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BACKGROUND AND PURPOSES

The etiopathogenesis of stapes fixations is differene of
them still remained unclear. The etiopathogenetickbround of
otosclerosis is still controversial. Otosclerosisaibone remodelling
disorder of the human otic capsule that leads tmnesssive and
sensorineural heranig loss as a consequence oésstitplate
fixation and cochlear bone resorption with enddstealvement.

Pathological bone remodeling is characterized lyeiased
osteoclast activation and intensive osteolysisqiendtosclerotic foci.
Lesions of otosclerosis are exclusively localizedyadn the bony
parts of the otic capsule: footplate of the stapes| pericochlear-
and perilabyrinthine regions. The mechanical progerof the
movements of the stapes footplate are modifiedditga to
consequent conductive hearing loss. In the whitpufation, the
prevalence of clinical otosclerosis is 0.3-0.4% the general
population and 9-12% for thoseffewing from conductive hearing
loss. The main etiological factor of otosclerosistie persistent
measles virus infection of the otic capsule. Theca#ly, the
continuous presence of antigens derived from measfieus
stimulates the cellular immune response, eventubdbding to
inflammatory bone remodeling and consequent sensoain@earing
loss. Earlier studies have supposed the potewfialaf measles virus
infection in the pathogenesis of otosclerosis. Tiresence of
measles virus genome in otosclerotic stapes faetplavas
demonstrated by reverse transcriptase polymeraa@ aleaction
(RT-PCR). Virus-like particles have been recognizad the



osteoclasts and osteoblasts of otosclerotic foci by
electronmicroscopy. The measles virus, being a neend§ the
Paramyxovirus family, penetrates into human cellthree diferent
ways. The most effective infections are carried watthe SLAM
(signalling lymphocyte activating protein, CD150ceptor; less
effective infections are mediated via the CD46 reaefrteembrane
cofactor protein, MCP). Measles infections and Miransmission of
human cell lines without expression of any knownashes virus
receptors have been recently demonstrated. Thésetions were
described as having the lowest efficacy. The urritest measles
virus receptor-like molecule has been named as pReceX.
Immunohistochemical studies have shown very low resgion
levels of SLAM proteins on the cells of the humdit @apsule, in
contrast to the intensive expression of measlaswieceptor CD46.
These observations have supposed that the ceaflefatration of the
measles virus is mainly associated with the expessf CD46 in
the human otic capsule. CD46 protein has 14 wealtdeed
variants, which are alternatively spliced from thenscripted mRNA
of the CD46 gene. CD46 isoforms have been detenidtie surface
of all nucleated human cells in various expressievels and
patterns. However, specific functions have not batiributed to
isoform co-expression yet.

Grade | otosclerosis is featured by thickened astbded
stapes footplate with irregular, woven pattern efnent lines. The
focus of otosclerosis is basophilic, hypervascréatj and filled with

numerous multinucleated osteoclasts, hypercelffitapus stroma,



and plump, distorted osteoblasts. The otosclefeson shows the
"Swiss cheese” pattern due to the wide pseudovassphces, which
are Howship-type osteolytic lacunae. Grade Il dwssis is quite
similar, except that typical osteoclast-like, multtlear cells are
missing. The mosaic structure of cement lines amal marked
basophilia are retained. Grade Ill otosclerosisrapresented by
predominantly eosinophilic, woven bone containirogne lamellar
structure. Osteoclasts and osteoblasts are vanishsdular spaces
are eventually obliterated. End-stage or Gradetbsderosis means
a remodeled lamellar bone structure with hypocatlity and
avascularization. The compact bone shows intensénauhilic
staining. In some cases, there may be represemtatiall 4 stages,
and the wide pseudovascular spaces seem to bellacelh early
stages of otosclerosis, tumor necrosis factor (hNE-suspected to
be released from the foci. Tumor necrosis faot@oeuld flow into
the perilymph and can interfere with the electrdhitptof outer hair
cells, resulting in sensorineural hearing loss (ENHBecause TNF-
a is produced in the otosclerotic bone, the putasiverce of SNHL
in otosclerosis might be the TNFrelease. Increased expression of
TNF-a has been demonstrated in active otosclerosis,hwhery lead
to extensive osteoclast activation and bone resorptTumor
necrosis factorr is a proinflammatory cytokine that plays a role in
the osteolytic process and in the differentiatidnbone marrow-
derived mononuclear cells ostecytes to osteoctastgomal cells to
osteoblasts. Tumor necrosis factoris produced by activated

monocytes, macrophages, B cells, T cells, and olststs, and it is



an important paracrine mediator of the interceflidammunication
between osteoclasts and osteoblasts. Decreasedessixpr of
osteoprotegerin (OPG), also called TNFRSF11lb (TtiNBuper
Family Member 11b) has also been reported in acitesclerosis.
Osteoprotegerin blocks the osteoclast formation estéolysis and
induces the apoptosis of activated osteoclasts.mdia function of
OPG is to regulate normal bone turnover with batanosteoclast
and osteoblast functions. Osteoprotegerin actsdezay receptor: it
blocks the interaction of RANK (receptor activatdrnuclear factor
«B) with its ligand RANKL and thus inhibits osteostalevelopment
and activation. Tumor necrosis factorhas 2 main types of
receptors. Type | TNIe- receptor (TNFRI, member of TNF
superfamily 1) is generally expressed by all nuddahuman cells
and has greater broader spectrum of biologic infteeeffectiveness
than TNFRII. Type Il TNFa receptor (TNFRII, member of TNF
superfamily 1) is expressed by lymphocytes andgam presenting
cells and also by the osteoclasts and resting emhbrycells.
Increased expression of TNFRIlI is a potent indicabd acute
inflammatory reaction because it plays an importesie in the
recruitment of immune cells, activation of ostestda and
production of inflammatory cytokines (interleukir-1 1, IL-6,
transforming growth factop). After binding of TNF, Type | TNk
receptors form a homotrimer structure activating gilencer of
death domains, which binds the TNFR-associatedhddamain,
allowing 3 different ways of signal transductiorherfirst and most

important way is the activation of nuclear fact®-(nuclear factor-



k-lightchain-enhancer of activated B cells) systeActivated
heterodimers of nuclear facteB being nuclear transcription factors
stimulate the transcription of several antiapoptaind other genes
coding inflammatory proteins providing cell surdivaand
proliferation. The second way is the activatiomufogen-activated
protein kinases (MAPK) system. This signaling pss;ewhich is
associated with the activation and phosphorylatibseveral nuclear
transcription factors (c-Jun N-terminal kinases, 8-8APK,
extracellular signal-regulated kinases), c-Jun ixiieal kinases,
p38-MAPK, and extracellular signal-regulated kirasenscription
factors, which stimulate the expression of c-Feduie, c-Myc, and
activating transcription factor 2 proteins, leaditey intense cell
proliferation and survival. The third way of TNFRB$sociated
signalization is the death domain-mediated and asesjpssociated
induction of apoptosis. Tumor necrosis factor réoepssociated
death domains of TNFRI bind the Fas-associatinghdeimmain
containing protein, which recruit the cysteine piotcaspase 8
complexes. After reaching the critical concentmtioysteine protein
caspase 8 is activated by autoproteolysis, andatiséng caspase 8
stimulates the effector caspases, leading to apiomtell death.
Apoptosis is a special way of cell death, which is
functionally and morphologically different from mesis. In general,
apoptosis is characterized by nuclear chromatindeosation,
cytoplasmic shrinking, dilated endoplasmic reticnland blabbing
blebbing of the cellular membrane. Mitochondria a@m

morphologically unchanged. The 2 principal pathwafspoptosis



are 1; the Bcl-2 inhibitable or intrinsic pathwayduced by various
forms of stress-like intracellular damage, develeptal cues, and
external stimuli; and 2; the caspase 8/10 dependengxtrinsic
pathway initiated by the engagement of death recepThe caspase
8/10 dependent or extrinsic pathway is a deathptecenediated
mechanism that results in the activation of casBaaed caspase 10.
Activation of death receptors such as Fas/CD95, -tNeceptor
(TNFR) I, and TRAIL (TNF-related apoptosis inducirigiand)
receptor is promoted by the TNF family of ligandsluding Fas
ligand, TNFe, lymphotoxine. (TNF-8), lymphotoxinf, CD40
ligand, TNFe superfamily member 14, receptor activator of NB-
ligand, and TNFx superfamily member 13b. These ligands are
released as a cytotoxic response to viral infestionas part of the
cellular immunity responses during the stimulatimn survival of
CD8+ T lymphocytes (cytotoxic T lymphocyte [CTL]hé natural
killer (NK) cells. It was assumed that inflammatdxyne remodeling
disorder in otosclerosis might be characterized abydisturbed
balance of apoptosis inhibitor (hCIAP1/2) and ingluranzymed)
proteins due to increased expression of TiNEellular inhibitor of
apoptosis 1 (hCIAP1, baculoviral inhibitor of apogt repeat 2) and
2 (hCIAP2, baculoviral inhibitor of apoptosis rep8a are members
of a family of proteins that inhibits apoptosis binding to TNF
receptor-associated factors (TRAF1, TRAF2) and abbb by
interfering with activation of interleukin-1 convery enzyme
proteases. hCIAP1 inhibits apoptosis induced byrsedeprivation
of menadione, a potent inducer of free radicals.ctmtrast to



hCIAP1, hCIAP2 does not affect apoptosis inducedmgnadione
exposure. Granzymg- (granzyme 2, cytotoxic T-lymphocyte-
associated serine esterase 1) is a product of GIEL NK cells.
CD8+ T lymphocytes and NK cells share the remaskatiility to
recognize specific infected target cells. They thught to protect
their host by inducing apoptosis of infected cefisaring on their
surface ,nonself’ antigens, usually peptides ortgirs resulting
from viral infections. Granzym@-plays a crucial role in the rapid
induction of target cell apoptosis by CTL in celediated immune
response.

To review our current knowledge of the backgrowfg
otosclerosis including bone-remodelling disordpessistent measles
virus infection, autoimmunity, inflammation, gereethormonal and
enviromental factors and to discuss our aims fer ekperimental

work:

1. Detection of measles virus genome from otostitetssues, and
identification of the unique CD46 (measles viruscemtor)

expression pattern of the human otic capsule.

2. To study the variable and unique TNFRI/I expaspattern of

the human otic capsule.

3. To study the expression levels of apoptosisdadGranzymes)

and inhibitor (hCIAP1/2) proteins which play impamt role to the



regulation of disturbed balance beetween cell sahand apoptosis

in otosclerosis.

MATERIALSAND METHODS

According to our aims three experiments were dfartiee
experimental work based on the examination of sailyi removed

(stapedectomy) ankylotic stapes footplates:

1. A total of 51 (n=51; males n=17; females n=34; cl@®tic n=21;
nonotosclerotic n=30) surgically removed ankylatiapes footplates
were analyzed by histopatological and moleculalogical methods
respectively. Nucleic acids were extracted. Meagiass sequences
were detected by nucleoprotein RNA-specific revdraascriptase
polymerase chain reaction (RT-PCR). Alterativelyicga RNA of
CD46 isoforms was amplified by RT-PCR; cDNA amplmnevere
separated by poly-acrylamide gel electrophoresis aere purified
from the gel. Complementary DNA of CD46 isoformsswastricted
by endonuclease enzymes having CD46-specific retiogrsites.

Anti-measles IgG serum levels were measured by ELIS

2. Otosclerotic and non-otosclerotic ankylotic swpfootplates
(n=80; males n=29; females n=51, otosclerotic nsddiotosclerotic
n=40) were histologically analyzed: conventionalematoxylin-
eosin staining, and tumor necrosis faatoreceptor | and Il

(TNFRI/T) —specific immunofluorescent assay wasf@ened.



3. Ankylotic stapes footplates (n=40; males n=lamdles n=23;
otosclerotic n=27; nonotosclerotic n=9; negativatom n=4) were
histologically analyzed by conventional haemataxdosin staining,
and hCIAP1/2 (inhibitors of apoptosis) and Granzyfin@poptosis

inducer) specific immunofluorescet assays wereoperéd.

RESULTS

1. Detection of meades virus genome and restriction analysis of
CDA46 variants:

The presence of viral RNA was associated exclugiweth
the histopathological diagnosis of otosclerosis; dbkapes specimens
with negative measles virus belonged to nonotostiterstapes
fixations. All specimens (n=51) were characterizdy the
consecutive expression of five CD46 variants (cedf and one
shorter unidentified isoform). Histologically confied ostosclerotic
specimens (n=21) were characterized by increasprkgsion levels
of variant "f* and the unknown isoform. Anti-measl®gG levels
were significantly lower in the sera of patientsthwbtosclerosis
(median=6.9 IU/ml) in contrast to the virus négat

nonotosclerotic stapes fixations (median = 142 Iy/m
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2. TNFRI/II polymorphism:

Active otosclerosis (Grades I-ll; n=24) was featurey
increased expression of TNFRII and moderate exjpresd TNFRI;
inactive cases (Grades IlI-IV; n=16) were charazéer by
permanent expression of TNFRI; however, TNFRII-#ec
immunoreaction was absent. Nonotosclerotic stapescimens
showed a negligible TNFR expression. Tumor necrdaistor
receptor expression pattern showed a strong ctoelavith the

histologic activity of otosclerosis (Yates-corretjé test; p < 0.001).

3. Apoptosisinducer and inhibitor proteins:

Active otosclerosis (n=19) was featured by robust
expression of apoptosis inhibitor proteins hCIAP&Ml negligible
expression of Granzynig-Inactive cases of otosclerosis (n=8) were
characterized by inverse reaction: Granzyimewas highly
expressed; however, hCIAP1/2 specific immunoreastiovere
absent. Nonotosclerotic and normal stapes specirsbosed no
considerable little Granzymg-expression and moderate hCIAP1/2-
specific immunoreactions. Expression pattern of papsis-
associated proteins showed strong correlation with histologic
diagnosis and activity of otosclerosis (Yates-octad y° test, p <
0.001).
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DISCUSSION

Our results confirmed the presence of RNA of thestes
virus in the histologically diagnosed otosclerotimpes footplate
specimens. This feature was absolutely independemh the
histologic grade of otosclerotic bone remodelindne Tfailure to
detect RNA of the measles virus in the stapes fatdp was
associated with histologically nonotosclerotic s&ap fixation.
Ankylotic stapes footplates with negative measleéssvbelong to
degenerative disorders with non-otosclerotic higtbplogy. Chronic
and persistent measles virus replication in thedwotic capsule has
been identified as one of the main etiological dest of the
pathogenesis of otosclerosis. The continuous pcesef antigens
derived from the measles virus might result in an@ment
stimulation of the cellular immune response, legdio a constant
inflammatory reaction and cellular damage in thecesned bone
tissue; however, defective measles virus is un@btérectly destroy
the tissue. Immune stimuli mediated by antigenvatéid CD3 and
CD46 molecules are essential factors in differdiotiaand activation
of regulator T-helper 1 cells. These regulatorscplay an important
role in the elimination of autoreactive cytotoxicD8+ T cells.
Inactivation or insufficient differentiation of thiregulator T cell
population may decrease or deactivate the natwifltaderance,
leading to the appearance of different autoimmuiseages. The

unknown shorter CD46 splicing variant is presumathe of the
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newly described otosclerosis-associated isoforne presence of
these otosclerosis-specific CD46 variants on this o the human
otic capsule probably decreases the measles aativaD3 and
CD46 co-stimulation in the differentiation of regtdr T-helper 1
cells. These events are supposed to lead to thelagewent of an
autoimmune reaction against the otic capsule, whiigfnt result in
consequent sensorineural hearing loss. Restrietiatysis of CD46
splicing variants provided. interesting informatiabout the CD46
isoform co-expression pattern of otosclerotic- amoh-otosclerotic
stapes footplates. The consistent co-expressiderpadf the same
five CD46 isoforms, with various and histology-sifiecexpression
levels characterized otosclerotic- and non-otostierspecimens,
respectively. Variants “c”, “d”, “e”, “f" and one are unknown
shorter isoform were detected in each specimen.ik&nhon-
otosclerotic stapes fixation, relatively increasegression levels of
variant “f” and the uniderfiied variant characterized otosclerosis.
Exon 13 was missing from the mRNA of variant “f" eluo
alternative splicing. This exon encodes the maimt pH the
cytoplasmic domain of the CD46 receptor. This domas
responsible  for the intracellular  phosphorylase-iated
signalization after receptor activation. Lack ocbexL3 may produce
modified or pathological intracellular signalization. @bes of
intracellular signal transduction may determine sheceptibility for
persistent measles virus infection.

Present observations provide additional informafmmthe

inflammatory pathogenesis of otosclerosis and fer tmolecular
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background of the transition between different dpsthologic
stages. Overexpression of TNFRI and TNFRII in thdyestages of
otosclerosis induces an inflammatory osteolyticcads. Several
inflammatory cytokines (TNFk; IL-1, IL-2, IL-6, transforming
growth factorp) and bone-specific proteins (osteoprotegerin, bone
morphogenetic protein, dyastrophic dysplasia seilfatansporter)
may play a secondary promoting role in this proc€ke endpoint of
the increased bone turnover is apoptotic cell destth calcification
of the osteoid substance: burnout otosclerosis.t@®geturn to
previous and current results, different etiopatmegés of
otosclerosis and nonotosclerotic stapes fixationswoull be
distinguished. Otosclerotic bone remodeling disordghows
organotropism to the otic capsule. Foci of otosder are limited to
the temporal bone, and no lesions have been foutgide the ear.
Enchondral ossification develops in the otic capsad the stapes
footplate, and it is completed after 1 year. Onakified, the otic
capsule exhibits no significant remodeling. Intéregy, there is
very low-grade remodeling in these sites comparih @ther parts
of the skeleton. Bone turnover is almost complesddgent within the
bone adjacent to the perilymphatic space. Ostetiblasnd
osteoclastic activity, normally associated with &oturnover, is
rarely, if ever, seen in the adult otic capsuleisTdtic capsule is
formed by 3 bone layers such as the endosteal laget to the
perilymphatic space, the interosseal globules (glomerossei),
which are embryonic cartilage remnants, and théogteral layer.

The interosseal globules may be the sites of thigestotosclerotic
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foci. The stapes footplate consists of 2 layerghef otic capsule
because in this anatomic structure, the endosagal lis absolutely
absent. The hyaline cartilage layer of the vestibglurface of the
stapes footplate belongs to the middle layer ofdtie capsule and
can be assumed as an embryonic remnant. Ostecafadtssclerotic

bone lesions are featured by undifferentiated emiicyphenotype
(expression of CD51/61 antigen), in contrast withse observed in
nonotosclerotic stapes fixations. Osteoclasts smgwincommon
CD51/61 antigen expression may derive from thdarmrgstmbryonic

cells of globuli interossei, which cannot be idéet in the

otosclerotic bone. This cellular transformation Idoexplain the

absence of these structures observed in manifestletosis. The
chondrocyte-like cells forming globuli interosseavie a quite slow
metabolic activity and persist throughout life vaith considerable
morphologic changes. However, these cells shouldoosidered as
pluripotent embryonic remnants, which could be tigated and
transformed into osteoclasts due to inflammatogpoase induced
by measles virus infection. The current observatiogrgarding
TNFR expression in different stages of otoscleresid in hyaline
cartilage layer of each ankylotic stapes footplates/ suggest the
confirmation of these results.

Current investigations are parallel with the pregiy
reported disorders in the molecular interactiontlod osteoclast-
TNF-0-RANK axis. Increased expression of hCIAP1 and hR2A
apoptosis inhibitor proteins could be the moleculasponse to

intense TNFa release mediated by NK cells and osteoclastsriy ea
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stages of otosclerosis. Tumor necrosis faatacts through its decoy
receptors (TNFRI and TNFRII), activates the TNFRscatated
factors (TRAF1 and TRAF2), and induces apoptosi® da
activation of variable death domains. Inhibitorsapbptosis do not
interact with TNFe. or TNFR but associate with TRAF1 and
TRAF2. hCIAP1 and hCIAP2 can directly bind to TNERtivated
caspase 3 and caspase 7 and inhibit their proteohdtivities.
Overexpression of apoptosis inhibitors result ircréased cell
survival, proliferation, and extended os-teoclastivation. As to
previous results, average life span of an actiesaeérotic focus is
approximately 5 to 7 years. During this period, FNFand the
consecutive hCIAP response run down and result enrehsed
vascularization and moderate activity of osteoslashe amount of
the osteoid substance increases, and osteolytiond®c and
pseudovascular spaces are eventually obliteratetiivaded NK cells
and CD8+ cytotoxic T lymphocytes show further acatation in
the perivascular spaces of the otosclerotic focith wecreasing
activity. This stage is the histologic ,healing” aftosclerosis;
however, on the molecular level, a severe celldé&struction can be
considered due to granzyrfieand perforin release from immune
cells. The molecular cascade of immune-mediategtaps starts,
whereas increasing osteoprotegerin production lemdsfurther
calcification. The woven and concentric structufecement lines
turns into lamellar pattern with marked thickenifitne end point of
the increased bone turnover is an apoptotic cethtidewith

calcification and avascularization of the osteaitbstance: burnout
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otosclerosis. However, further in vitro examinatoand tissue
culturing will be necessary to confirm these obagons in the
future.

To date, surgery has become the principal theraptadal
to improve hearing loss in otosclerosis. Howeveasdad on the
autoimmune-inflammatory characteristics and theolwement of
bone metabolism in the pathogenesis of the disease,
pharmacotherapy that includes antiosteoporotic, wasll as
immunosuppressive, antiinflammatory agents may albe
considered at least in the early, active phasesasiclerosis. Current
observations may establish the central role of TNRBEnd its
receptors in the pathologic inflammatory bone reefiog in
otosclerosis. Because proinflammatory cytokinesluting TNFe,
is abundantly produced in the otosclerotic bonpictd or systemic
application of anti-TNF biologics may be a therapewption in
inflammatory active stages of otosclerosis with $NMHo date, there
has been 1 report regarding the effect of locdus@n of infliximab
on autoimmune SNHL. In this study, 9 patients, vdoald not be
tapered off corticosteroids or had relapse afterdiscontinuation of
corticosteroids, were treated for 4 weeks with &kie infusion of
infliximab. Hearing tresholds improved in most pats, and
corticosteroids could be tapered off after the auistviation of TNF
blocker. Altogether, 7 of 9 patients respondednftiximab therapy.
Short-term recombinant OPG (OPG-Fc) treatment caldd have a
powerful potent antiosteolytic effect, principalily early stages of

otosclerosis. There is a potential use of disrgp®RANK-mediated
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osteolysis and to preserve normal bone remodefingtdsclerosis
with inflammatory background. Regarding the modalatof bone
metabolism, bisphosphonates are potent strong italgbof bone
morphogenetic protein synthesis. There has beene solinical
evidence suggesting the efficacy of bisphosphori@atment in
early active stages of otosclerosis. For exampeokler and
Tanyeri demonstrated efficacy of etidronate in the treatmef
SNHL associated with otosclerosis. As to our curdemowledge
regarding the pathogenesis of otosclerosis, anf-&iologics may
have the most specific and powerful effect in tidibition of

otosclerotic bone remodeling disorder.
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