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AN EXPERIMENTAL STUDY

Y
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From :
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ABSTRACT

The main target of the present
work is to study the ultrastructure and
expression of cytokeratin 13/
18{CK13/18) , as a marker of cell pro-
liferation, of tympanic membrane (TM)
of normal guinea pigs and after Eus-
tachian tube (ET) obstruction. The
present study was conducted on 24
healthy guinea pigs. The right ET na-
sopharyngeai orifice of all animals
was obstructed by electrocauteriza-
tion while the contraiateral left ear
served as controls. The animais were
classified into three equal groups ac-
cording tc the time intervai following
ET obstruction either after two, four or
eight weeks. The TMs of 12 animals
were stained immunohistochemically
for detection of CK13/16 and that oi
other 12 animals were subjected for
electron microscopic study. The re-
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sults showed that the pars tensa of
control group is formed of outer epi-
thelial layer, lamina propria and inner
mucosal layer. Obstruction of ET led
to inflammatory changes in the form
of hemorrhage and infilteration of the
subepithelial and submucosal layers
of the lamina propria with inflamma-
tory cells. After eight weeks of ET
obstruction, the epithelium showed
increase thickness and hyperprolifera-
tion as detected by increase the ex-
pression CK13/16 that was not re-
stricied to the basal cell layer but
found in many suprabasal layer. Also,
the dense network of collagen fibers
found in the normal TM was de-
stroyed with few fibers remaining.
From the present work it can be con-
cluded that the patency of ET is es-
sential for the integrity of TM. Also,
the increase of CK 13/16 pattern and
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350 ULTRASTRUCTURAL STUDY AND CYTOKERATIN etc...

the destruction of the dense collagen
network after ET obstruction may ex-
plain the retraction pocket cholestea-
toma theory.

INTRODUCTION

The external auditory canal (EAC)
is a special anatomic region, forming
a "cul- de— sac" with the thin tympanic
membrane (TM) separating the EAC
from the sterile environment of the
middle-ear (ME) cavity. The external
surface of the intact TM is covered
with keratinized stratified epithelium
which participates in preventing EAC
micro-organisms from reaching the
ME cavity (1). Also, it is well known
that the TM is a key element in the
transduction of air vibration (tone) into
mechanical movement of the ossicu-
lar chain (2). The mammalian TM has
two distinct parts; the larger pars ten-
sa (PT) and smaller pars flaccida
(PF). The PT is important for sound
conduction but the function of PF is
not clear (3). In guinea pigs the area
of the tympanic membrane above the
lateral process of the malleus is con-
sidered as being the pars flaccida and
is found to be very small and negligi-
ble . The remaining part of the TM is
considered as pars tensa that is
formed of two portions, inferior larger
and superior smaller (4)
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The main function of the ET is ventila-
tion of the tympanic cavity to equalize
the ME pressure with the atmospheric
pressure and cleansing of the tym-
panic cavity by clearance of the fluid
that has accumulated in the ME(5&6),
There is a growing interest in the rela-
tionship between impaired function of
the ET and various pathological con-
ditions of the middle ear as well as
the tympanic membrane. This rela-
tionship is well documented in otitis
media with effusion (OME) and in
many cases of chronic otitis media
(COM) and diseases related to the
TM such as the presence of keratiniz-
ing squamous epithelium in the mid-
dle ear (cholesteatoma) and tympa-
nosclerosis (7). Many investigators
have discussed the origin of choles-
teatoma. The epidermis of either the
external meatal wall or the TM has
been considered the most likely
source of cholesteatoma .The latter is
called retraction pocket cholesteato-
ma theory (8).

The main target of the present
work was to study the ultrastructure
and cytokeratin expression of tympan-
ic membrane of normal guinea pigs.
Also, to clarify the effect of ET ob-
struction, for various periods, on the
ultrastructure and on the cytokeratin
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expression of TM.

MATERIALS AND METHODS

The present study was conducted
on 24 healthy guinea pigs weighting
250-300 grams. All animals exhibited
healthy tympanic membrane and
clean external auditory meatus.

Obstruction of ET by electro caut-
erization (9) :

The right ET nasopharyngeal ori-
fice of all animals was cauterized
and the contra lateral left ears served
as controls. Under Phenobarbital
anesthesia and after fixing an earth
electrode to the animal shaved back,
an endoscope of 2.7 mm and 3C
degree was introduced through a
hole in the hard palate near the
caudal end to visualize the lateral
nasopharyngeal wall and to detect the
two lip like mucosal swellings of
nasopharyngeal opening in the lateral
nasopharyngeal wall. A thin isolated
electrode bared only at the tip was
introduced through the same opening
and cauterization of the ET nasopha-
ryngeal orifice was effected under
endoscopic vision. No antibiotics were
given postoperatively. The operated
animals were classified into three
groups (eight in each) according
to time intervals following the ET

obstruction two, four

weeks.

or eight

Immunohistochemical and ultra-
structural study : The animals were
anesthetized (two, four and eight
weeks after electro cauterization of
the ET) then were perfused through
the left ventricle first with saline and
then with a fixative contained 2%
parafoimaldehyde and 2.5% gluta-
raldehyde in 0.1 M phosphate buffer
(pH 7.4). The temporal bones were
removed and the tympanic mem-
branes together with the surrounding
bone were immersed in the same
fixative for 48 hours, decalcified in
0.1M EDTA (ethylene diamine tet-
raacetic acid) in 0.15 M sodium
phosphate buffer in a microwave
oven(10),

For immunohistochemical study:
after decalcification of the temporal
bones the TM of 12 animals (four in
each group) were dehydrated, em-
bedded in paraffin, sectioned (6 pm
thickness) on poly-L-lysine coated
slides and underwent haematoxylin
and eosin (H & E) staining(11) and
immunohistochemical study for cyto-
keratin 13/16 (K8.12) (Sigma Chemi-
cal Company, ST Louis, M.O) as fol-
lowing(12&13) : After dewanxing,
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endogenous peroxidase activity was
blocked by incubating in 0.3% H202
in methanol for 30 minutes .Prior to
incubation with keratin antibody, the
antigen was retrieved in a microwave
oven for 10 minutes. The sections
were incubated in 0.5% normal rabbit
serum for 20 minutes to reduce non-
specific binding of the antibody. Then
were incubated for one hour with pri-
mary antibody antikeratin 13/16 at di-
lution of 1:10 in phosphate buffer sa-
line (PBS). The secondary antibody
(antirabbit immunoglobulin) at dilution
1: 20 in PBS were used for one hour
and then apply peroxidase antiperoxi-
dase (PAP) for 20 minutes. The reac-
tion products in the sections were vis-
ualized with freshly prepared
chromogen (0.01% 3,3 - diaminoben-
zidine tetrahydrochloride) and were
counter stained with hematoxylin.
Substituting the primary monoclonal
antibody with PBS produced negative
control specimens. Also, sections with
known positive reaction for CK 13/16
monocional antibody (obtained from
Sigma Chemical Company) were
used in the same run as a positive
control.

Interpretation of the results :
Brown diffuse cytoplasmic stains were
seen in positive cases .
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Electron microcopic study :

The TM of other 12 animals (four
in each group)were postfixed in osmi-
um tetroxide, dehydrated, and em-
bedded in epoxy resin. For orientation
purpose semithin sections were
stained with toluidine blue. The ultra-
thin sections were cut and double

stained with uranyl acetate and lead

citrate and examined under electromi-
croscope(4).

RESULTS

Control group :

The pars tensa is formed of two
portions, inferior larger and superior
smaller. The two portions is com-
posed of outer epithelial layer (the ep-
idermis), the lamina propria subdivid-
ed into subepitheial layer composed
of loose connective tissue (CT), a
middle fibrous and very thin submuco-
sal CT layer and thin inner mucosal
layer (Figs.1&2 ). The epidermis (of
the two portions) was composed of
stratified epithelium formed of few
layers (three to four). The cells of the
epidermis, the keratinocytes, were
polyhedral, and separated by intercel-
lular spaces and were connected with
each other by many desmosomes.
The cytoplasm contained toncfilame-
nts and the nuclei of the cells were
rounded (Fig.3).The contact between
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the basal cell layer and the underlying
subepithelial layer of lamina propria
was secured by dermoepidermal junc-
tion that appeared rather smooth,
without the papillae usually seen in
the skin (Fig.4).

The middie fibrous layer of lamina
propria of the inferior portion consist-
ed of two layers of fibers bundles, out-
er radial and inner rounded (Fig. 5).In
superior portion of pars tensa the mid-
dle fibrous layer of lamina propria
consisted of several layers of fibers
ran in different directions (Fig.6).

After Eustachian tube obstruction:

Two weeks after ET obstruction:
The epidermis was not affected and
the lamina propria disclosed distend-
ed capillaries and infiltrated with in-
flammatory cells within the subepi-
thelial (Figs.7-9) and submucosal
connective tissue layer (Fig.10). The
collagen fibers of the middle fibrous
layer of both inferior (Fig.11) and su-
perior (Fig.12) portions of pars tensa
were not affected.

Four weeks after ET obstruction:
There was increase of the thickness
of the epidermis with thick keratin
(hyperkeratosis). The subepithelial
and the submuccsai CT layers con-

tained distended capillaries and infil-
trated with inflammatory cells
(Figs.13-15 ).The collagen fibers of
the middle fibrous layer of both inferi-
or(Figs.16) and superior(Fig17) por-
tions of pars tensa were decreased
mildly.

Eight weeks after ET obstruction:-
There was increase of the thickness
of the epidermis with papillary down
growth formation and decrease of the
thickness of the lamina propria
(Figs.18&19). The basal surface of
keratinocytes made projection inside
the lamina propria and the dermoepi-
dermal junction appeared irregular
(Fig.20). Some keratinocytes showed
degenerative changes in the form of
degenerative vacuoles and presence
of lysosomes (Fig.21). The subepithe-
lial and submucosal CT layer con-
tained dilated blood vessels and in-
flammatory cells (Figs. 18, 19 &22).
There was decrease of thickness of
the lamina propria (Fig.19) and de-
crease of collagen fibers and remnant
of collagen fibers were seen in the
middle fibrous layer of both inferior
(Fig.22) and supericr portions of pars
tensa (Fig 24).

Immunohistochemical result :
Control group: The CK 13/16 was

MANSOURA MEDICAL JOURNAL
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expressed in the basal epithelial cells
only (Fig.25).

Two weeks after ET obstruction
the expression of CK 13/16 was not
differ from that of control.

Four weeks after ET obstruction
the expression of CK 13/16 ex-
pression was not restricted to the ba-

sal layer and more than one layer
of the epidermis were stained
(Fig.26).

After eight weeks of ET obstruc-
tion CK 13/16 was not restricted to
the basal cells but several suprabasal
cells showed staining reaction (Figs
.27 &28).

(Fig. 1) : A photomicrograph of the
pars tensa of control group
showing the epidermis
(E),the lamina propria
formed of sub epithelial con-
nective tissue layer (S), mid-
dle fibrous (F) and very thin
sub mucosal (M)connective
tissue layer and inner muco-
sal layer (Arrows).(H&E
X100)

Val. 33, No. 3 & 4 July. & Oct, 2002

(Fig. 2) : A photomicrograph of semi
thin section of pars tensa of
control group showing the
epidermis (E), sub epithelial
connective tissue (S) and
middle fibrous layer (F).
(Toluidine blue stain X1000)




(Fig. 3) :

(Fig. 4) :
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Electron micrograph of pars
tensa of control group show-
ing the outer epithelium
(epidermis) consists of ke-
ratinocytes separated by in-
tercellular spaces (arrows)
and joined by desmosomes
(double arrows). The cyio-
plasm contain tonofilaments
(T) and the nuciei
(K).(X15500)

Electron micrograph of pars
tensa of control group show-
ing the region of contact be-
tween basal cells (BC) and
the sub epitheiial layer of
the lamina propria (asters)
is composed of ioose con-
nective tissue. The dermoe-
pidermal junction (arrows)
appear smooth .(X 15500)

(Fig.5):
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Electron micrograph of infer-
jor portion of the pars tensa
of control group. The middle
fibrous layer of the lamina
propria consists of outer fi-
ber bundles (OF) run radial-
ly and the inner (IF) is
rounded. (X15500)

(Fig. 6) :

Electron micrograph of su-

perior portion of the pars
tensa of control group. The
middle fibrous layer of the
lamina propria consists of
several layers of fiber
bundles run in different di-
rections. ( X15500)

MANSOURA MEDICAL JOURNAL
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(Fig.7) :

(Fig. 8) :
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i %) 3 z
A photomicrograph of pars
tensa two weeks after Eus-
tachian tube obstruction
showing the epidermis (E) ,
distended capillary ( C ) and
infiltration with inflammatory
cells ( arrows ) within the
sub epithelial connective tis-
sue layer.(H&E X400)

A photomicrograph of semi
thin section of pars tensa
two weeks after Eustachian
tube obstruction showing
the epidermis(E) , distended
capillary( C )and infiltration
with inflammatory cells
(arrows) within the sub epi-
thelial connective tissue
layer .(Toluidine blue
X1000)

Vol. 33, No. 3 & 4 July. & Oct, 2002

¥

(Fig. 9) : Electron micrograph of pars

tensa two weeks after ET
obstruction showing inflam-
matory cell (arrow) within
the sub epithelial CT layer.
Note the nucleus of inflam-
matory cell (N) and RBCs
(R) within the capillary .
(X8900)

(Fig. 10) DA photomicrbgrap‘h of pars

tensa two weeks after Eus-
tachian tube obstruction
showing distended capillary
(C ) and infiltration with in-
flammatory cells (arrows)
within the sub mucosal CT
layer.(H&E X400)



(Fig.‘1”1) g
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Electron micrograph of
inferior portion of pars tensa
two weeks after ET obstruc-
ticn. The middle fibrous
layer consists of outer radi-
al (OF) and inner rounded fi-
ber (IF) iayers.{ X21000;

{Fig. 12} : Electron micrograph of su-

perior portion of pars tensa
two weeks after ET obstruc-
ticn. The middie fibrous
laver consists cf several
layers of fiber bundles run in
different direction.(X15500)

(Fig. 13)ﬂ

{Fig. 1 4)%

e
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: A photomicrograph of pars
tensa four weeks after ET
obstruction showing in-
crease of the thickness of
the epidermis(E) with thick
keratin ( double arrows) and
presence of inflammatory
cells ( arrows) and distend-
ed capillaries (C ) in subepi-
thelial CT layer .( H&E
X400)

- A
: A photomicrograph of semi
thin section of pars tensa
four weeks after ET ob-
structicn showing increase
of the thickness of the epi-
dermis (E) with thick keratin
(K) and presence of inflam-
matory cells (arrows) and
distended ca |I|a|;¥ C) in
subepithelial C Iager
[(Toluidine blue X1000)
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(Fig. 15) : Electron micrograph of
pars tensa four weeks after
ET obstruction showing in-
flammatory cell (IC) and
RBC in capillary within the
sub epithelial CT layer.
(X15500)

(Fig. 16) : Electron micrograph of the
inferior portion of pars tensa
four weeks after ET obstruc-
tion. There is decrease of
the collagen fibers of middle
fibrous layer (X15500)

Vol. 33, No.3 &4 July. & Oct, 2002

(Fig. 17) : Electron micrograph of the

superior portion of pars ten-
sa four weeks after ET ob-
struction. There is decrease
of collagen fiber of the mid-
dle fibrous iayer.(X28500)

(Fig. 18) : A Photomicrograph of pars

tensa eight weeks after ET
obstruction showing i-crease
the thickness of the epider-
mis (E) with papillary down-
growth formation (doubie
arrows ) and inflammatory
cells (arrows) within the sub-
epithelial connective tissue
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L
(Fig.19) :

A photomicrograph of semi-
thin section of pars tensa
eight weeks after ET ob-
struction showm% increase
the thickness of the epider-
mis (E) with papillary down-
growth formation (double
arrows). The lamina propria
discloses inflammatory cells
(arrows) and dilated capil-
lary( C) . Note decrease of
the thickness of the lamina
%%%na. (Toluidine blue

(Fig. 20) : Electron micrograph of the

pars tensa eight weeks after
ET obstruction showing the
keratinocyte of the epider-
mis. There is projection of
its basal surface inside the
lamina propria (arrow) and
the dermoepidermal junction
appears irregular. The nu-
cleus of the keratinocyte (K).
(X15500)

=, g
(Fig.- 21) : Electron micrograph of

pars tensa eight weeks after
ET obstruction showing ker-
aticncyte with degenerative
changes in the form of in-
tracytoplasmic vacuoles (V)
and lysosomes (arrows).
(X8900)

(Fig. 22) : Electronmicrograph of pars

tensa eight weeks after ET
obstruction showing dilated
blood vessels contains
RBCS. (X8900)
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(Fig. 23)

(Fig. 24)

: Electron micrograph of in-
ferior portion of pars tensa
eight weeks after ET ob-
struction .There is marked
decrease of collagen fibers
and remnant of collagen fi-
bers (arrows) isseen. Note
degenerated cell
(D).(X21000)

: Electron micrograph of su-
perior portion of pars tensa
eight weeks after ET ob-
struction .There is marked
decrease of collagen fibers
and remnant of collagen fi-
bers (arrows) is seen.
(X21000)
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25) : Immunchistochemical

staining of pars tensa of
control group with monoclo-
nal antibody to cytokeratin
13/16 appears in the basal
cell layer of the epidermis
only (arrows).(PAP X1000)

26) : Immunohistechamical

staining of pars tensa four
weeks after ET obstruction
with monoclonal antibody to
cytokeratin 13/16 .More than
one layer of the epidermis
showing positive reaction
(arrows).(PAP X1000)
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(Figs. 27&28) : Immunohistochemical staining of pars tensa eight weeks after
ET obstruction. The cytokeratin 13/16 is not restricted to the basal
cell but several suprabasal cells (arrows ) showing reaction. (PAP

X400 &X1000)

DISCUSSION

In the present study the ultrastruc-
ture of the tympanic membrane of
normal guinea pig and after ET ob-
struction was studied. Almost all of
the tympanic membrane of the guinea
pig is composed of the pars tensa
while the pars flaccida is very small
and negligible (4) The pars tensa is
formed of outer epithelial layer (the
epidermis), the lamina propria and the
inner mucosal layer .The epidermis is
consisted of three to four layers only
and the cellular contact was esta-
tlished with many desmosomes. The

outer epithelial layer participates in
preventing EAC microorganisms from
reaching the middle ear cavity(14).In
this concept, Boe et al. (1999)(15) had
been proved that the surface epitheli-
um of TM produced potent antimicro-
bial peptide human B-defensin-1
(HBD-1). This HBD-1 participates in
the innate antimicrobial defense of the
EAC and middle ear cavity. In inferior
portion of pars tensa the middle fi-
brous layer of lamina propria consists
of collagen fibers arranged into two
layers the outer fiber bundles are radi-
al and inner are rounded. Narita et al.

MANSOURA MEDICAL JOURNAL
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(1989)(16) reported that the size of
the outer radial fibers is twice as thick
as that of the inner circular fibers in
the inferior larger portion of the guin-
ea pig tympanic membrane. They
also, observed that the TM resists
tension from a radial direction. It was
concluded that the outer fiber layer is
the main skeleton of the tympanic
membrane, at least at the inferior
larger portion of the pars tensa. In the
human tympanic membrane as well,
the outer radial fibers seem to play a
major structural role since this layer is

thicker than the inner circular layer
(3).

The ET provides ventilation and
clearance of the tympanic cavity and
is a mechanical, immunological and
biochemical barrier against ascending
infection!17).In the present study the
endoscopic method for achieving ET
obstruction was used to avoid the ef-
fect of cutting the palatal muscles by
the palate splitting incision used by
Hellstrom and Stenfors (1984)(18).
Therefore, it becomes possible to iso-
‘|late the effect of tubal obstruction per
se on the tympanic membrane. More-
over, this endoscopic method has the
advantage of avoiding the need to ful-
ly open the mouth all the time of the
operation and it saves the time need-

Vol. 33, No.3 & 4 July. & Oct, 2002

ed for cutting and stitching the palatal
incision in such small area. Clinically
the obstruction of ET may be either
functional or mechanical. Functional
obstruction could result from persis-
tent collapse of the ET because of in-
creased tubal compliance, and inade-
quate active opening mechanisms, or
both. Mechanical obstruction may be
the result of either intrinsic or extrinsic
factors. Intrinsic mechanical obstruc-
tion of ET may be caused by inflam-
mation and extrinsic mechanical ob-
struction may be the result of extrinsic
compression by nasopharyngeal tu-
mors or adenoids (19). The resuits of
the present work showed that two
weeks after ET obstruction there was
distended capillaries and infiltration of
inflammatory cells within the subepi-
thelial and submucosal connective tis-
sue layer of the lamina propria. Four
and eight weeks after ET obstruction
in addition to previous findings there
were increase of the thickness of both
the keratin and the epidermis. In this
context, Yamaguchi et al., (1990)(29)
found proliferation and dilatation of
blood vessels in the lamina propria
adjacent to the epithelial layer of the
pars tensa in otitis media with effu-
sion (OME) in patients with head and
neck tumors. Also, Berger (1996)(21)
found proliferation of dilated capillar-
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ies in the sub epithelial and sub mu-
cosal layers of the lamina propria of
the pars tensa in patients with acute
and secretory otitis media (AOM and
SOM). The author explained this ob-
servation due to engorgement of the
capillary bed secondary to inflamma-
tion. Also, the infiltration of polymor-
phonuclear leucocytes in AOM and of
mononuclear cells in SOM could be
attributed to the presence of inflam-
matory mediators, including chemo-
tactic factor in the exudates that at-
tract leucocytes to the site of
inflammation(zz).

The relationship between impaired
function of ET and OME and chronic
otitis media has been well document-
ed. ET obstruction has been consid-
ered the most important single etio-
logic factor of OME for some time
now. However, there has been no
conclusion evidence that tubal dys-
function is a primary endogenous fac-
tor or only a secondary effect of an in-
fection(23). Also, ET obstruction may
result in persistent high negative ME
pressure. If ME pressure equilibration
does not occur, persistent £T obstruc-
tion could result in a sterile OME. if a
large bolus of air enters the ME from
the nasopharynx when there is high
negative ME pressure, nasopharyn-

geal secretions could be aspirated
into the ME and result in-an acute
bacterial otitis media(24). Two weeks
after ET obstruction the middle fibrous
layer remained relatively intact. Four
weeks after ET obstruction the middle
fibrous layer of the lamina propria was
mild affected. However, eight weeks
after ET obstruction there was de-
struction of the fibrous layer architec-
ture and the dense network of collag-
en fibers found in a normal TM was
destroyed with few fibers remained.
This can be explained as ET obstruc-
tion can predispose to OME and led
to impairment of gas diffusion mecha-
nism in the middle ear cavity resulting
in sustenance of the negative pres-
sure. So, over a period time the in-
flammatory process resulted in de-
struction of collagen fibers in the
lamina propria and weakening of the
tympanic membrane(25), Also, ET ob-
struction led to lack of ventilation and
produced a vacuum within the tym-
panic cleft that was followed by mid-
dle ear effusions. It has been shown
that these effusions have high con-
centration of proteinase, especially
collagenase. The prolonged approxi-
mation of these enzymes with that as-
pect of the TM may cause the de-
struction in the collagenous layer of
the TM and resultant weakening in

MANSOURA MEDICAL JOURNAL
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that part of the TM(26), Atrophy of TM

may be found in children suffering-

from long-lasting secretory otitis me-
dia or chronic tubal dysfunction. In
this case there was atrophy of TM
showed a thin lamina propria contain-
ing just a few fibers or non at all and
in severe cases, the lamina propria
may be completely lacking. It seemed
that a long standing negative middie
ear pressure was required to induce
atrophy and disappearance of the fi-
brous layer, and probably inflamma-

tion per se did not influence its integri-
ty (20),

In the current work the pattern of
cytokeratin (CK) expression in normal
TM and after ET obstruction was
studied. Cytokeratins are known as
the intermediate filament proteins of
an epithelial origin (27). CK have a
number of distinct advantages as
marker proteins. Keratin polypeptides
are the product of different genes and
are expressed in different cells at dif-
ferent stages of development and dif-
ferentiation. Therefore, CK are suita-
ble and specific markers for studies
on the classification of epithelial cell
types and are useful markers for the
identification of epithelial neoplasm
(28) . conveniently in this work a rep-
resentative CK 13/16 as a marker of

Vol. 33, No.3 &4 July. & Oct, 2002

cell proliferation was used. The meth-
od of antigen retrieval based on mi-
crowave heating demonstrated relia-
ble results on paraffin-embedded
tissues (12). The immunohistochemi-
cal findings demonstrated that CK 13/
16 was normally expressed in basal
epithelial cells. Two weeks after ET
obstruction the pattern of CK expres-
sion appeared as control. Four weeks
after ET obstruction the pattern of CK
expression was not restricted to the
basal layers and more than one layer
of the epidermis were stained. Eight
weeks after ET obstruction the CK ex-
pression was not restricted to the ba-
sal cells but many suprabasal cells
showed CK expression. These find-
ings suggested that ET obstruction
especially for long period could lead
to hyperproliferation of the epithelium
of the TM. In this filed Kin et al.,
(2001) (29) had been proved that the
pattern of cytokeratin was increased
in epithelial neoplasm, cholesteatoma
and other proliferative epithelial disor-
ders. The authors found that in kerat-
inocytes from cholesteatorna of tym-
panic membrane, CK 13/16 were over
expressed compared with control
specimen, indicating hyperprolifera-
tion.

From this work it can be concluded
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that the patency of ET is essential for
the integrity of TM. The obstruction of
ET leads to inflammatory changes in
the form of hemorrhage and infiltra-
tion of the lamina propria with inflam-
matory cells. When the obstruction
was prolonged the epithelia showed
increased thickness and hyperprolifer-

ation and the dense network of collag-

en fibers found in a normal TM was
destroyed with few fibers remaining.

Also, the increase of CK 13/16
pattern and the destruction of the
dense collagen network after ET ob-
struction, especially after long peri-
ods, may explain the retraction pocket
cholesteatoma theory which states
that the epidermis of the TM can be
considered the most likely source of
cholesteatoma.
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