temporal
bones as bony destruction and bony sclerosis.
Bony destruction was most common in the
scutum and the ossicular chains. One third of the
patients had erosion of the tegmen and a quarter
of them had erosion of the otic capsule. Marked
bony sclerosis was found in half of the patients;
this may have been caused by the formation of
new bone following bony destruction.  

Some researchers have proposed that bony
destruction is caused by the mechanical factors of
cholesteatoma. For example, the overproduction
and accumulation of the keratin debris in the
middle ear and mastoid cavity increase the
pressure in the middle ear and mastoid cavity,
which diminishes the blood supply to the middle
ear and mastoid cavity and causes bone resorption
[9]. Some humoral factors have been suggested to
play an important role in the pathogenesis of bony
destruction in cholesteatoma, such as endotoxins
produced by bacteria [10], epithelial growth
factors and their receptors [11,12] and 
tumor necrosis factor α [13] secreted by the
epithelial cells in cholesteatoma. Subepithelial
inflammation has frequently been found in
patients with cholesteatoma. These inflammatory
cells might produce protease, acid phosphatase,
osteoclast activating factors and collagenase,
which could resorb the surrounding bones [14]. 

Although hyperproliferation is the key
characteristic of cholesteatoma, the proliferation
of the cholesteatoma epithelium is less like the
uncontrolled spread of cancer cells and more like
the programmed cellular death and the terminal
differentiation of epithelial cells [3,4]. Apoptosis
is regulated by induction and inhibitory processes.
FasL, Fas and TNFα induce the activation of
apoptosis but the bcl-2 family will inhibit the
process of apoptosis [15]. 

FasL is structurally like the type II
transmembranous protein of TNFα with a
molecular weight of about 42kDa. It produces
lymphocyte-associated cytotoxicity by activating
T lymphocytes, especially CD8+ and Th1 CD4+ T
lymphocytes [5]. When FasL conjugates with Fas,

the FasL-Fas complex activates the Fas associated
death domain protein (FADD) and capsize. This
activation induces sequential changes which leads
to apoptosis [5,15,16]. Previous studies have
shown that the c-jun [17], p53 protein [17,18],
Bcl-xL protein [19] and Fas/APO-1 [20] are
involved in the apoptotic process in
cholesteatoma. In this study, no expression of
FasL was found in the epithelial cells or the
subepithelial inflammatory cells from
cholesteatoma specimens. 

A few studies have reported an association
between FasL and bony destruction. Fas was
expressed in human osteoblasts [21,22] and the
interaction between Fas and FasL was shown to
induce apoptosis in osteoblasts [5,16]. The
expression of FasL in some tumors with bony
destruction, such as multiple myeloma, correlated
with the course of multiple myeloma [23]. FasL
was found in patients with nasopharyngeal
carcinoma and marked skull base invasion (Fig.
3C) [24] and in neoplastic cells in patients with
breast cancer and bony metastasis [25].
Furthermore, FasL may induce apoptosis and
inactivation of osteoblasts, resulting in bony
resorption [21-23]. In this study, however, FasL
was not expressed in cholesteatoma. Therefore,
the regulation of apoptosis in cholesteatoma
epithelium may not be regulated by the FasL/Fas
pathway. Other apoptotic pathways such as the
bcl-2 may be responsible [15].      
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