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● ABSTRACT TITLE:

Enrichment of Rare Missense Variants in Patients with Meniere Disease with Severe Tinnitus.

● A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Background: Tinnitus is the perception of noise in the absence of an external acoustic
stimulation. Hearing loss is the main risk factor to develop tinnitus, however it is also associated
with other conditions such as hyperacusis, anxiety, depression, hypertension, insomnia or
migraine. Meniere Disease (MD) is an inner ear disorder that is characterised by episodic vertigo

and associated with sensorineural hearing loss (SNHL), tinnitus and/or aural fullness. Although
vertigo attacks are considered as the main symptom in the first years of the disease, persistent
tinnitus is described as the most troublesome symptom by many MD patients.
Methods: Patients with MD were ranked according to the Tinnitus Handicap Inventory (THI)
score. Whole Exome Sequencing (WES) was performed on 164 individuals: 78 patients with MD
and high THI score (THI>66, 4th quartile of total distribution) considered as case group with
severe tinnitus, and 86 MD patients with low THI (THI≤24, 1st quartile) used as internal control
(no or mild tinnitus). A gene burden analysis was done filtering missense variants by a Minor
Allele Frequency < 0.05 and using gnomAD (non-Finish European - NFE - and global) and CSVS
(Spanish) databases as reference populations. Genes expressed in the mammalian inner ear
were retrieved for further analyses.
Results: An significant enrichment of rare missense variants was found in 77 genes. (FDR<0.05)
when comparing with NFE, global and Spanish population; this burden of missense variants was
not found in patients with low THI score. Two of these genes have been previously associated
with SNHL: PDZD7 (OR=10.29[4.21-25.17], FDR=3.23E-3) and MYH9 (OR=75.74[26.02-220.44],
FDR=2.03E-15). PDZD7 is expressed in the ankle-links of the stereocilia of cochlear hair cells in
mice and in several areas of the brain in humans. PDZD7 is related to deafness and Usher
Syndrome. MYH9 is expressed in both hair and non-sensory cells in cochlea and vestibule and it
is related with deafness autosomal dominant 17.
Conclusions: A burden of rare missense variants in PDZD7 and MYH9 is related with severe
tinnitus in MD patients. Rare variation on coding regions in PDZD7 and MYH9 genes may show
pleiotropic effects on the development of SNHL and tinnitus. Further studies including
segregation analysis are needed to confirm the role of these variants in tinnitus.
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 ABSTRACT TITLE:

Rare missense variants and frameshift deletions in TECTA gene in familial Meniere disease

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Meniere disease (MD) is a rare inner ear disease defined by episodes of vertigo associated with SNHL initially
affecting low- to medium frequencies, tinnitus, and aural fullness. Although most of MD patients are diagnosed as
sporadic patients, familial aggregation is reported in 9-10% of these patients showing, mostly, an autosomal
dominant inheritance pattern with incomplete penetrance. Nevertheless, recessive and digenic inheritance patterns
have been recently proposed involving rare variants in OTOG and MYO7A genes.
The tectorial membrane (TM) is an extracellular matrix localized over the Organ of Corti. This membrane, composed
of a mixture of collagenous and noncollagenous proteins, plays a critical role in the process of hearing mediating the
mechanical stimulation of cochlear hair cells. Thus, variants in these noncollagenous proteins of the TM, namely
otogelin (OTOG), otogelin-like (OTOGL), α-tectorin (TECTA), β-tectorin (TECTB) and the carcinoembryonic antigen cell
adhesion molecule 16 (CEACAM16), may result in different types of autosomal dominant or autosomal recessive
hearing loss in humans. In this study we identified 5 rare variants and deletions in the TECTA gene in 4 multicase
Meniere disease families and 2 families with Meniere disease and partial syndromes by exome sequencing.

We performed bioinformatic analyses in 99 individuals (from 77 families with MD) where TECTA gene was
highlighted as candidate for 4 multicase MD families carrying rare missense heterozygous variants (F1 – F3) and a
short deletion (F4) in this gene (Table 1). Variants in this gene were also found in two additional families with one
MD patient and relatives with partial syndromes carrying a missense heterozygous variant (F5) and a short deletion
(F6). The three variants in the 4 multicase MD families were found clustered in the zonadhesin-like region. On the
other hand, the two variants observed in the two families with partial syndromes were found close to the zona
pellucida (Figure 1). We suggest that these deletions and missense variants in the TECTA gene could alter the TM
mechanics involved in the sound-evoked motion of stereocilia in familial MD.
Location
11:121158016T>C
11:121152980G>C
11:121157956AC>A
11:121165368C>T
11:121189864GC>C

Protein change
p.Val1494Ala
p.Cys1402Ser
p.Asn1474LysfsTer91
p.Pro1790Ser
p.Gly2118ProfsTer22

Info
Missense
Missense
Deletion
Missense
Deletion

MD family
F1 & F2
F3
F4
F5
F6

MAF NFE
8.8x10-5
1.5x10-5
Novel
Novel
Novel

ACMG
LP
VUS
LP
VUS
LP

Table 1: Candidate variants in TECTA gene in 4 multicase MD families and 2 additional families with one MD patient and partial syndromes.
MAF: Minor Allele Frequency; NFE: Non-Finish European population. LP: Likely Pathogenic; VUS: Variant of Unknown Significance.

Figure 2: Variants distribution across the TECTA gene sequence in the studied FMD cohort.
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 ABSTRACT TITLE:

KCNQ4 plays an essential role in protecting vestibular function against excessive rotational and gravity
stimulation

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
KCNQ4 is a voltage-gated K+ channel distributed over the synaptic calyx and heminode of the vestibular
nerve of type 1 vestibular hair cells of the inner ear. However, little is known about the vestibular
phenotypes of KCNQ4 dysfunction or the definite role of KCNQ4 in vestibular organs. This study was
conducted to identify the role of KCNQ4 in the vestibule by investigating the vestibular function and
histological and molecular changes in vestibular sensory epithelium in p.W276S/p.W276S Kcnq4 transgenic
mice after the application of 6G hypergravity stimulation for 24 hours, which represents excessive
mechanical stimulation of the sensory epithelium. We also investigated the vestibular phenotype of human
KCNQ4 mutations. Baseline vestibular function measured by the vestibulo-ocular reflex in Kcnq4+/+,
Kcnq4+/p.W276S and Kcnq4p.W276S/p.W276S mice was normal. It was significantly decreased after
hypergravity stimulation. In particular, the vestibular function decrease was more severe in the
Kcnq4p.W276S/p.W276S mice than in the Kcnq4+/+ and Kcnq4+/p.W276S mice. Hair cell loss in the sensory
epithelium was more significant in the Kcnq4p.W276S/p.W276S mice than in the Kcnq4+/+ and
Kcnq4+/p.W276S mice. Hair cells in the sensory epithelium of the Kcnq4p.W276S/p.W276S mice showed a
significantly increased depolarization duration compared with those in the mice with other genotypes.
Retigabine, a KCNQ activator, prevented hypergravity-induced vestibular dysfunction and hair cell loss. Most

patients (72.7%) with KCNQ4 mutations showed abnormal findings in clinical vestibular function tests. These
findings suggest that KCNQ4 plays an essential role in protecting vestibular hair cells against excessive
mechanical stimulation by contributing to the regulation of hair cell repolarization.
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 ABSTRACT TITLE:

What induces endolymph formation in the developing inner ear: RNAseq-based functional study

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Purpose: Endolymph is formed from E14.5 of developing murine inner ear. Although it was suggested that osmotic
gradient created by changes of ionic composition plays a role in the endolymph formation, nothing has been known
about the molecular mechanism of endolymph formation. We tried to investigate the mechanism of endolymph
formation in the developing inner ear.
Methods: We collected extra-sensory epithelium of vestibule at the age of E16.5, E18.5, and P4, and divided it
according to the presence of dark cells as follows: utricular roof epithelium and common crus which contained dark
cells and semicircular canals which did not contain dark cells. RNAseq was performed with those samples to analyze
the changes of ion channels according to the development. After selecting candidate genes for endolymph formation,
we measured endolymphatic volume changes using confocal 3D live imaging with the application of candidate ion
channel inhibitors for functional study. The localization of the candidate ion channels was examined by
immunohistochemistry.
Results: A total of 48440 known genes were identified by RNAseq analysis. The genes in each sample formed close
clusters according to the cell types and development period. The majority of genes are related to ion activities such
as ion transport, membrane transport. Four major ions thought to be involved in the endolymph formation with high
probability were sodium, chloride, calcium, and potassium ions. A functional study using 3D volume change with the
application of chloride-free solution at E16.5 showed blockage of endolymphatic fluid secretion. Intracellular calcium

activity is also important by means of endolymph formation. The functional study showed decreased endolymph
secretion later stage. Potassium ions only worked at P5, which was confirmed with XE991(KCNQ inhibitor)
Conclusion: During inner ear development, sodium and chloride ion is strongly likely to be associated with
endolymphatic fluid secretion, not the potassium ion. This finding may contribute to elucidating the mechanism of
inner ear formation and possible mechanism for congenital hearing loss and vestibular disorders.
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 ABSTRACT TITLE:

Cross-sectional correlation study of vestibular decline in 111 p.Pro51Ser carriers causing DFNA9: new
insights

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Click here to write.This presentation provides an overview of the new insights regarding the progressive decline of a
wide coverage of vestibular sensors in the largest series until present of p.Pro51Ser (P51S) -carriers in the COCH
gene causing DFNA9. In total 111 confirmed P51S carriers were enrolled in this study and were administered caloric
tests, vHIT (video Head Impulse tes) tests and Vestibular Evoked Myogenic Potentials (VEMPs). The study population
was aged between 18 to 80 years. Not only was the hearing function already showing signs of deviation from agereferenced limits in the youngest age-group (18-25 years) (estimated start of decline: 27 years), it even started prior
to the vestibular function for the highest frequencies (6 and 8 kHz). The first vestibular sensor to show signs of
decline was the saccular function (31 years), followed by the caloric function (35 years) and vHIT vestibulo-ocular
reflex (VOR)-gains (44 years at the posterior semicircular canal (SCC); 45 years at the horizontal SCC and 49 years at
the superior SCC). It is striking that the VOR-gains obtained with vHIT tests were relatively stable compared to the
hearing function regardless of any frequency and compared to all other vestibular sensors, as these were the very
last to start the decline. Like the hearing decline, the vestibular deterioration occurred with a high degree of
asymmetry in the majority of the subjects. The status of bilateral vestibulopathy was achieved in all carriers aged

older than 65 years, depending of the vestibular sensor: < 6th decade for the caloric function and VEMPs, 6th decade
for PSCC and 7th decade for HSCC and SSCC. These findings suggest that the vestibular function starts to deteriorate
simultaneously with the hearing function, while it was previously estimated to start 9 years prior to the latter. Even
though the phenotypic expression of the p51S COCH variant is the same for all carriers, it seems that there is a wide
variety according to the beginning of the decline for each individual, regardless of any hearing and vestibular sensor,
witness the broad interquartile range observed in the plots depicting the progressive decline of both hearing and
vestibular sensors.
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 ABSTRACT TITLE:

Quantitative proteomics analysis to identify biomarkers of refractory benign paroxysmal positional
vertigo

 A BRIEF (<400 WORDS) DESCRIPTION OF THE THEME AND TARGET AUDIENCE:
Benign paroxysmal positional vertigo (BPPV) is transient vertigo and paroxysmal nystagmus induced by
changes in head position. This study was conducted to investigate the differential expression of serum
proteins in patients with refractory BPPV and to screen for prognostic biomarkers. Serum samples were
collected from patients with BPPV; tandem mass tag-based quantitative proteomics technology was used to
detect and quantify the serum proteins of 30 individuals with refractory BPPV and 30 control volunteers.
Bioinformatics analysis of differentially expressed proteins was performed using hierarchical clustering, gene
ontology annotation, Kyoto Encyclopedia of Genes and Genomes analysis, and protein–protein interaction
network analysis. A total of 769 proteins were identified, and 57 differentially expressed proteins were
screened between the two groups; 15 genes were upregulated, whereas 42 were downregulated. The results
revealed cholesterol metabolism, platelet activation, PPAR signaling pathway, and p53 signaling pathway
were involved in refractory BPPV. Five differentially expressed proteins were chosen for parallel reaction
monitoring analysis to confirm the results. Apolipoprotein A-I, apolipoprotein A-II, apolipoprotein C-III,
fibrinogen gamma chain, and fructose-bisphosphate aldolase B were the five potential candidate biomarker
proteins. This is the first quantitative proteomic study to reveal prognostic factors in patients with BPPV
using tandem mass tag labeling technology. The identified differential proteins may improve the
understanding of the pathogenesis and molecular mechanism of BPPV.

