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The purpose of this study was to evaluate the clinical and genetic findings of 53-year-old
monozygotic twins who had bilateral otosclerosis and right-sided superior semicircular canal
near dehiscence (SSCND). Monozygotic twins at the age of 53 presented with conductive
hearing loss and normal tympanic membranes. Detailed audiovestibular testing and computed
tomography scan revealed that both patients had concurrent otosclerosis and SSCND. Con-
servative management (hearing aids) was the treatment for these patients. Exome sequencing
(ES) for the twins and their affected mother identified a heterozygous missense variant in the
EYA4 (c.1744G>A; p.Glu582Lys) gene. This is the first case report to present these separate
entities identified in monozygotic twins with a heterozygous missense variant in the EYA4
gene. Our ES data may imply a possible causal relationship or association between variants in
the EYA4 gene and concurrent otosclerosis and SSCND. J Audiol Otol 2022;26(2):97-102
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Introduction

Patients with concomitant otosclerosis and superior semi-
circular canal dehiscence (SSCD) have been rarely described
in the literature. There is no known genetic or biological link
between these two disorders. When the causes of failure in
hearing gain after stapes surgery in patients with otosclerosis
were first investigated, the presence of accompanying SSCD
was revealed in some cases [1]. In cases where otosclerosis
and SSCD occur concurrently, clinical findings resemble those
found in otosclerosis (normal otoscopy, progressive conduc-
tive hearing loss [CHL], and absence of acoustic reflex). More
importantly, there was no evidence of the third window (bone-
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conduction hyperacusis, autophony, or sound- or pressure-in-
duced vertigo). The reason behind this is that one of the three
windows in SSCD is closed due to otosclerosis. Also in the liter-
ature patients with superior semicircular canal near dehiscence
(SSCND) had similar symptoms with frank dehiscence [2].

This case report aims to propose a genetic defect for both
otosclerosis and SSCND in the light of the molecular analysis
of affected monozygotic twins. The coexistence of otosclero-
sis and SSCND has not been shown to have a genetic etiology
so far. We saw both phenotypes in monozygotic twins and their
affected mother and were able to identify a possible genetic
variant that may have contribute the development of these
diseases.

Case Report

Two monozygotic twin male patients, at the age of 53, were
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admitted to our inpatient service with a long-standing and ~ Both of them had hyperacusis. Neither patients had vertigo
gradually increasing hearing loss complaint. Both patients had ~ nor any history of trauma. Their mother had a very similar
bilateral progressive hearing loss and bilateral pulsatile tinni-  course but she was not available for clinical evaluation.

tus. Twin 1 had autophonia but was not present in the twin 2. Otoscopic examinations of both patients were completely
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Fig. 1. The audiograms of the twins and their mother’s.
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normal, and their audiograms showed mild to moderate CHL
greater for low frequencies in both sides (Fig. 1). Table 1 sum-
marizes the diagnostic studies.

The computed tomography (CT) scan of the twins revealed
bilateral otosclerosis and right-sided SSCND (Fig. 2). Diag-
nosis of otosclerosis is based on CHL, absence of acoustic
reflex, unresponsiveness to air-conduction cervical vestibular
evoked myogenic potential (c-VEMP), and fenestral otoscle-
rosis in one of the patients and suspected otosclerosis in an-
other one in the CT scan.

Middle ear exploration and stapes surgery, when necessary,
and hearing aid were offered as alternatives. In addition, the
patients were informed of the fact that SSCND findings might
become evident after stapedotomy. Because the operation may
uncover a third window. Both patients preferred amplification.

Exome sequencing (ES) was performed on all three affect-
ed individuals (twins and mother) (Fig. 3) using standard se-
quencing and variant prioritization workflow that has been
previously published (Supplementary Table 1 in the online-
only Data Supplement). We identified a heterozygous mis-
sense variant (NM_172105.3; ¢.1744G>A [p.Glu582Lys]) in
the eyes absent 4 (EYA4) gene (Fig. 3A). The affected glu-
tamic acid residue is within the Eya-homologous region (Eya-
HR) domain and highly-conserved throughout species (Fig.
3B). The variant is absent from the public variant databases,
including gnomAD, ExAC, ARIC, and ESP [3-6]. Bioinfor-
matic analyses were used to predict potential variant effects

Table 1. Diagnostic studies of the patients
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on protein function (SIFT, PolyPhen2, MutationTaster, Phy-
lop, CADD). Validation and segregation studies are performed
using Sanger sequencing (Fig. 3A).

This study has been conducted in accordance with the Hel-
sinki Declaration of Principles. Written informed consent forms
were obtained from the twins and their mothers.

Discussion

Although the coexistence of otosclerosis and SSCD or SS-
CND findings is rarely seen in the literature, it has been re-
ported that the underlying pathogeneses are different and it is
coincidental that they are found simultaneously in the same
patient [7,8]. The prevalence of concomitant otosclerosis and
SSCD findings has been reported to be 6 to 8 per 100,000 [8].
It is known that there may be congenital or acquired causes in
the development of SSCD, but congenital causes are promi-
nent, and familial cases of SSCD syndrome have been report-
ed [9]. It has been shown that SSCND may have the same
effect as the frank dehiscence observed. Environmental and
patient-specific factors such as estrogen exposure and viral
infection play a minor role in the pathogenesis of otosclerosis,
but genetic factors likely play the biggest role [10]. Otosclero-
sis is considered a complex disease with rare autosomal domi-
nant forms caused by a single gene. TGF-B1 pathway is prob-
ably an important factor in the pathogenesis of otosclerosis
[10]. Therefore, identifying these diseases together in mono-

Twin 1 Twin 2

Weber

Rinne (512 Hz)

Tullio phenomenon -

Hennebert's sign -

Averaged air conducted and bone conducted
thresholds (0.5, 1, 2 and 4 kHz)

Speech reception threshold/word recognition
score

Acoustic reflex

Timpanogram Type A

VNG (saccade, smooth pursuit, optokinetic, Normal
gaze positional, spontaneous nystagmus, etc)
and caloric test

Air-conduction c-VEMP (500 Hz tone burst)

Bone-conduction oVEMP (500 Hz tone burst)

Transient otoacoustic emission No response

Lateralized to the left

Bilaterally negative

R:38/7 dB, L: 52/15 dB

R: 35 dB, L: 50 dB/R: 96%, L: 96%

Bilaterally absent

Bilaterally absent

Midline
Bilaterally negative

R: 40/20 dB, L: 53/23 dB
R: 40 dB, L: 55 dB/R: 88%, L: 88%
Bilaterally absent

Type A
Normal

Bilaterally absent

Higher amplitude and lower threshold Higher amplitude and lower threshold
on the right side (50 dB nHL),
no response on the left side

on the right side (50 dB nHL),
no response on the left side
No response

R, right ear; Left, left ear; VNG, videonystagmography; c-VEMP, cervical vestibular evoked myogenic potential; o-VEMP, ocular

vestibular evoked myogenic potential
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Fig. 2. Temporal bone CT images for the twins. A: Twin 1. White arrows point out the near dehiscence of the superior semicircular canal
on the right side (Stenvers view) and possible foci of fenestral otosclerosis on the right and left sides (axial views). B: Twin 2. White ar-
rows point out the near dehiscence of the superior semicircular canal on the right side (Stenvers view) and possible foci of fenestral
otosclerosis on the right and left sides (axial views).

zygotic twins, as in this case-report, may be important for the
literature.

The coexistence of SSCND and otosclerosis makes it dif-
ficult to interpret the clinical and audiological findings. Hope
and Fagan [7] reported that SSCD had been detected after se-
quential stapes surgeries in CT and VEMP examinations of the
patient whose air-bone gap improved to 10 dB as opposed to
his mildly affected balance and tinnitus. The simultaneous oc-
currence of otosclerosis and SSCD syndrome can mask the
findings of SSCD syndrome. This was explained by the fact
that the three windows, which normally occur with the pres-
ence of SSCD syndrome, fall into two windows due to the
presence of otosclerosis. Therefore, Hennebert’s sign and Tul-
lio phenomenon, acoustic reflex, and air-conduction (AC)
VEMP findings observed in SSCD syndrome are not seen in
these patients. Auditory symptoms were prominent and ves-
tibular symptoms were less severe in our patients. Hennebert’s
sign and Tulio phenomenon, acoustic reflex, and AC VEMP
findings were not observed. However, high amplitude and low
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threshold in bone-conduction ocular vestibular evoked myo-
genic potential (BC-oVEMP) were found to be compatible
with SSCD. Thus, the twins had radiographic SSCND with
vestibular testing supporting as indicated by higher thresholds
on BC-oVEMP testing. They presented with symptoms of
otosclerosis. If CT is not performed routinely in patients with
CHL, SSCD or SSCND go unnoticed, which leads the patients
to be diagnosed with otosclerosis only. Therefore, we obtain
CT for all patients who have CHL or been diagnosed with oto-
sclerosis based on clinical history and audiological findings
in our department. But it should be noted that the quality of
CT scan, variability of imaging protocols and interpretations
lead to limitations in the SSCD diagnosis. Therefore it should
be evaluated together with specific symptoms to the disease
or VEMP tests.

One may question the certainty of diagnosis of otosclerosis
based on clinical and audiologic findings only instead of intra-
operative confirmation in our cases. In the literature, diagno-
sis of otosclerosis is usually made clinically according to the
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Fig. 3. Molecular genetic studies in the family. A: Sanger validation and segregation of the identified variant monoallelic inherited het-
erozygous EYA4 (NM_172105.3); c.1744G>A; p.E582K (6-133846158-G-A). B: Evolutionary conservation of the altered amino acid
residue at position 582 (E). Our position is highlighted with a vertical rectangle. Each letter denotes a specific amino acid. Species
throughout the evolution are on the left column. C: Depiction of the domains of EYA4 protein. Each domain is represented with a differ-
ent color horizontal bar. The position of our variant is shown with an arrow. D: Interacting proteins for EYA4 (STRING Interaction Net-
work Preview). Note the very close interaction between EYA1 and EYA4. Eya-VR, Eya-variable region; Eya-HR, Eya-homologous region.

history of the patient, physical examination, and audiometric
evaluation (conductive or mixed type hearing loss, absence of
acoustic reflex, and normal otoscopy). Radiological evaluation
is not required for the diagnosis, but it confirms the diagnosis
of otosclerosis. It is particularly useful in determining SSCD
or SSCND in a patient with third window symptoms. How-
ever, a normal CT scan does not exclude otosclerosis [11].

In a case report published in 2012, otosclerotic foci of vari-
ous sizes were found in the postmortem temporal bone. One of
the foci was seen in the superior semicircular canal (SSC) [12].

Our case also suggests that site of near dehiscense in the
SSC may be another otosclerotic focus.

Family-based ES revealed a heterozygous missense variant
in the EYA4 gene. Variants in the EYA4 gene cause deafness,
autosomal dominant 10 (DFNA10) (MIM: #601316). EYA4

encodes a 639-amino acid protein containing a highly con-
served C-terminal domain of 271 amino acids, which has been
designated the Eya-HR domain (Fig. 3C). In Drosophila, eya
is known to mediate developmentally important protein-pro-
tein interactions. In the developing mouse embryo, Eya4 was
expressed primarily in the craniofacial mesenchyme, the der-
mamyotome, and the limb [13]. Another member of the EYA
family, EYA1, a paralog and close interactor of EYA4, has a
role in the development of ear structures, and mutations in this
gene cause Branchiootic syndrome 1 (MIM #602588) (Fig.
3D) as well as other disorders causing craniofacial anomalies.
Depreux, et al. [14] showed that Eya4 expressed in mouse
developing SSCs and cochlea along with a strong expression
in the middle ear—forming region and surrounding the first
branchial pouch, from which eustachian tube structures were
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derived. Also Gana, et al. [15] reported that EYA4 is a good
candidate for otofaciocervical syndrome (OTFCS) according
to its pattern of expression, its sequence similarity to EYA1,
and its involvement in Pax-Six-Eya-Dach network (PSEDN).
Given the E£YA4 gene’s role in the development of SSC and
cochlea (mouse data), and dysfunction of close interacting
gene’s, EYAI, causing otofacial anomalies, we draw attention
to possible relationship or association between heterozygous
missense variant in £YA4 gene and concurrent otosclerosis
and SSCND.

The coexistence of otosclerosis and SSCND syndrome is
rarely observed. Differential diagnosis of otosclerosis and SSCD
syndrome is possible with clinical and audiologic findings and
thin-slice temporal CT. This case report is the first to show
two separate entities observed together in monozygotic twins
who had a heterozygous missense variant in the £YA4 gene.
To the best of our knowledge, the EYA4 gene has not yet been
associated with either otosclerosis or SSCND syndrome. ES
data may imply possible causal association between variants
in £YA4 gene and concurrent otosclerosis and SSCD. Recent
studies further support our findings as well. Exome/genome
sequencing of other cases who are diagnosed with the coex-
istence of otosclerosis and SSCND will provide further evi-
dence and confirmation in order to enlighten the etiology of
this association.

Supplementary Materials
The online-only Data Supplement is available with this ar-
ticle at https://doi.org/10.7874/ja0.2021.00381.
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