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Volume 14 = Number 3 = September 2024

Dear Colleagues,

It is with great pleasure that we present the September
2024 issue of the Journal of Hearing Science, which
includes some original scientific papers and the
abstracts from two conferences.

The issue opens with a hypothesis paper on the use

of artificial intelligence (AI) chatbots when searching

for information about mobile apps in audiology. The

role that both AT and mobile apps have in our lives is

growing rapidly, as it is in healthcare, but at the same

time there is a great need to verify that the underlying

technology is trustworthy. Some recent investigations

on chatbots in audiology have highlighted problems

with accuracy of information [1,2] as well as the high variability of the responses provided [3].
Such problems loom even larger because chatbots usually fail to provide sources of information,
and even if specifically asked to provide them will often give incorrect or fabricated sources [4].
Clearly, this whole field needs much more scrutiny before it can be adopted more widely.

Next in the issue is a review paper on regeneration of cochlear hair cell based on stem cell therapy.
It reviews a promising areas of auditory research: the potential for stem cell-based therapies to
address sensorineural hearing loss. This is followed by a paper on wideband absorbance patterns
in cases of tympanic membrane perforation and another on the effectiveness of bilateral fitting
of the Adhear bone conduction device.

This issue also includes a conference report about the Hearing Across the Lifespan (HeAL)
meeting held in Cernobbio, Lake Como, earlier this year.

Finally, there are abstracts from two highly anticipated conferences in Warsaw - first the 7th International
Conference on Hyperacusis and Misophonia, and second the 59th Inner Ear Biology Workshop. Many
of us here are looking forward to learning much from these meetings.

With kind regards and greetings,
Prof. Henryk Skarzynski, M.D., Ph.D., Dr. h.c. multi
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Abstract

Introduction: In light of the growing interest in utilizing AI for information retrieval, assessing the accuracy and reliability of tools such as
chatbots is essential. This study aims to evaluate the efficacy of chatbots in providing accurate information about mobile applications (apps)
in the field of audiology.

Material and methods: The responses of the Gemini and ChatGPT chatbots to eight open-ended questions posed in Polish and English were
compared. Each answer was assessed for correctness.

Results: Gemini_ENG achieved the highest correctness with a score of 5 points (62.5%), while ChatGPT_PL scored 2 points (25%), and both
Gemini_PL and ChatGPT_ENG scored 1 point (12.5%). Chatbots were most effective in recommending apps for older adults, with three of
the four chatbots providing accurate recommendations. However, they struggled when asked to recommend apps for non-English speakers,
to describe apps, or to provide direct links, with none of them scoring points in these areas.

Conclusions: Chatbots are currently unreliable sources of information about audiology apps. Depending on the language, there is significant
variability in response accuracy. A good example is that Gemini_ENG performed far better than Gemini_PL. A major issue for all of them
was the frequent fabrication of data, including the creation of nonexistent app names and incorrect links.

Keywords: ChatGPT « Gemini « mobile apps « hearing test « Polish « English

CZY CHATBOTY MOGA DOSTARCZAC WIARYGODNYCH INFORMAC]JI
O APLIKACJACH MOBILNYCH W AUDIOLOGII?

Streszczenie

Wprowadzenie: W $wietle rosnacego zainteresowania wykorzystaniem sztucznej inteligencji do wyszukiwania informacji ocena doktadnosci
i niezawodnosci narzedzi takich jak chatboty jest niezbedna. Niniejsze badanie ma na celu ocene skutecznoéci chatbotéw w dostarczaniu
dokladnych informacji o aplikacjach mobilnych w dziedzinie audiologii.

Material i metody: Poréwnano odpowiedzi chatbotow Gemini i ChatGPT na osiem pytan otwartych zadanych w jezyku polskim i angielskim.
Kazda odpowiedz byla oceniana pod katem poprawnosci.

Wryniki: Gemini_ENG osiagnal najwyzsza poprawnos¢ z wynikiem 5 punktow (62,5%), podczas gdy ChatGPT_PL uzyskat 2 punkty (25%),
a zaréwno Gemini_PL, jak i ChatGPT_ENG uzyskaly 1 punkt (12,5%). Chatboty byly najbardziej skuteczne w polecaniu aplikacji dla 0s6b
starszych, przy czym trzy z czterech chatbotow zapewnialy doktadne rekomendacje. Mialy one jednak trudnosci, gdy poproszono je o polecanie
aplikacji dla os6b nieanglojezycznych, opisywanie aplikacji lub dostarczanie bezposrednich linkéw, przy czym zaden z nich nie zdobyt punktow
w tych obszarach.

Whioski: Chatboty sg obecnie niewiarygodnym zrédtem informacji o aplikacjach audiologicznych. W zalezno$ci od jezyka istnieje znaczna
zmienno$¢ w doktadnosci odpowiedzi. Dobrym przyktadem jest to, Ze Gemini_ENG dziatal znacznie lepiej niz Gemini_PL. Gléwnym

problemem dla wszystkich z nich byla czesta fabrykacja danych, w tym tworzenie nieistniejacych nazw aplikacji i nieprawidtowych linkéw.

Stowa kluczowe: ChatGPT « Gemini « aplikacje mobilne « badanie stuchu « polski « angielski
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Introduction

Chatbots, advanced conversational tools based on artifi-
cial intelligence (AI), are able to conduct natural language
dialogues [1]. Following an initial training phase on large
data sets, they generate responses to queries based on a
wide range of information available on the internet. Due
to their potential applications in science and medicine [2],
chatbots are gaining widespread interest, with researchers
testing them in various health sectors [3-5].

Another example of rapidly developing technology in
healthcare is mobile apps [6,7]. In the field of audiology,
rapid technology development has led to the marketing of
a number of apps for testing hearing [8]. The apps have
good sensitivity and specificity, and a number of studies
have demonstrated they have potential for screening pur-
poses [9-11]. However, the plethora of apps can make it
difficult for a user to choose the most appropriate one.
Patients may therefore seek sources of information in this
area. One source of information might include a chatbot,
which might appeal to a patient who, for various reasons,
may find it difficult to access a specialist [12]. However,
the extent to which chatbots can provide relevant informa-
tion about mobile apps in the field of hearing is unknown.

To date, there have been few studies in the field of audi-
ology on the use of chatbots. Existing works have main-
ly concerned the extent to which AI can handle special-
ized questions in audiology [13-16]. The answers vary
depending on the version of the chatbot used [14] and
may change over time [13,15]. In addition, the accuracy
of the answers can be affected by the form of the ques-
tion asked, e.g. whether it is an open-ended question [13]
or multiple-choice [15]. Moreover, the responses generat-
ed by chatbots can differ depending on the language used
in the query, as different databases will be searched [17].

In summary, the efficacy of chatbots in providing correct
audiological information is unknown. To date, no research
has yet been done to verify the accuracy of information
provided by chatbots about mobile apps for testing hear-
ing. The objective of this study is therefore to test whether
common chatbots are able to supply reliable information

Table 1. List of questions asked of chatbots

about mobile apps for testing hearing. Two types of chat-
bots were selected, and each was asked questions in two
languages, English and Polish. The accuracy, correctness,
and usefulness of the answers were assessed.

Material and methods

Two types of free chatbots — ChatGPT version 4o,
(OpenAl, San Francisco, CA, USA) and Gemini (Google
LLC, Mountain View, CA, USA) - were selected for study.
Questions were asked in July 2024 in English and Polish,
resulting in four versions for analysis: ChatGPT_ENG,
ChatGPT_PL, Gemini_ENG, and Gemini_PL.

Eight open-ended questions related to hearing test apps
were formulated (Table 1). These questions were based on
information that could be verified with reference to spe-
cific studies [8,18] or by searching the mobile app market
(e.g., Google Play Store, App Store). After asking questions
of the chatbots, their answers were saved and analyzed
for accuracy. It was checked whether the identified apps
existed (questions 1-5), whether their descriptions were
correct (question 6), and which apps the chatbot recom-
mended (questions 7 and 8).

The responses to questions 1-4 were analyzed in terms of
both the number of total answers provided and the num-
ber of correct answers. An answer was considered cor-
rect if the listed app was available on at least one platform
(Google Play Store or App Store) and allowed a hearing
test to be done.

For question 5, it was examined whether the chatbots pro-
vided a link to a specific app, and if so, whether the link
was correct.

For question 6, the evaluation was in terms of:

— app description (accuracy, completeness, incorrect
information);

- user rating (quantitative/qualitative; if quantitative,
whether it matched the ratings given on the platform
where the app is available),

- app availability on platforms (correct indication of avail-
ability on one or both platforms).

No. Questions

1 What mobile apps for testing hearing are currently available?

2 Are these apps available in Poland?

3 Are there mobile hearing test apps for children?

4 Are there any mobile hearing test apps specifically designed for children to perform so-called “play audiometry”?

5 Can you provide a link to these apps?

6 Can you point to specific examples of hearing testing apps with their description, including features, user ratings, and
the platforms on which they are available?

7 W.hich mobile hearing test.app would you recqmmend fo'r a person Yvho has manual dexterity difficulties, is unfamiliar
with smartphones, or has increased reaction time? Explain your choice.

8 Can you recommend an app available in Polish for non-English speakers?

10 Journal of Hearing Science - 2024 Vol. 14 - No. 3
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Table 2. Summary of chatbot responses to questions about mobile apps for testing hearing

Question No. Chatbot Number .of Number of Correctness of
answers given correct answers responses
Gemini_ENG 3 3 +
Gemini_PL 3 2 -
! ChatGPT_ENG 8 7 -
ChatGPT_PL 4 4 +
Gemini_ENG 2 2 +
Gemini_PL 2 2 +
? ChatGPT_ENG 5 3 _
ChatGPT_PL 4 3 -
Gemini_ENG 1 1 +
Gemini_PL 0 0 -
’ ChatGPT_ENG 4 1 -
ChatGPT_PL 4 1 —
Gemini_ENG 1 1 +
Gemini_PL 0 0 —
! ChatGPT_ENG 3 1 -
ChatGPT_PL 4 0 =
Gemini_ENG 0 0 -
Gemini_PL 6 1 _
’ ChatGPT_ENG 2 0 -
ChatGPT_PL 0 0 -

For the recommendations (questions 7 and 8), it was
checked whether the chatbots recommended existing apps,
considered the specified user constraints, and whether
their recommendations were based on certain criteria (e.g.,
features, method of conducting test, availability, custom-
ization options like language). The information provided
by the chatbots was verified for accuracy.

The full chatbot responses to the questions in Table 1 can
be found in the online supplementary material.

Results

Questions 1-5: searching for mobile apps

Table 2 is a comprehensive summary of the responses pro-
vided by all versions of the chatbots to questions 1-5. In
the last column, the correctness of the responses is marked
with a “+” for correct answers and a “-” for incorrect
ones. A minus sign was assigned if the number of correct
answers was less than the number of provided answers,
or if the chatbot did not provide the name of any app or
a direct link, despite the availability of this information.

Detailed responses, including the specific names of the apps
identified, can be found in the supplementary material.

ChatGPT_ENG generated the greatest number of respons-
es to questions 1-4, achieving a score of 20. ChatGPT_PL

Journal of Hearing Science - 2024 Vol. 14 - No. 3

furnished a total of 16 responses. In contrast, Gemini_ENG
provided just 7 responses, while Gemini_PL delivered the
fewest, with only 5 in total. Notably, all of the Gemini_ENG
answers were correct. Gemini_PL made an error by pro-
posing an app that monitors music listening but cannot test
hearing. Despite the fact that ChatGPT_ENG generated
the greatest number of responses, its error rate was high-
er than the other chatbots. ChatGPT_PL demonstrated a
lower error rate than ChatGPT_ENG, the only error be-
ing with the final question. Curiously, ChatGPT_PL point-
ed to the same app in response to two questions, giving
its name once in Polish and once in English; however, be-
cause the app exists in both languages these answers were
considered correct.

All chatbots were asked to provide links directing a user to
the respective apps. Both Gemini_ ENG and ChatGPT_PL
reported that they were unable to provide direct links.
Gemini_ENG argued that this was for security reasons,
while ChatGPT_PL said it was because of not having ac-
cess to the internet and not being able to view up-to-date
sources. Nevertheless, Gemini_ ENG included a direct link
to a specific app in its response to the first question (see
Appendix 1 of the supplementary material). On the posi-
tive side, both chatbots, Gemini_ ENG and ChatGPT_PL,
furnished step-by-step instructions on how to search for
a specific app. Gemini_ENG provided examples of exist-
ing apps, while ChatGPT_PL gave the name of an app that
didn’t exist. Strangely, ChatGPT_ENG and Gemini_PL

11
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Table 3. Summary of chatbot responses to questions about app descriptions

Platforms* e e
Number of Number of e ce ol ?;::1 :Ia:taitr:vfe Concordance of
Chatbot o compared to description of 8:
apps provided correct apps availability on app™ concordance of  all responses
platform)** responses**
Gemini_ENG 3 3 3 0 -
Gemini_PL 3 2 2 1 =
ChatGPT_ENG 5 5 4 1 -
ChatGPT_PL 5 2 2 0 =

* App Store and/or Google Play Store, ** Concerning existing hearing test apps

provided direct links to apps on both platforms, but the app
named by ChatGPT_ENG was not available on either plat-
form, and incorrect links were given. At least Gemini_PL
was able to provide one correct link.

Question 6 — description of apps

Table 3 provides a summary of the responses given by all
versions of the chatbots to the question about specific ex-
amples of hearing test apps. The analysis considered the
descriptions, user ratings, and the platforms on which the
apps were available. Column 4 shows data on the num-
ber of platforms (App Store and Google Play) on which
apps were available (reported by chatbots and compared to
their actual availability). The “Correct description of app”
column shows the number of apps for which the chatbots
provided descriptions containing all the correct informa-
tion. The “Quantitative user rating: concordance of re-
sponses” column, on the other hand, shows the number
of apps for which the chatbots provided consistent quanti-
tative ratings, corresponding to those posted on platforms
such as the App Store and Google Play. If any of these cri-
teria were not met, the response was considered incor-
rect. In the last column, a plus sign is assigned if correct
answers were all given in the other columns; otherwise,
a minus sign is assigned.

Detailed responses, including descriptions of specific apps,
can be found in the supplementary material.

Both versions of Gemini described 3 mobile apps, and
both versions of ChatGPT described 5 apps each. However,
Gemini_PL and ChatGPT_PL described one app that was
designed for noise assessment rather than hearing testing.
In addition, ChatGPT_PL described 2 apps that do not exist.

None of the chatbots correctly answered the question about
the availability of the app on specific platforms (consider-
ing only existing hearing test apps). In one instance, both
versions of ChatGPT and Gemini_ENG incorrectly indi-
cated that the app was available on both platforms, de-
spite the fact that it was, in fact, only accessible on one.
Gemini_ENG made this error when describing two apps.

The descriptions given by Gemini_ENG were short, one-
sentence descriptions. They were based on a description
of the apps available on the platform. Although they were
correct, there was a lack of detailed information about the

12

functions of the app and the types of tests it could per-
form. Gemini_PL, on the other hand, focused mainly on
listing the functions each app offered. The descriptions
of ChatGPT_PL were also short, but the information was
more accurate: the purpose of the app, the available tests,
and the target group were clearly stated. The information
was correct, except of course for the non-existent apps.
ChatGPT_ENG gave the most comprehensive answers.
They consisted of one or two sentences and gave an in-
dication of the features of the app. All descriptions were
correct, except for one in which the form of the test was
incorrectly stated (pure tone audiometry instead of tri-
plets-in-noise test).

In terms of users’ evaluations of the apps, both versions
of ChatGPT and Gemini_PL provided quantitative user
ratings. However, only in two cases was the rating award-
ed consistent with the rating visible on the platform: (1)
ChatGPT_ENG, giving the rating of the “Petralex Hearing
Aid” app in the App Store; and (2) Gemini_PL, giving rat-
ings for the “Mimi Hearing Test” app in the App Store.
It should also be added that ChatGPT_ENG gave only
a general number of ratings (e.g. thousands or hun-
dreds), whereas ChatGPT_PL and Gemini_PL gave the
exact number of times the app had been rated. In contrast,
Gemini_ENG provided only a qualitative assessment, i.e.
whether it was rated positively or not. However, the assess-
ment was largely inconclusive, with the chatbot empha-
sizing that it was only a subjective rating made by users.

Questions 7 and 8 - recommendations

Table 4 provides a summary of the recommendations
provided by all versions of the chatbots. A response was
deemed accurate (column 4) if the recommended app was
for a hearing test. If there was even one false statement in
the recommendation rationale (column 5), it was consid-
ered an error. In the last column, the correctness of the
responses is marked with a plus or minus symbol. A mi-
nus sign was also assigned in cases where the chatbot
did not make a recommendation, even though there was
a corresponding app.

In response to question 7 (limitations of an older person),
both versions of Gemini proposed two apps, whereas the
two versions of ChatGPT proposed one each. However,
one of the apps recommended by Gemini_PL is used for
monitoring hearing during music listening and does not

Journal of Hearing Science - 2024 Vol. 14 - No. 3
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Table 4. Summary of the recommendations given by all versions of chatbots

Gemini_ENG 2 2 2 +

Gemini_PL 2 1 1 =
Older person

ChatGPT_ENG 1 1 1 +

ChatGPT_PL 1 1 1 +

Gemini_ENG 0 0 0 -
Non-English Gemini_PL 3 1 0 =
speaking person ChatGPT_ENG 1 0 0 -

ChatGPT_PL 1 0 0 =

* Concerning only existing hearing test apps

Table 5. Summary of the correctness of the chatbots” answers to all questions

1 + - +
2 + = =
3 + - -
4 + - -
5 - - -
6 = - -
7 + + +
8 - — -
Total points 5 1 2
% correct responses 62.5 12,5 25

include additional hearing test functionality. All chatbots
took into account the indicated limitations of the user and
the apps they proposed are currently available on the mar-
ket. Both versions of Gemini gave only brief explanations
of its app choices. In contrast, both ChatGPT versions
based their recommendations on detailed information
about the app’s features, the type of test to be conducted,
and availability on different platforms.

In question 8, chatbots were asked to recommend apps for
Polish users who do not speak English. Gemini_ENG in-
dicated at the outset that it might be difficult to find such
an app. It then recommended the apps previously iden-
tified, adding information that they may not be available
in Polish. Chatbot also recommended using a translator
or choosing an app with a simple interface. In contrast,
Gemini_PL recommended 3 apps, but only one of them
enables users to undertake a hearing test. It is also note-
worthy that the description of this app provided by the
chatbot contained incorrect information. Both versions
of ChatGPT indicated, and described in detail, a selected
app, but this app does not actually exist.

A detailed description of the user limitations and the ex-
act responses of the chatbots is provided the supplemen-
tary material.

Table 5 presents a summary of the correctness of the re-
sponses provided by the chatbots to all the questions posed.
The last two lines shows the number of points obtained
and the percentage of correct responses.

The results demonstrate that Gemini_ENG achieved a
score of 5 points (62.5%), ChatGPT_PL attained a score
of 2 points (25%), and Gemini_PL and ChatGPT_ENG
scored 1 point each (12.5%). On this basis, Gemini_ENG
clearly outperformed the other chatbots.

Discussion

The objective of this study was to assess the effectiveness
of chatbots in providing accurate information about mo-
bile apps in the field of audiology. Two chatbots, Gemini
and ChatGPT, were employed for the analysis of responses
in both Polish and English.

13
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The results indicate that AT cannot currently be considered
a reliable source of information about mobile apps in audi-
ology. Significant variability was observed in the correct-
ness of responses depending on the language of the que-
ry, the type of chatbot, and the context of the question.

Among the tested chatbots, Gemini_ENG proved to be
the most reliable, providing correct answers to more than
half the questions posed. It outperformed other chatbots
in terms of the correctness of responses, even compared
to its Polish counterpart, Gemini_PL, which performed
poorly. This disparity probably stems from the broader
and more comprehensive training database available in
English. The richer English dataset allows for better veri-
fication and validation of information, resulting in higher
correctness. Similar observations were made by Jedrzejczak
et al. [14], who recommend asking questions in English.
Likewise, another study [19] found that ChatGPT 3.5 was
unable to provide references for queries in Italian and
Spanish because these versions don’t include references
in these languages. By way of contrast, ChatGPT (version
40) did not exhibit significant language-related discrep-
ancies in this study, suggesting a more consistent perfor-
mance across languages.

There were noteworthy differences in the ways in which
Gemini and ChatGPT provided answers. While Gemini
focused on providing concise, relevant information,
ChatGPT’s responses were more detailed. Descriptions
of apps were longer and explanations were more com-
prehensive. Similar observations have been reported in
studies conducted by others [14]. In contrast, in ques-
tions about hypertension, Gemini gave more elaborate an-
swers than ChatGPT [20]. This indicates that the length
of the responses may depend on the specific domain of
the questions.

Most chatbots demonstrated higher proficiency in recom-
mending apps tailored to the needs of older people, with
three of the four chatbots providing accurate responses.
The exception was Gemini_PL, which failed in this area,
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probably due to restricted access to Polish-language sourc-
es. However, it was the sole chatbot to accurately identify
an app suitable for non-English speakers, despite includ-
ing erroneous information in the description.

In general, chatbots performed better on questions where
general information was sought. The number of incorrect
or unanswered answers increased for questions which in-
cluded specific details, such as names, numbers, or direct
links. These findings align with those of other studies,
which indicate that ChatGPT has inferior performance
on more specialized questions, such as those pertaining
to sarcoma treatment, compared to general questions [5].
Furthermore, ChatGPT_ENG was less inclined to concede
ignorance, frequently providing fictitious data [13,19].

Conclusions

In the light of these findings, it can be concluded that, at
the time of writing, chatbots cannot be considered relia-
ble sources of information for mobile apps in the field of
audiology. Among the chatbots tested, Gemini_ENG ex-
hibited the highest level of correctness. However, the re-
sponses of the chatbots were variable and depended on
the linguistic context in which the queries were posed.
Notably, the Polish version of Gemini demonstrated a se-
rious deficiency in accuracy and correctness compared to
its English counterpart. A particularly concerning issue af-
fecting all chatbots was the widespread and egregious er-
ror of supplying fabricated data, including the names of
nonexistent apps and providing erroneous links to them.
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Abstract

Introduction: According to the World Health Organization (WHO), by 2050 at least 700 million people will need access to hearing care and
hearing rehabilitation services. The search for cell or gene therapies has been intensifying, and stem cell therapy looks a promising candidate
to support hearing regeneration and reduce these numbers. The aim of this study is to provide an overview of current advances in stem cell-
based therapies for cochlear hair cell regeneration and the processes being developed for future applicability.

Material and methods: Identification and review of all articles in the databases PubMed, Web of Science, and PLoS One using the terms stem
cell, auditory hair cell regeneration, and mammalian during February 2023 and following the PRISMA guidelines.

Results: 50 articles were obtained, published between 2003 and 2022 and were systematically analyzed. The current research quantity is limited
and further studies are needed, particularly in human tissue.

Conclusion: The simultaneous use of cell therapy and gene therapy may lead to more promising results. Moreover, advances in cochlear hair
cell regeneration with stem cells suggest there is a realistic potential to make the technique a useful future therapy.

Keywords: transplantation « stem cell » regeneration « inner ear « hair cell

REGENERACJA KOMOREK SLUCHOWYCH OPARTA NA KOMORKACH
MACIERZYSTYCH: PRZEGLAD SYSTEMATYCZNY

Streszczenie

Wprowadzenie: Wedltug Swiatowej Organizacji Zdrowia (WHO) do 2050 roku co najmniej 700 milionéw ludzi bedzie potrzebowato dostepu
ustug w zakresie protetyki stuchu i rehabilitacji stuchu. Z tego wzgledu intensyfikowane s3 poszukiwania odpowiednich terapii komérkowych
lub genowych, a terapia komoérkami macierzystymi celem wspomagania regeneracji stuchu i zmniejszenia liczby potrzebujacych wydaje sie
obiecujgca. Celem niniejszego badania jest przedstawienie przegladu aktualnych wynikéw terapii opartych na komdrkach macierzystych
w regeneracji komorek stuchowych oraz proceséw opracowywanych pod katem przyszlego zastosowania.

Material i metoda: Dokonanie przegladu wszystkich artykutéw wyszukanych w bazach PubMed, Web of Science i PLoS One w lutym 2023
roku przy uzyciu termindéw komérka macierzysta, regeneracja komérek stuchowych slimaka i ssaki oraz zgodnie z wytycznymi PRISMA.

Wyniki: Uzyskano 50 artykutéw opublikowanych w latach 2003-2022 i poddano je analizie systematycznej. Obecna liczba badan jest ograniczona
i potrzebne s dalsze badania, szczeg6lnie na tkankach ludzkich.

Whioski: Jednoczesne stosowanie terapii komdrkowej i terapii genowej moze prowadzi¢ do uzyskania bardziej obiecujacych wynikéw. Co
wigcej, postepy w regeneracji komorek stuchowych za pomocg komérek macierzystych sugeruja, ze istnieje realny potencjal, aby uczynic te

terapie uzyteczng w przysztoéci.

Stowa kluczowe: transplantacja « komorka macierzysta « regeneracja » ucho wewnetrzne « komérka stuchowa
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Key for abbreviations

cHCs cochlear hair cells

Cls cochlear implants

HCs hair cells

IHCs inner hair cells

OHCs outer hair cells

SC stem cell

vHC vestibular hair cell

WHO World Health Organization
Introduction

The cochlea is responsible for the processing of sound
in the initial phase of the auditory pathways; it is a sound
transducing organ capable of transforming the hydro/
biomechanical energy coming from the middle ear through
the oval window into electrophysiological energy.

In the organ of Corti there are supporting epithelial cells
and specialized sensory cells called cochlear hair cells
(cHCs). The cHCs of the inner ear are mechanoreceptors
that transform acoustic signals into electrochemical sig-
nals through the displacement of stereocilia [1]. There are
two groups of cHCs: the inner hair cells (IHCs) and the
outer hair cells (OHCs). The OHCs (12,500 of them) are
much more plentiful than IHCs. OHCs have long, thin
stereocilia; they form later in embryonic development,
and are more easily damaged than IHCs. IHCs are less
numerous (3500 of them); they develop earlier and are
more resilient [2].

Most cases of hearing impairment are due to the degener-
ation of cHCs. Damage to these cells is mainly induced by
age, anoxia at birth, infection, exposure to ototoxic drugs
(e.g. antibiotics, some anti-cancer drugs), genetic mutations,
and exposure to high-intensity sounds. Hearing deficits may
also result from damage to the neurons of the spiral gangli-
on that innervate the cHCs [3]. Regeneration of cHCs af-
ter damage occurs spontaneously in non-mammalian verte-
brates like birds and fish but not in the mammalian cochlea,
meaning that in mammals hearing loss is permanent [4].

Therapeutically, a range of hearing support technologies
exist, such as hearing aids and implantable medical devic-
es. However, in aiming to restore hearing, remarkable ad-
vances have led to other innovative therapies [5]. For coch-
lear implants (CIs) to be successful and effective, afferent
neurons must be functional [6]; if they are not, CIs may
be contraindicated, even if conventional hearing aids fail
to provide any benefit. The search for new solutions has
led to stem-cell therapy (SC) [7]. Continued research into
the regeneration of cHCs suggests that future treatment of
sensorineural hearing loss may involve a combination of
gene therapy, cell therapy, molecular therapy, and CIs [8].

It is now possible to convert differentiated somatic cells
into multipotent SCs that have the capacity to generate all
adult cell types; this technique is called induced pluripotent

20

Regeneration of inner hair cells

Cell therapy Gene therapy Pharmacological
and molecular

therapy

Figure 1. There are three main approaches to stem cell therapy:
cell therapy, gene therapy, and pharmacological and molecular
therapy

stem cells. Thus, there is a wide variety of applications for
this technology, including regenerative medicine, in vit-
ro disease modeling, and drug screening/discovery [9].

According to Diensthuber and Stéver, and as shown in
Figure 1, cochlear or inner ear hair cell regeneration en-
compasses cell therapy, gene therapy, and pharmacologi-
cal and molecular therapy [2,10].

Stem cell-based hair cell regeneration

The inability of mammals to regenerate their hearing or-
gan after damage is due to the postnatal decrease in SCs
in the inner ear [11,12]. Generally speaking, there are two
models for studying hair cell regeneration in mammals,
namely cochlear organoids and cochlear organs. Hair cells
within the organoids derived from pluripotent stem cells,
or from a cochlear progenitor, share similar structural
and functional properties to native hair cells. The inner
ear and cochlear organoids can be derived from induced
pluripotent SCs [13]. Induced pluripotent SCs are gener-
ated via genetic reprogramming of adult somatic cells that
have limited differentiation potential but, upon reprogram-
ming, express genes that enable them to regain plasticity
and give rise to all cell types [14-16].

Previous studies have described SC therapy in which cells
are transplanted into the inner ear to replace injured or
dead cHCs [17-19]. To develop successful regenerative
approaches for hearing loss, there must be a detailed un-
derstanding of the human inner ear, specifically its func-
tion, differentiation, and cellular mechanisms. There are
currently several ongoing early-stage studies into the
regeneration of cHCs.

Techniques that use SCs as a basis for cHC regeneration
could play a key role in hearing restoration [5,10]. There
are a large number of possible sources for obtaining SCs
for hearing therapy, including: embryonic SCs, induced
pluripotent SCs, mesenchymal SCs, neural SCs, and in-
ner ear SCs. It is concluded that SC-based therapy looks
especially promising for re-establishing hearing function

[20-22]. There are two possible SC-based approaches to

treating deafness [3,21-23]:

- endogenous regeneration or the restoration of existing
HCs in the inner ear by inducing changes at the cell cycle
level (administration of cell survival factors and other
biologically active molecules), stimulating resident SCs
within the organ of Corti to replace their own damaged
cHCs;
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Figure 2. PRISMA flow chart

- exogenous delivery of SC, i.e., introduction/transplan-
tation of SC into the inner ear.

The procedures/treatments required for endogenous acti-
vation of the inner ear in humans still remain unknown
(at present); however, it is felt that SC transplantation has
a higher chance of success compared to endogenous regen-
eration [22,23]. In order to repair the auditory sensory ep-
ithelium, identification of specific and appropriate cellular
markers of inner ear SCs is needed so that endogenous inner
ear SCs can be differentiated from exogenous SCs [23-25].

Cochlear support cells, once cultured and isolated in vitro,
have the ability to express markers of the cHC, inferring
that they can differentiate into this cell type. These support
cells, unlike SCs, do not self-renew, so researchers have
questioned if they are the best target, or if there are other
undifferentiated cochlear cells with better chances of cre-
ating cHCs [26,27]. For successful regeneration of cHCs,
the replacement of neural fibers is also important [28].

Practical challenges to SC transplantation

The transplantation of SCs into the ear is complex. The lit-
erature records that there are several anatomical structures
on the way to the final target site, highlighting the tym-
panic scala, scala media, and Rosenthal’s canal [3,23], as
well as the vestibular scala [11,29,30], the lateral cochlear
wall [28,29,31], the perilymphatic/modiolus perforation
[32,33], the round window [34,35], the lateral semicircular
canal [36], and the auditory nerve [3].

Where do we stand regarding advances in SC-based ther-
apies for ear regeneration? What processes are being de-
veloped for future applicability and what will be the im-
pact in audiology clinical practice? These are questions
that this review addresses.

Material and methods

A systematic literature review on the topic of Stem cell-
based regeneration of cochlear hair cells was carried out
to see what processes are being tested and how the re-
search is progressing. Articles were searched in PubMed,
Web of Science, and PLoS One, using the Boolean oper-
ator AND with the terms “stem cells, auditory hair cells,
regeneration, and mammalian” Other articles were also
searched through external academic libraries, and 2 articles
considered relevant from this external search were also
included in the review.

The inclusion criteria included articles published in
English, Portuguese, or Spanish, with full-text access, ap-
plicability to humans, and mentioning the term stem cell(s)
in the title or abstract.

A search in February 2023 found 492 articles. Duplicates
were removed and complete articles without full text on-
line access were requested by mail direct from the first
authors, leaving a selection of full text articles. Data ex-
tracted from each full text article for eligibility assessment
included: Authors; Year of publication; Country; Type of
therapy; Types of regenerated hair cells; Population (spe-
cies); Anatomical route of cochlear transplantation; Stem-
cell classification; and Findings and suggestions. The com-
plete process is shown in Figure 2.

Results

Through the database search, 492 initial papers were ob-
tained. From them, 42 papers were eliminated as dupli-
cates. After screening for applicability of the studies to
humans and mention of the term “stem cells” in the title
or abstract, 37 articles were selected for systematic analy-
sis. To this number, 2 articles from external research were

21

Journal of Hearing Science - 2024 Vol. 14 - No. 3



Review papers ¢ 19-36

Table 1. Analysis of articles

Li et al. [7] USA cellular therapy cochlear birds round window
2004 mice
Lopez-Schier [50] USA cellular therapy cochlear birds
2004 mice
(humans)
Parker & Cotanche Switzerland cellular therapy cochlear birds
[56] mice
2004
Hu et al. [49] Switzerland cellular therapy cochlear mice tympanic scala
2005 gene therapy (cochleostomy)
Hu & Ulfendahl [6] USA cellular therapy cochlear birds tympanic scala
2006 mice vestibular scala
Martinez- USA cellular therapy cochlear mice tympanic scala
Monedero gene therapy vestibular modiolus
& Edge [27]
2007
Oshima et al. [11] USA cellular therapy cochlear rabbits
2007 gene therapy vestibular mice
(humans)

Edge & Chen [23] USA cellular therapy cochlear birds
2008 gene therapy vestibular mice

fish

22

Journal of Hearing Science -

2024 Vol. 14 - No. 3



Table 1 continued. Analysis of articles

Costa et al. — Cochlear hair cells from stem cells

Stem cells (SCs)

classification Study limitations Findings and suggestions
embryonic Need for more studies in the area (cochlear ~ SCs —may have applicability in neurodegenerative
neural anatomy). diseases such as Parkinson’s and others such as
bone marrow Correct incision procedure at the specific diabetes.
inner ear cochlear site. Injection of neural SCs.
Immunological barriers; possibility Possibility of the combined use of anti-rejection drugs
of immunorejection (histological with cell therapy so that this situation does not occur.
incompatibility). Combination of cell therapy, gene therapy and
Potential use of immunosuppressants to pharmacological therapy.
overcome histocompatibility.
Tumor formation.
neural Tumor formation (uncontrolled cell cycle/ Neural SCs have already generated new cHCs in the
inner ear excessive proliferation). affected ear in mice.
Need to control the orientation of new cHCs
so as not to incur bad results.
neural Ethical considerations (use and destruction  Isolating SCs from one’s own ear may be a benefit for
inner ear of human embryos). the treatment of degeneration.
embryonic Tumor formation (after transplantation). Neural SCs — therapeutic potential for hearing loss.

hematopoietic (bone
marrow)

May be preferred for treatment of neuropathy and
disorders of the VIII cranial nerve.

embryonic Need for more studies and results in Neural SCs have possibly better outcomes than
neural the area; understand cell survival and embryonic SCs, due to the ease of differentiation into
implantation. cells of functional interest to the auditory system.
Neural SCs can migrate to important functional
structures such as the mature inner ear (along the
cochlea).
Combination of cell therapy and gene therapy would
have greater applicability for auditory cell regeneration.
embryonic Embryonic SCs: tumor formation. Cls — need for functional afferent neurons for greater
neural Administration of antibiotics (reduce/control success.
risk of rejection and inflammation). Embryonic SCs — can generate all types of cells.
Possibility of benign (teratomas) and Neural SCs — ability to restructure afferent neurons.
malignant (teratocarcinoma) tumor Potential ability to differentiate into neurons and
formation; uncontrolled proliferation. glia cells during normal development and after
More research needed in the area; transplantation into the nervous system. Seems to be
more tissues, applicability, sources, cell a good bet in regenerative therapy.
differentiation.
embryonic Type of cell choosen. Timing of infusion after Neural replacement is very important in the success of
damage. Differentiation state. cHC regeneration.
inner ear Postnatal decrease of SCs at the ear levelis  For the future, this may involve the mechanisms
apparently the main reason for the inability ~ of action being differentiated at the cochlear and
of mammals to regenerate their hearing vestibular level of their SCs — discriminating between
organ after damage. simple loss of SCs (or their ability to proliferate) and
their potential as an active mechanism of repression,
as well as how cochlear and vestibular cHCs act.
embryonic Choice and differentiation status of SCs Embryonic SCs — successful to differentiate into
exogenous when transplanted. neurons and into cHCs.

mesenchymal (bone
marrow)

It has been tricky to regenerate cHC with
cells transplanted from sources other than

the ear.

Mesenchymal SCs (bone marrow) — have been

used as growth factors and cellular markers for the
regeneration of cHCs.

SC transplantation has higher chances compared to
endogenous regeneration.

Challenge: good ordering and innervation of the cHC.
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Table 1 continued. Analysis of articles

Pauley et al. [46] USA cellular therapy cochlear birds
2008 gene therapy vestibular mice
(humans)
Vlastarakos et al. Greece cellular therapy cochlear birds rosenthal canal
[48] gene therapy mice scala media
2008 (humans) tympanic scala
round window
modiolus
perilymphatic perforation
Brigande & Heller USA cellular therapy cochlear birds scala media
[47] gene therapy vestibular mice
2009 pharmacological
therapy
Jongkamonwiwat  United Kingdom  cellular therapy cochlear birds scc lateral
et al. [35] gene therapy vestibular mice scala media
2010 tympanic scala
modiolus
Felipe et al. [54] Spain cellular therapy cochlear birds rosenthal canal
2011 gene therapy mice tympanic scala
(humans) modiolus

auditory nerve
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Stem cells (SCs)

classification Study limitations Findings and suggestions
embryonic Possibility of immunorejection (histological ~ Embryonic SCs — studied for neurodegenerative
adult: incompatibility). diseases.
—inner ear, Ethical considerations (use of embryos). Induced pluripotent SCs — have many characteristics

— hematopoietic,
—neural,
- olfactory

Tumor formation.

Better understanding of the auditory

epithelium.

Complex architecture of the cochlea and
orientation of the new cHCs.

of embryonic and adult SCs. Induced pluripotent SCs
appear to be one of the most promising cell sources for
auditory regenerative therapy.

embryonic
bone marrow
neural

Surgical procedure — possibility of intrascalar
bleeding (small amount) after drilling the
cochlear base. Middle ear infection.
Prophylactic administration of antibiotics

is a standard part of the surgical procedure
(reducing risk of inflammation).

Possibility of immunorejection (histological

incompatibility).

More studies are needed in the area, in
terms of mechanisms, human genome,

strategies.

Immunosuppression prior to the surgical procedure, to
reduce the risk of rejection.

Neural SC transplantation — can adopt the phenotypes,
morphology, inner hair cells, and outer hair cells.
Embryonic neuron-derived SCs — potential for synapse
formation with cHCs and reinnervation of auditory
epithelium.

Scala media — survival of implanted cHCs.

Modiolus — strategy used for regeneration of the spiral
ganglion.

embryonic
neural
inner ear

The path taken by SCs to reach the cochlea.
Anatomical limitations of the cochlea

and organ of Corti (access to structures)
and cochlear chemical composition (>K+

content).

Activation of SCs and that they are correct in
number at the correct site of damage.
Possibility of immunorejection (histological
incompatibility). Tumor formation.

Need for further studies in the area
(anatomical and histological).

The goal is to try to counteract tumor formation and
the risk of rejection.

embryonic
mesenchymal (bone
marrow)

neural

inner ear

induced pluripotent

Condition of the host tissue.

Choice of transplantation route.

Embryonic SCs —immunological barriers —
possibility of immunorejection (histological
incompatibility). Ethical considerations.
Need for further studies in the area of

human SCs.

Source of SCs from inner ear is the utricle (has some
regenerative capacity) and cochlea (more complex
procedure) — up to 3 weeks after birth.

Cls would be complementary to therapies.

Best results with electrical stimulation through Cls
(spiral ganglion).

Embryonic SCs — control of potassium homeostasis and
cochlear generative potential.

Induced pluripotent SCs — is more indicated for
immunosuppression.

Perilymphatic transplantation is less traumatic and
can be done by cochleostomy or through the round
window. Combination of SCs and Cls still needs more
studies.

Transplantation via modiolus to gain direct access to
the Rosenthal canal — best method to access the spiral
ganglion.

induced pluripotent
exogenous

Anatomical limitations (access to structures)
and cochlear chemical composition (>K+

content).

Transplanting SCs into such a complex
structure with the organ of Corti.

SCs transplanted through the tympanic scala
may have low survival ratio.

If it is necessary to inject SCs multiple times,
infection may result. Tumor formation. Need
for more studies in the area.
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ABR to prove electrophysiological thresholds.
Induced pluripotent SCs with promising results for
auditory regeneration.
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Table 1 continued. Analysis of articles

Parker [25] USA cellular therapy cochlear birds
2011 gene therapy vestibular mice
fish
(humans)
Okano & Kelley USA cellular therapy cochlear birds rosenthal canal
[22] gene therapy mice scala media
2012 pharmacological fish tympanic scala
therapy (humans)
Hu & Ulfendahl USA cellular therapy cochlear mice tympanic scala
[28] gene therapy vestibular (humans) vestibular scala
2013 pharmacological
therapy
Almeida-Branco Spain cellular therapy cochlear birds rosenthal canal
et al. [8] gene therapy mice tympanic scala
2014 pharmacological modiolus
therapy (introduction into perilymph
and endolymph)
Bas et al. [42] USA cellular therapy cochlear mice
2014 gene therapy vestibular (humans)
pharmacological
therapy
Park et al. [17] USA cellular therapy cochlear mice scala media
2014 tympanic scala
Lyon [43] USA cellular therapy cochlear mice middle ear
2017 pharmacological (humans)
therapy
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Table 1 continued. Analysis of articles

Costa et al. — Cochlear hair cells from stem cells

Stcel:]ssfi:il::t(ii?) Study limitations Findings and suggestions
embryonic Limited potential due to widespread Mention retinoic acid.
adult differentiation into cells of the organ of Neural SCs — regenerate nervous tissue such as

Corti. neurons and motor function. Cochlear markers faster

embryonic SCs and their resources are than embryonic and mesenchymal SCs. They are faster

not yet evidence with regard to auditory because they are closer to cochlear tissue.
regeneration; however the results seem Neural and mesenchymal SCs — maintain the ability to
encouraging. migrate throughout the injured cochlea.

Tumor formation. Neural and embryonic SCs — retain the ability to
differentiate into neurons. So this alternative would
be suitable for neurodegenerative diseases such as
Alzheimer’s and Parkinson’s.

embryonic Anatomical limitations of the cochlea Induced pluripotent SCs — overcome the possibility of
adult: (access to structures) and cochlear chemical immunorejection and ethical considerations.

— tissue specific

— hematopoietic

— mesenchymal (bone
marrow)

induced pluripotent

composition (>K+ content).
Basilar membrane may compromise the
approach by scala.

SC to ear transplantation by injection seems

insufficient to regenerate a substantial
number of cHCs and thus will not have
the capacity to form a functional auditory
epithelium.

Transplants of endogenous SCs will lead to further
regeneration of the OHC.

Alternative strategies to use SCs with a spiral ganglion
regeneration or with conventional therapies such as Cl
must be equated for the best benefit of the patient.

embryonic
neuron-derived
mesenchymal
neural

inner ear

induced pluripotent

Ethical considerations.

Access to the vestibule and cochlea.
Anatomical limitations and cochlear
chemical composition.

Existence of neurodegeneration.
Molecular mechanisms still undetermined.

It is related to the Cl surgery.

Transplantation technique via tympanic scala has less
trauma to the cochlea.

Mesenchymal SCs —in vitro regeneration and
proliferation.

Neural SCs — can restore hearing via exogenous
transplantation.

embryonic

adult:

— hematopoietic

—mesenchymal (bone
marrow)

neural

inner ear

induced pluripotent

Anatomical limitations of the cochlea
and organ of Corti (access to structures)
and cochlear chemical composition (> K+
content).

Possible loss of endolymph from the
cochlear canal due to surgery.

Further studies in the area are needed.

Combination of cell therapy, gene therapy, and Cls
seem interesting for the treatment of sensorineural
hypoacusis.

Cls electrical stimulation would be complementary

to therapies (cell + gene + pharm = better mid-term
results).

Spiral ganglion regeneration and replacement would
be one of the main points to restore hearing function.
Induced pluripotent SCs — limit cell differentiation.
Safest for cHC and cochlear neurons.

embryonic

mesenchymal (bone marrow

and olfactory)
induced pluripotent

Embryonic and induced pluripotent SCs —
ethical and safety considerations.

Choosing the most appropriate olfactory SCs,

due to the existence of a wide variety of
them in the epithelium.
Need for further studies.

Mesenchymal SCs (olfactory) — studies describe the
efficiency of the cells’ potential for successful brain
regeneration. But there is a need for further studies for
better conclusions.

exogenous SCs

Anatomical limitations (access to structures)

and cochlear chemical composition (>K+
content in scala media).

The injection of cHCs into the tympanic scala means
that they can survive, but they are unable to pass the
basilar membrane into the auditory epithelium.

does not specify
(speaks generally)

Reduced number of differentiation in cHC.
Need for regeneration of both inner and
outer cHCs.

Regenerating cochlear potentials in the
appropriate locations.

Cellular markers of the cochlea are similar to those of
intestinal SCs.
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Table 1 continued. Analysis of articles

Mittal et al. [51] USA cellular therapy cochlear fish scala media
2017 gene therapy mice tympanic scala

pharmacological (humans) modiolus

therapy
Mahmoudian-Sani Iran cellular therapy cochlear mice perilymphatic perforation
etal. [32] gene therapy
2017
Simoni et al. [39] Italy cellular therapy cochlear mice tympanic scala
2017 (humans)
Diensthuber & Germany cellular therapy cochlear birds
Stover [2] gene therapy mice
2018 pharmacological (humans)
therapy
Chen et al. [33] China cellular therapy cochlear mice round window
2018 gene therapy
Lee & Park [41] South Korea cellular therapy cochlear mice middle scala
2018 gene therapy tympanic scala
Takeda et al. [34] USA cellular therapy cochlear mice round window
2018 gene therapy (humans) modiolus
Tang et al. [40] China cellular therapy cochlear mice
2018
Hyakumura et al. Australia cellular therapy cochlear mice modiolus
[31] (humans)
2019
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Costa et al. — Cochlear hair cells from stem cells

Table 1 continued. Analysis of articles

embryonic It is not really clear that SCs directly produce Cellular regeneration of the ear for Usher syndrome.

umbilical cord mesenchymal cHC. Tumor formation and apoptosis.
(bone marrow)

The SC option may be the future of ex vivo expansion
More studies are needed in the area —new  of patient’s own SCs (autologous) and their

neural strategies will emerge. reintroduction into the injured tissue.

olfactory Developing cHCs from cochlea support cells — most
promising method to regenerate cHCs.

mesenchymal Bone marrow SCs have the best results among

— bone marrow
— adipose tissue
— olfactory tissue
— umbilical cord

mesenchymal SCs.

embryonic Affecting the complex cytoarchitecture of the Inner ear SCs grow up with good prospects of restoring
hematopoietic cochlea and residual hearing function. hearing.

mesenchymal (umbilical Recover tonotopic cochlear capacity.

cord)

neural

inner ear

induced pluripotent

embryonic Ethical considerations (use of human Induced pluripotent SCs — hold great promise for

adult: embryos). hearing regeneration.

—mesenchymal (bone Further human studies needed. Cl stimulation would be complementary to therapies
marrow) (such as growth factors).

—inner ear

induced pluripotent

embryonic Induced pluripotent SCs — obtained from human urine.
induced pluripotent Embryonic SCs induced from urine to pluripotent
induced SCs.

embryonic Anatomical limitations and cochlear
induced pluripotent chemical composition.
Tumor formation — differentiation and
uncontrolled development.
Expensive procedures.

Cls would be complementary to therapies.

embryonic More studies in humans needed. Pluripotent SCs (embryonic and induced pluripotent
mesenchymal (bone Anatomical limitations (access to structures) SCs) seem to be the most suitable to proceed to ear
marrow) and cochlear chemical composition (>K+ regeneration therapy.
induced pluripotent content in the middle range). Better therapeutic results in the tympanic scala
Time factor — long-term effects of treatment  approach compared to lateral or posterior semicircular
are not known, both at the level of CCC canal.
(survival and behavior). Good completion of transplantation for the inner ear.
Tumor formation.
Differentiation status of SCs when
transplanted.
Access route to the cochlea and its physical
barriers (Reissner’s and basilar membrane).

mesenchymal (bone Create a suitable microenvironment to carry  Electrical stimulation (by electric field) to regulate cell
marrow) out the research and results. behavior.

neural Electrical stimulation through Cls that promotes neural
SCs to differentiate into neurons.

embryonic Studies with pluripotent SCs.

neural Co-cultures concept — meaning manipulating an

pluripotent (human)

environment to resemble in vivo characteristics
(microenvironment).
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Table 1 continued. Analysis of articles

Roccio & Edge [38] Switzerland cellular therapy cochlear mice
2019 gene therapy vestibular (humans)
pharmacological
therapy
Xia et al. [30] China cellular therapy cochlear mice cochlear lateral wall
2019 gene therapy vestibular (humans)
pharmacological
therapy
Wagqas et al. [21] Pakistan cellular therapy cochlear mice scala media
2020 pharmacological tympanic scala (via round
therapy window)
Zhang et al. [37] China cellular therapy cochlear birds
2020 gene therapy fish
mice
Zine et al. [55] France cellular therapy cochlear fish cochlear nerve
2021 gene therapy mice scala media
pharmacological (humans) tympanic scala
therapy modiolus
tympanic scala
(intraperilymphatic and
intraendolymphatic)
Maharajan et al. South Korea cellular therapy cochlear mice
[57] gene therapy (humans)
2021 pharmacological
therapy
Guo et al. [58] China cellular therapy cochlear mice
2021 gene therapy
pharmacological
therapy
Kempfle [53] USA cellular therapy cochlear mice round window
2021 gene therapy (humans) (transtympanic)
pharmacological cochleostomy
therapy
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Table 1 continued. Analysis of articles

Costa et al. — Cochlear hair cells from stem cells

Stem cells (SCs)

classification

Study limitations

Findings and suggestions

induced pluripotent

Complex architecture of the sensory
epithelium. Surgical access.

embryonic
neural
induced pluripotent

Long-term effects of treatment are not
known, both at the level of cHC (survival and

behavior).

Anatomical limitations (access to structures).
More studies needed in the area.

Cls would be complementary to electrical stimulation
therapies.

Embryonic, neural, and induced pluripotent SCs —
relate to cHCs and spiral ganglion.

exogenous
endogenous
embryonic

induced pluripotent

Barriers with tight junctions.

Ethical considerations.
Tumor formation.

Correct incidence on specific cochlear tissue
and insufficient number of SCs residing in

the inner ear.
Expensive treatment.

Induced pluripotent SCs — obtained from human urine.

inner ear More studies are needed in the area on cHCs can be regenerated by SCs, genes, and signaling
growth factors and signals. regulation. Need to inhibit apoptosis, analyze other
genes and maturation — should be done in the future.
embryonic Surgical delivery routes play a huge technical Advanced in research and recent studies in human
induced pluripotent factor in the cochlea. induced pluripotent SCs.
pluripotent Deliver the cells into the anatomic target. Approach by intraperilymphatic injection,
Establish precise cell injection through the intraendolymphatic injection, modiolar, and cochlear
cochlea, while minimizing surgical trauma nerve injection.
and hearing loss. In the close future, a possible regeneration of inner ear
Current limitations to the use of human can include network vascularization and integration
induced pluripotent SCs — extended in vitro  into microfluidic chips.
period of culture, reproducibility, variable
efficiency of tissue derivation, incapacity to
generate cochlear tissues.
Need for more studies in the area and
humans.
embryonic Successful delivery of mesenchymal SCs Different mesenchymal SCs isolation methods with
induced pluripotent to the target sites, and necessary of a almost similar functional characteristics.
mesenchymal suitable microenvironment for survival
and migration.
Transplanted mesenchymal SCs — may cause
immunorejection, inflammation and tumor
formation.
autophagy Complexity of autophagy mechanisms. Some proteins and mRNAs participate in the

(does not include SC)

Current autophagy research — limited to cell
lines, explants and animals, and few clinical
trials have been examined.

Although excessive autophagy can lead to
cell death under some conditions.

Need for more studies in the area.

autophagy and can make them potential targets for
treatment of sensorioneural hearing loss.

embryonic
induced pluripotent
mesenchymal

Need for more studies in the area and

humans.

Endoscopic ear surgery provides a minimally invasive
approach to the inner ear for regenerative therapies.
Possible routes: transtympanic delivery (indirect drug
application into the round window membrane —in
patients with residual hearing), and through the round
window membrane or via cochleostomy (performed
with the endoscope to target in patients without
residual hearing).
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Table 1 continued. Analysis of articles

. Types of . .
Author (year) Country Refl'e'neratlve regenerated Specn.es Anatomical route of
erapy Haificell=}(HEs) (translational) cochlear transplantation

Kwan & White [59] USA cellular therapy cochlear mice

2021 gene therapy (humans)
Lee & Waldhaus [4] USA cellular therapy cochlear birds
2022 gene therapy vestibular fish
pharmacological mice

therapy (humans)

added, resulting in a final number of 39 articles. The flow
chart following the PRISMA guidelines [37] is shown in
Figure 2.

The distribution of papers in the databases shows a grad-
ual increase in number over the years, with the greatest
number being obtained in the period 2005-2010 and in
the last half of the decade (2015-2022). The geographical
distribution (by number of papers) revealed a large con-
tribution from the United States of America (19), followed
by China (5), Switzerland (3), Spain (2), South Korea (2),
Australia (1), Iran (1), Pakistan (1), France (1), Greece (1),
Italy (1), Germany (1), and UK (1).

Discussion

The main focus in cochlear hair cell regeneration research is
cHC regeneration [21,37], sometimes also considering ves-
tibular (VHC) regeneration [30,38,39]. The challenge for the
research covered in this review was to decide upon the most
effective method for such regeneration within the human
ear, since it has complex microstructure and physiology.

In regenerative therapies, there are some studies of cell
therapy alone [40,41]. Others combine cell therapy with
gene therapy [3,42] or with pharmacological therapy
[43,44]. Finally, some studies consider all three — cell ther-
apy, gene therapy, and pharmacological therapy [8,39].

The goal of SC-based replacement therapy in sensorineu-
ral hearing loss is to replace the lost cHCs or neurons of
the spiral ganglion, with the biggest challenge being pre-
cise targeting without disrupting the cochlear architecture
and damaging residual hearing function [45,46].

The complex architecture of the sensory epithelium and
its difficult surgical access are anatomical limitations [39].
Transplantation involves overcoming physical barriers
within the cochlea: Reissner’s membrane, the basilar mem-
brane, the organ of Corti, and the vestibule [29-31,35]. The
importance of a correct incision at the specific cochlear
site is vital to safe SC therapy [30]. Moreover, the growth,
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differentiation, and orientation of the new SCs, plus the
recovery of the incisional regeneration site, are further
considerations [44,46].

This review revealed that the use of embryonic SCs can
trigger uncontrolled cell formation and development, with
increased risk of tumor formation [30,42]. There is also
the possibility of histological incompatibility (i.e. immu-
norejection) [3,47]. To overcome these immunological
barriers, the use of anti-rejection drugs (immunosuppres-
sants) combined with cell therapy is the favoured solu-
tion [7,48,49], and the use of autologous grafts may also
help to circumvent this, as well as prophylactic antibiotic
administration to reduce infection risk [49].

All procedures in regenerative therapies, specifically cell
therapy, are costly, and it is also difficult to create a suita-
ble microenvironment [3,41,42]. Therapies should be ap-
plied according to the cochlear and neural reserve of the
patient [8], keeping in mind that neurodegeneration is
a barrier to the entire regenerative process [6].

Lastly, the narrative review revealed that CIs can comple-
ment SC therapies, promoting electrical stimulation, and
this approach may show better results in the future [30,42].
Electrical stimulation is one of the most important factors
in regulating cell behavior; it influences cell proliferation,
differentiation, and migration. Thus, in the future CIs have
a potential role to assist SCs [30,41].

The long-term effects of treatment on both behavior and
survival of cHCs are not yet known [31,35]. More studies
are needed, namely of various progenitor cell populations,
implications, specific factors, as well as combination and
complementary therapies [3,23].

Sources of stem cells
This review looked systematically at the sources of SCs

(Table 1). The following are the most relevant to audito-
ry regeneration.

2024 Vol. 14 - No. 3
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Table 1 continued. Analysis of articles

Costa et al. — Cochlear hair cells from stem cells

Stem cells (SCs)

classification Study limitations

Findings and suggestions

induced pluripotent

pluripotent observed after damage (in mature

mammalian cochlea). Need for more studies

in the area and humans.

Spontaneous lineage conversion — not

Advanced in research and recent studies.
Neonatal and even mature SCs can be genetically
manipulated.

induced pluripotent

mesenchymal
neural development.
pluripotent Limitations of the pluripotent SCs-based

tissue specific

Limited regenerative capacity and the
potential to isolate SC during mice postnatal vertebrate (e.g. birds and fish).

approaches — cellular output of the present-

Functional hair cell regeneration: non-mammalian

Current research has focused on tissue specific SCs
and pluripotent SCs.
Less explored research: neural SCs and mesenchymal

day protocols. Anatomical limitations of SCs.

the cochlea and organ of Corti (access
to structures) and cochlear chemical

composition (>K+ content).

Need for more studies in the area and
humans (various in vivo and in vitro

approaches in study).

The continued study and use of human induced
pluripotent SCs can open the way to understanding
more complex diseases, like Waardenburg syndrome.

Neural SCs and embryonic SCs

Retain the ability to differentiate into neurons, and this
approach may be suitable for neurodegenerative diseases
such as Alzheimer’s and Parkinson’s. Neural SCs regener-
ate nervous tissue such as neurons and motor function,
expressing cochlear markers faster than embryonal and
mesenchymal SCs. Neural SCs are the fastest to regen-
erate because of their proximity to cochlear tissue [26].
Moreover, neural SCs were among the first to generate
new cHCs in the ear [51]. Their use, together with electri-
cal stimulation via ClIs, leads to their differentiation into
neurons, showing evidence that they can restore hearing
via exogenous transplantation [29,35]. These SCs have the
ability to migrate to important functional structures such
as the mature inner ear [50].

Inner ear SCs

May in future be capable of restoring hearing and benefi-
cial for treating degeneration found in hearing loss, neu-
ropathy, or disorders of the VIII cranial region [25].

Embryonic and induced pluripotent SCs

Embryonic and induced pluripotent SCs related to cHCs
and the spiral ganglion are thought to be the most like-
ly to lead to therapeutic success [31]. Most studies state
that pluripotent SCs (embryonic and induced pluripo-
tent SCs) seem to be the most suitable for ear regenera-
tion therapy [38,52].

Possible routes for SC transplantation

Regarding the anatomical route of cochlear transplanta-
tion, perilymphatic transplantation is less traumatic and
can be done by cochleostomy or through the round win-
dow [37]. Endolymph loss through the cochlear canal is
possible, and bleeding is also possible due to surgery and
cochlear perforation [8,49].

Journal of Hearing Science - 2024 Vol. 14 - No. 3

Developing cHCs from cochlear support cells seems one
of the most promising methods for regeneration [53,54].
Alternative strategies propose using SCs for spiral gangli-
on regeneration together with conventional therapies such
as a CI to maximise patient benefit [23]. Transplantation
via the scala tympani is less traumatic to the cochlea and
can be combined with CI surgery [29]. The modiolus ap-
proach can also be used at the same time as a CI opera-
tion, thus limiting the risk of residual hearing loss. Direct
access to Rosenthal’s canal might be the best method to
access the spiral ganglion [37,55].

Overall, research into transplantation methods is still in-
sufficient, with a need for further anatomical and histo-
logical studies [31,48,56], particularly in human tissues
[10,35,54] and umbilical cord serum [57]. The question
about full or partial recovery of tonotopic cochlear capac-
ity remains to be answered [56,58].

A variety of signaling pathways, including Wnt, Notch,
Hippo-YAP, Hedgehog, LIN28/Let7, key transcriptional
factors (Atohl or Mathl), and fibroblast growth factors,
have been found to be involved in regulating hair cell de-
velopment and regeneration by controlling the expression
of various transcription factors [for review, 13].

Future research trends may involve differentiated action
mechanisms at the cochlear and vestibular level, discrim-
inating between simple loss of SCs (or their ability to pro-
liferate) and their potential as an active regeneration mech-
anism [10]. The need for apoptosis inhibition, the analysis
of other genes, and cell maturation must also be consid-
ered [38,55,59].

Despite ongoing challenges, embryonic and induced pluri-
potent SCs derived from inner ear cultures have already
demonstrated potential for disease modelling and ther-
apeutic trials. However, future continued research is re-
quired to achieve protocol optimisation and to improve
applications and outcomes. The use of patient-derived cul-
tures can facilitate the evaluation of gene therapy efficacy,
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a possibility that has been trialled in other model systems,
such as the eye [60].

The combined use of cell therapy and gene therapy (gene
programming/editing technology) may have more prom-
ising results and strategic applicability, and are likely to be-
come a future research trend. Regardless of the technolo-
gy used, the majority of studies found support the use of
pluripotent SCs. However, the continued threat of having
pluripotent SCs becoming uncontrollable and inducing ge-
netic damage and malignant cell growth is ever-present,
and the potential and fate of these cells in vivo are under
intense investigation.

Conclusions

Inner ear pathology and therapeutic developments have
traditionally relied on animal models, which usually can-
not completely recapitulate the human otic system. These
challenges are now being partly addressed using induced
pluripotent SCs in lab cultures, which generate the sen-
sory epithelial-like inner ear tissues.

Developing pluripotent SCs (embryonic and induced pluri-
potent SCs) seems to be the most promising method for
ear regeneration therapy for cHCs, inserted by cochleos-
tomy or through the round window.

The combined use of cell therapy and gene therapy appears
to be the most promising method. Moreover, advances in
cHC regeneration with stem cells suggest there is a realis-
tic potential to make the technique a useful future therapy.
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Abstract

Introduction: This study aimed to investigate the impact of central and marginal tympanic membrane perforations (TMP) on wideband
absorbance (WBA) and compare it with normal ears.

Material and methods: Three groups of individuals, aged 18 to 50 years: Group I with central TMP (1 =65), Group II with marginal TMP
(n=13), and Group III with normal middle ears (n = 20) were considered. WBA measurements were performed at peak and ambient pressure
conditions across frequencies.

Results: Significant differences in WBA were observed between the groups with central and marginal TMP and the normal ear group across all
frequencies. Central TMP exhibited decreased absorbance at low frequencies and increased absorbance at high frequencies, peaking at 5000 Hz.
Marginal TMP showed peaks at 600, 4000, and 6000 Hz with decreased absorbance at 2000 Hz. Central TMP exhibited lower absorbance than
marginal TMP at lower frequencies, while marginal TMP showed decreased absorbance at mid and high frequencies.

Conclusions: These findings highlight the role of WBA in differentiating normal ears from those with TMP. Understanding TM vibration
patterns and frequency-dependent variations in absorbance enhances diagnostic accuracy and clinical management.

Keywords: wideband absorbance tympanometry o tympanic membrane o central perforation « marginal perforation «
peak/ambient pressure

WZORCE SZEROKOPASMOWE] ABSORBANC]JI U DOROSLYCH Z CENTRALNA
I BRZEZNA PERFORACJA BLONY BEBENKOWE]

Streszczenie

Wprowadzenie: Niniejsze badanie mialo na celu ocene wplywu centralnych i brzeznych perforacji blony bebenkowej (ang. tympanic membrane
perforations, TMP) na absorbancje szerokopasmowa (WBA) i poréwnanie jej z wynikami uszu z nieuszkodzong blong bebenkowa.

Material i metody: W badaniu uczestniczyly trzy grupy osoéb w wieku od 18 do 50 lat: grupa I z centralng TMP (n =65), grupa II z brzezna
TMP (n=13) i grupa III z nieuszkodzong blong bebenkowa (1 =20). Pomiary WBA przeprowadzono w warunkach ci$nienia szczytowego
i ci$nienia otoczenia w réznych czestotliwosciach.

Wyniki: Zaobserwowano znaczace réznice w WBA miedzy grupami z centralng i brzezng TMP a grupag z nieuszkodzong blong bebenkowa
we wszystkich czestotliwo$ciach. Centralna TMP powodowala zmniejszona absorbancje przy niskich czestotliwosciach i zwigkszona
absorbancje przy wysokich czestotliwosciach, z wynikiem szczytowym na 5000 Hz. Brzezna TMP wykazywata wartosci szczytowe na 600,
4000 i 6000 Hz, a zmniejszong absorbancj¢ na 2000 Hz. Centralna TMP powodowala nizsza absorbancje w poréwnaniu z brzezng TMP na
nizszych czgstotliwosciach, podczas gdy brzezna TMP powodowala obnizong absorbancje na $rednich i wysokich czestotliwosciach.

Whioski: Odkrycia te podkreslaja role WBA w réznicowaniu uszu z nieuszkodzong blong bebenkowsg od tych z TMP. Zrozumienie wzorcéw
wibracji TM i zaleznych od czestotliwo$ci zmian absorbancji zwigksza dokladno$¢ diagnostyczna i wptywa na postepowanie kliniczne.

Stowa kluczowe: tympanometria szerokopasmowa « btona bebenkowa e perforacja centralna « perforacja brzezna « ci$nienie szczytowe/otoczenia
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Key for abbreviations

WBT wideband tympanometry

WBA wideband absorbance

™ tympanic membrane

TMP tympanic membrane perforation
Introduction

The primary function of tympanic membrane (TM) is to
transmit sound waves effectively from the external audi-
tory canal through the ossicular chain to the oval window
and inner ear. This crucial process relies on the vibrato-
ry nature of the TM, i.e,, it converts the ear canal’s sound
pressure to the ossicles’ vibrations [1]. The TM can be di-
vided into four quadrants: anterosuperior, anteroinferi-
or, posteroinferior, and posterosuperior [2]. Studies have
shown that the TM exhibits frequency-specific transmis-
sion, indicating its importance in sound transduction [3,4].
However, depending on their location and extent, tympan-
ic membrane perforation (TMP) can have varying effects
on sound transmission.

TMP can be classified according to the perforation site,
whether on the pars tensa or pars flaccida. Central TMP
may involve different quadrants of the TM, with anterior
quadrant TMP extending from the anterior to the malleus
handle, and posterior quadrant TMP extending from the
posterior to the handle of the malleus. Marginal TMP in-
volves a lack of TM borders in specific segments [5] and
the location of the perforation can alter frequency-specif-
ic sound transmission to the ossicles.

Although single-frequency tympanometry with a 226-Hz
probe tone is a commonly used diagnostic tool for evalu-
ating the middle ear system, some studies have reported
low accuracy in identifying middle ear pathologies [6,7].
This is because middle ear disorders produce a significant
change in middle ear structures, including the ossicular
mass, stiffness of the TM, and supporting structures, which
leads to frequency-specific attenuation or filtering [8]. To
overcome these limitations, multi-frequency tympanom-
etry is used, which is superior to standard 226 Hz tym-
panometry. However, it has limitations, such as standing
waves above 1500 Hz, which result in significant differ-
ences in sound pressure levels within the ear canal and,
thus, can interfere with accurate readings at high frequen-
cies [9,10]. To address these challenges, wideband tympa-
nometry (WBT) emerged as an alternative tool to assess
the middle ear system.

WBT measures the amount of sound energy absorbed or
reflected by the ear. A controlled range of sounds is in-
troduced into the ear canal, and then an analysis is per-
formed on how much of that energy is absorbed or reflect-
ed by the eardrum at each frequency. This information
provides insights into the functioning and characteristics
of the middle ear [11,12].

The impact of TMP on wideband absorbance (WBA) meas-
ures on middle ear transmission has been discussed in sev-
eral studies [13-18]. Karuppannan and Barman (2021) [15]
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and Karuppannan et al. (2024) [19] found lower absorb-
ance values in low and mid frequencies, with higher ab-
sorbance observed beyond 4000 Hz under peak pressure
conditions for individuals with TMP. Similarly, Kim et al.
(2019) [17] conducted WBA on individuals with TMP and
noted lower absorbance at low frequencies and higher ab-
sorbance at high frequencies. However, inconsistencies in
the literature have been reported, with some studies [20,21]
indicating higher absorbance at low frequencies in indi-
viduals with TMP. Overall, no consensus exists regarding
frequencies with highly variable energy absorbance pat-
terns reported in individuals with TMP.

This variability in absorbance patterns may be attributed
to the inclusion of different types and locations of TMP.
Even though some studies have shown that the size of the
TMP has more of an impact on transmission than its loca-
tion [22], the fact is that the location of a TMP significant-
ly alters frequency-specific sound transmission [23,24]. It
is therefore essential to study the effect of the location of
TMP on WBA. However, no studies have compared WBA
across different quadrants of the TMP, which is a research
gap. Thus, the current study investigated the effect of the
two types of TMP on WBA measures. The objectives were
to compare, against normal ears with intact TM and un-
der different pressure conditions, WBA across frequencies
for the two TMP types.

Material and methods

Participants

Three groups of participants, aged between 18 and 60
years (mean age 35.2 years; SD = 9.7 years), were recruited
for the study. Group I comprised individuals with central
TMP (mean age, 36.3 years; SD = 6.7 years) (n =65 ears);
Group II included participants with marginal TMP (mean
age, 32.6 years; SD =4.5 years) (n = 13 ears), and Group III
was the normal ear group, consisting of individuals with
intact TM and normal hearing sensitivity (mean age 31.2
years; SD = 2.5 years) (n =20 ears).

The study obtained ethical approval from the Ethical
Committee for Bio-Behavioural Research Involving
Human Subjects at the All India Institute of Speech and
Hearing (approval no. WOF-0404) and adhered to the
ethical principles outlined in the Helsinki Declaration
(2013) for medical research involving human subjects.
The study’s objectives and procedures were explained in
detail to each participant, and written informed consent
was obtained for their voluntary participation before en-
rolment in the study.

Criteria for inclusion

The normal ear group (Group III) had air conduction hear-
ing thresholds of < 15 dB HL in the octave frequencies be-
tween 250 and 8000 Hz, an air-bone gap of <10 dB HL,
speech identification scores of >90%, and uncomforta-
ble loudness level (UCL) of >90 dB HL. All participants
exhibited normal middle ear, as confirmed by single fre-
quency immittance findings showing an “A/As” type tym-
panogram with both ipsi- and contralateral reflexes pre-
sent between 90 and 100 dB HL, along with the presence

Journal of Hearing Science - 2024 Vol. 14 - No. 3



0.9

0.8

0.7

0.6

0.5

Absorbance

0.4

03

0.2

0.1

0.0

Ashokganesh et al. - WBA in TM perforation

S I DD I T D DTSN IENSTSS S D
PELLSLLT LSS S

Frequency [Hz]

Figure 1. Mean WBA values across frequency of the normal ear group (brown), central TMP group (red), and marginal TMP group (green)
as obtained at peak pressure (continuous lines) and ambient pressure (dotted lines)

of transient evoked otoacoustic emissions (TEOAEs)
characterized by a signal-to-noise ratio (SNR) > 6 dB and
reproducibility of > 85%.

Ears with central and marginal TMP (Group I and II) ex-
hibited isolated dry TMP, i.e., without any active discharge
and with no other pathologies associated with the TMP.
In central TMP, the perforation was localized around the
umbo or malleolar handle (pars tensa region), with the TM
remaining intact around the bony canal. Marginal TMP
was confined to the TM margins. These findings were
confirmed by an experienced otologist. Ears with TMP
(central and marginal) had conductive hearing loss (air-
bone gap > 10 dB) and a pure tone average not exceeding
60 dB HL. Tympanometry revealed a “B” type tympano-
gram [11] with an absent measurable peak using a 226 Hz
probe tone and absent acoustic reflexes between 500 and
4000 Hz at octave frequencies.

Procedure

Participants were seated comfortably during the exper-
iment without any movement. Each participant was in-
formed of the testing methods, which involved inserting
a probe tip into the ear canal to create an airtight seal,
generating pressure, and presenting click stimuli. Titan
Suite IMP440 v. 3.0 was used for WBA measurements. A
wideband click stimulus of 100 dB peSPL was delivered
while the pressure was automatically swept from +200 to
-400 daPa at a medium-level pump speed of 200 daPa/s.
WBA values were automatically calculated across fre-
quencies by averaging the click stimulus response over
32 sweeps. Absorbance values at 16 individual frequencies
bins, i.e. 1/3rd octave bands, were considered for analysis.

WBA values range from 0.0 to 1.0, with 1 indicating com-
plete absorption of sound energy by the middle ear and
0 indicating total reflection. The Titan IMP/WBT440
module displays WBA across frequencies at two pressure

conditions: ambient pressure (0 daPa) and peak pressure.
Absorbance values were noted at both peak pressure
and ambient pressure conditions extracted from WBA.
Preliminary testing (PTA and immittance audiometry)
and WBA testing were done on the same day.

Statistical analysis

A non-parametric test was used for analysis because the
Shapiro-Wilk test (p > 0.05) showed a non-normal distri-
bution of data across frequencies. A Kruskal-Wallis test
was used to determine whether or not there was a sta-
tistically significant difference between the medians of
the three independent groups. Pairwise comparisons of
groups were performed using the Mann-Whitney U-test.
The Wilcoxon signed rank test was used for within-group
comparisons to study the difference in absorbance be-
tween each group’s peak and ambient pressure conditions.
A p-value <0.05 was considered significant for all statis-
tical analyses. Cohen’s d was used to measure effect size
and identify true significant values [25].

Results

Figure 1 shows the mean WBA pattern measured at peak
and ambient pressure.

The normal ear group (Group III) exhibited a bell-shaped
absorbance pattern. The mean WBA was lowest at 250 Hz,
then increased steeply with increasing frequency to two
maxima at 1250 and 2000 Hz and reduced to a minimum
at 6000 Hz and above. The central TMP group (Group I)
exhibited lower mean absorbance at low and mid frequen-
cies up to 2500 Hz compared with the normal ear group.
The absorbances were identical near 4000 Hz and then in-
creased at higher frequencies (5000, 6000, and 8000 Hz)
compared to the normal ear group.
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Compared with the normal ear group, ears with mar-
ginal TMP showed almost similar absorbance levels up
to 500 Hz, lower absorbance at mid-frequencies up to
3000 Hz, and higher absorbance at frequencies above
4000 Hz. The WBA pattern of the marginal TMP group
displayed three peaks at 600, 4000, and 6000 Hz. The mean,
median, and standard deviation of WBA values across
frequencies and at both peak and ambient pressures are
shown in Table 1. The test done under both peak and am-
bient pressure conditions displayed an almost identical
pattern.

The comparison of WBA obtained across groups was per-
formed using the Kruskal-Wallis H-test and revealed a sig-
nificant difference (p <0.05; df=1) between the groups.
Subsequently, pairwise comparisons between the groups
were made using the Mann-Whitney U-test to explore
whether significant differences existed between the groups
at each frequency. Table 2 summarises the results of the
Mann-Whitney U-test.

Significant statistical differences were observed across
all frequencies between the normal ear and central TMP
groups. There were moderate to large effect sizes at al-
most all frequencies, except at 3000 Hz in the peak pres-
sure condition and 300 and 400 Hz in the ambient pres-
sure condition. Similarly, between the normal ear and
the marginal TMP group, significant statistical differenc-
es were observed across all frequencies, except at low fre-
quencies (250 to 500 Hz) in both pressure conditions and
600 Hz in the ambient pressure condition, with moderate
to large effect sizes.

Between the central and marginal TMP groups, statisti-
cally significant differences were observed at 500, 600, and
5000 Hz in both pressure conditions and at 2000 Hz in the
ambient pressure condition. Of these significant differenc-
es, moderate to large effect sizes were seen at frequencies
at 500 and 600 Hz under both pressure conditions and
2000 Hz under ambient pressure conditions.

The Wilcoxon signed-rank test revealed a significant dif-
ference between the pressure conditions in the normal
ear group at low frequencies up to 1000 Hz and at mid-
-frequencies of 2000 and 2500 Hz, with moderate to strong
effect sizes. In the central TMP group, a significant differ-
ence between peak and ambient pressure was observed
only for frequencies from 250 to 500 Hz, 1250 Hz, and
2500 Hz. However, the effect size was too small to be con-
sidered as significant. For the marginal TMP, a significant
difference with a strong effect size was observed at 800 Hz
and from 2000 to 5000 Hz.

Although the current study revealed a significant differ-
ence between the pressure conditions, the WBA pattern re-
mained nearly identical in both pressure conditions across
all groups. A summary of the Wilcoxon signed rank test
is tabulated in Table 3.

Discussion

The WBA pattern observed in the normal ear group was
smooth, broad, and double-peaked. Individuals with nor-
mal TMs exhibited low absorbance at 250 and 8000 Hz,
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with maxima at 1250 and 2000 Hz. The present study’s
finding coincides with those of Karuppannan and Barman
(2021) [15]. These frequencies reflect where the middle
ear’s stiffness and mass dominate [26]. Reduced absorb-
ance below 1000 Hz reflects the stiffness-controlled mid-
dle ear system, whereas at higher frequencies the middle
ear system is mass-dominated; both lead to impedance
mismatch and reflection of sound energy. Between 1000
and 3000 Hz, the stiffness and mass components cancel,
allowing energy to pass into the middle ear [20].

For both pressure conditions, the central TMP group
exhibited lower absorbance values at low and mid-
-frequencies, with medium values around 2500 Hz and
higher absorbance beyond 3000 Hz compared with the
normal TM group. These findings are consistent with pre-
vious studies [15,17,19], which reported reduced absorb-
ance values in the low and mid-frequency range for ears
with TMP. This decreased absorbance may be attribut-
ed to the lower ratio of the affected eardrum area to the
oval window area and to the buckling effect. Tonndorf
and Khanna’s (1972) classic study on frequency-specific
vibration of the TM [3] revealed that the membrane vi-
brated cohesively at lower frequencies but that TMP dis-
rupts this normal vibratory pattern, necessitating a larg-
er area for low frequencies. This requirement could lead
to decreased absorbance, potentially reduced absorbance
at low frequencies.

Contradictory results are also apparent and documented in
the literature, with studies reporting increased absorbance
at low and mid frequencies in ears with TMP in compari-
son to individuals with intact TM [20,21,27]. Previous au-
thors with contradictory findings to those displayed here
have attributed this phenomenon to an increase in mass
within the middle ear caused by TMP, which allows low-
frequency energy to easily enter the middle ear [26]. At
higher frequencies, there are some inconsistencies between
our work and that of previous authors, with some studies
reporting normal or near-normal absorbance [27,28] al-
though others, consistent with the current work, see in-
creased absorbance at higher frequencies [15,20,29]. One
animal study has found reduced absorbance at higher fre-
quencies [24]. The increased absorbance measured in the
current study at higher frequencies can be ascribed to
shorter wavelengths easily passing through large TMPs.

To our knowledge, no studies have measured WBA in in-
dividuals with marginal TMPs. The present study revealed
they had similar absorbance to the normal ear group up
to about 500 Hz, low absorbance at mid-frequencies up
to 3000 Hz, and higher absorbance at frequencies above
4000 Hz. The WBA pattern of the marginal TMP group
displayed three peaks at 600, 4000, and 6000 Hz, together
with a dip at 2000 Hz. The rationale behind this can be un-
derstood by examining the physiology of sound transmis-
sion through the TM. Most participants had marginal TMP
in the posterior quadrant. Since the resonant frequen-
cy of the posterior quadrant of the TM is approximately
2000 Hz [3], damage to this quadrant can lead to a reduc-
tion in sound transmission at 2000 Hz and give a signifi-
cant decrease in absorbance. Most of the TM responsible
for low-frequency transmission remains intact, perhaps
accounting for an absorbance pattern similar to that of
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Table 1. Descriptive statistics (mean, SD, and median) of WBA obtained at peak and ambient pressure conditions in the normal ear
group, central TMP group, and marginal TMP group

250 0.14 0.14 0.05 0.09 0.09 0.06 0.13 0.12 0.08
300 0.17 0.17 0.06 0.12 0.13 0.09 0.17 0.17 0.12

400 0.24 0.24 0.07 0.17 0.16 0.14 0.26 0.26 0.20

500 033 032 0.1 021 0.18 0.17 0.32 0.24 0.24

600 0.45 0.44 0.12 025 021 021 0.36 0.21 030

800 0.64 0.66 0.12 0.26 0.24 0.20 0.29 0.25 0.21

1000 0.76 0.78 0.08 0.28 031 0.16 0.28 0.28 0.22

beak 1250 0.8 0.8 0.07 031 0.35 0.10 021 0.23 0.16
pressure 1500 0.79 0.8 0.09 033 036 0.13 0.19 0.22 0.17
2000 0.83 0.86 0.11 0.34 032 0.14 0.19 0.24 0.03

2500 0.76 0.8 0.18 0.44 0.32 0.24 033 034 023

3000 0.61 0.61 0.18 0.44 0.28 0.49 0.42 0.25 0.41

4000 037 0.38 0.17 0.56 0.22 0.54 0.52 0.18 0.53

5000 0.25 022 0.11 0.60 0.16 0.57 0.44 021 0.54

6000 0.19 0.18 0.09 0.48 0.19 0.44 0.54 0.22 0.50

8000 0.2 0.18 0.1 0.44 0.23 0.43 0.37 0.17 034

250 0.13 0.13 0.04 0.09 0.10 0.07 0.14 0.12 0.14

300 0.16 0.16 0.05 0.13 0.12 0.10 0.18 0.16 0.17

400 0.23 0.23 0.07 0.19 0.16 0.16 0.27 0.26 0.20

500 031 03 0.09 0.22 0.18 0.20 0.38 0.23 0.29

600 0.42 0.42 0.12 0.25 0.21 0.20 0.41 0.24 032

800 0.61 0.63 0.11 0.26 0.25 0.16 034 0.29 0.20

1000 0.74 0.73 0.09 0.30 0.32 0.16 0.28 0.28 023

Ambient 1250 0.79 0.8 0.07 034 0.32 0.19 0.20 0.23 0.16
pressure 1500 0.79 0.81 0.09 0.35 0.36 0.28 0.18 0.23 0.17
2000 0.83 0.88 0.11 0.36 0.36 0.21 0.12 0.20 0.19

2500 0.76 0.82 0.18 0.45 0.32 031 0.24 032 027

3000 0.61 0.64 0.17 045 0.27 0.47 0.36 0.22 0.34

4000 0.36 0.38 0.16 0.56 021 0.54 0.49 0.17 051

5000 0.25 0.22 0.12 0.61 0.18 0.59 0.43 0.21 0.54

6000 0.19 0.17 0.1 0.49 0.17 0.47 0.54 021 0.48

8000 021 0.21 0.1 0.43 0.17 0.40 0.36 0.16 034
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Table 2. Pairwise comparison between the groups (Mann-Whitney U-test) of WBA obtained between the normal ear, central TMP
and marginal TMP groups, together with effect size at peak and ambient pressure conditions. The bolded font indicates a significant
difference with medium to large effect size. Significance levels: *p < 0.05; **p < 0.01

ErEaeie Frequency Normal vs central TMP Normal vs marginal TMP Central vs marginal TMP
condition [Hz] 5 p o 5 p ¢ P p G

250 3.81  <0.01* 0.41 1.43 0.15 0.25 1.06 0.28 0.12

300 345  <0.01* 037 0.88 0.37 0.15 1.33 0.18 0.15

400 333 <0.01* 0.36 1.03 030 0.18 1.13 0.25 0.12

500 403 <0.01* 044 1.62 0.10 0.28 2.29 0.02*  0.35

600 464 <0.01* 0.1 1.95 0.05*  0.34 2.15 0.03*  0.34

800 514  <0.01* 056 3.64 <0.01*  0.63 0.23 0.81 0.02

1000 480 <0.01** 0.52 401  <0.01* 0.70 0.04 0.96 0.00

beak 1250 499 <0.01* 0.54 476 <0.01** 0.82 0.68 0.49 0.07

pressure 1500 447  <0.01* 0.9 476 <0.01** 083 1.12 0.26 0.12

2000 502 <0.01*  0.55 479 <0.01* 0.83 1.10 0.27 0.12

2500 453  <0.01* 0.49 313 <0.01* 054 0.00 0.99 0.00

3000 2.43 001*  0.26 2.17  <0.01* 038 0.22 0.82 0.02

4000 3.08 <0.01*  0.33 226 <0.01*  0.39 0.30 0.75 0.03

5000 6.29 <0.01**  0.69 2.46 0.01* 043 2.10 003* 023

6000 579  <0.01*  0.63 438 <0.01* 0.77 0.63 0.52 0.07

8000 436 <0.01** 047 2.87 <0.01* 050 0.76 0.44 0.08

250 299  <0.01*  0.32 0.51 0.60 0.09 1.35 0.17 0.15

300 239 <001 026 0.11 0.91 0.02 134 0.17 0.15

400 2.06 003* 022 0.33 0.74 0.03 0.99 0.32 0.11

500 3.24  <0.01* 035 0.24 0.81 0.03 276  <0.01** 0.31

600 443  <0.01* 0.48 1.01 0.31 0.18 275  <0.01* 031

800 491 <0.01* 0.53 2.80 <0.01*  0.52 0.93 0.34 0.10

1000 444 <001 0.48 409 <0.01* 0.76 0.04 0.96 0.00

Ambient 1250 464 <0.01** 0.53 480 <0.01** 0.83 1.22 0.21 0.13

pressure 1500 437 <001 0.47 477  <0.01* 0.83 1.74 0.08 0.19

2000 494 <0.01* 0.54 482 <0.01* 0.83 2.25 0.02*  0.35

2500 438 <0.01* 0.48 3.57  <0.01*  0.62 1.29 0.19 0.14

3000 2.38 0.01*  0.26 2.87  <0.01*  0.50 1.01 0.31 0.11

4000 3.35  <0.01* 036 204  <0.01* 0.35 0.92 035 0.10

5000 6.09 <0.01** 0.66 2.35 0.01*  0.41 236 001* 026

6000 585 <0.01* 0.64 431 <001 075 0.63 0.52 0.07

8000 3.88  <0.01* 0.42 278  <0.01*  0.52 0.65 0.51 0.07
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Table 3. Wilcoxon signed rank results, its significant level of WBA, and effect size obtained across frequencies between pressure
conditions (peak and ambient) across the groups. The bolded font indicates a significant difference with medium to large effect size.

Significance levels: *p < 0.05; **p < 0.01

Normal ear group

Central TMP group

Marginal TMP group

Frequency
[Hz] z 14 r z p r z P r
250 2.57 0.01* 0.57 1.89 0.05* 0.23 0.71 0.47 0.19
300 2.57 0.01* 0.57 2.13 0.03* 0.26 0.81 0.41 0.22
400 1.95 0.05* 0.43 1.94 0.05* 0.24 0.51 0.95 0.14
500 2.75 <0.01** 0.61 2.40 0.01* 0.29 1.57 0.11 0.43
600 2.84 <0.01** 0.63 0.80 0.42 0.09 1.24 0.21 0.34
800 2.93 <0.01** 0.65 1.00 0.31 0.12 2.01 0.04* 0.55
1000 2.84 <0.01** 0.63 0.46 0.64 0.05 0.30 0.75 0.08
1250 0.05 0.95 0.01 1.90 0.05* 0.23 0.59 0.55 0.16
1500 0.96 0.33 0.21 1.07 0.28 0.13 0.85 0.93 0.23
2000 2.53 0.01* 0.56 0.31 0.75 0.03 1.68 0.03* 0.46
2500 1.98 0.04* 0.44 2.11 0.03* 0.26 2.49 0.01* 0.68
3000 1.6 0.1 0.36 1.59 0.11 0.19 2.43 0.01* 0.67
4000 1.3 0.18 0.29 1.09 0.27 0.13 243 0.01* 0.67
5000 0.49 0.62 0.11 1.36 0.17 0.16 1.86 0.05* 0.51
6000 0.89 0.37 0.2 1.70 0.08 0.21 0.05 0.95 0.01
8000 0.89 0.37 0.2 0.35 0.72 0.04 1.07 0.28 0.29

normal ears. Additionally, the absorbance peaks at 4000
and 6000 Hz may be attributed to the complex vibratory
pattern of the TM as discussed by Tonndorf and Khanna
[3]. Moreover, higher absorbance at high frequencies might
be linked to shorter wavelengths, enabling sound energy
to pass through the TMP more effectively.

When the central and marginal TMPs are compared, it ap-
pears that marginal TMP exhibited greater absorbance at
lower frequencies (up to about 1000 Hz). Conversely, cen-
tral TMP showed greater absorbance at mid and high fre-
quencies (except at 6000 Hz) under both peak and ambi-
ent pressure conditions. This difference may be attributed
to the intact central portions in individuals with margin-
al TMP, which are responsible for transmitting lower fre-
quencies. In contrast, greater transmission of higher fre-
quencies in individuals with central TMP might be linked
to the shorter wavelengths involved.

The current study also analyzed the difference in WBA be-
tween peak and ambient pressure conditions. Generally,
the presence of a measurable peak is not commonly ob-
served with a TMP. However, the present study obtained
WBA measurements at peak pressure for the TMP group,
possibly due to use of a wide-frequency stimulus. Our re-
sults align with the findings of other studies [15,17,19].

In the normal ear group, WBA measured at peak pressure
was significantly higher at 250 to 1000 Hz compared to
ambient pressure, while no difference was found at high
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frequencies. These findings are in line with previously re-
ported studies [30,31]. The difference is attributed to the
greater mobility of the TM at peak pressure, a condition
where maximum energy enters the middle ear [32]. Under
ambient pressure conditions, differences in the ear canal
and in middle ear pressure can induce either positive or
negative pressure, affecting the TM’s stiffness and gener-
ating larger impedance, leading to reduced absorbance at
low frequencies [33,34].

The study’s findings on central TMP revealed a significant
difference in WBA between the pressure conditions at 250
to 500 Hz and at about 2500 Hz, although there was a small
effect size. The difference might be due to the presence of
a large TMP. In contrast, individuals with marginal TMP
exhibited a significant difference between ambient and
peak pressure conditions at 800 Hz and 2000 to 5000 Hz,
with medium to large effect sizes. This difference in pres-
sure conditions may be due to factors such as TMP size
and the point of contact between the TM and the sulcus
in marginal TMP.

Conclusion

This study demonstrates the effectiveness of WBA in dis-
tinguishing between central and marginal TMP. The ob-
served distinct WBA patterns among different types of
TMP highlight its potential as a valuable diagnostic tool in
clinical settings. Furthermore, the study’s outcomes point
to possible reasons behind the contradictory findings in
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previous studies, suggesting the need for more stringent
subject selection criteria. Furthermore, the study under-
scores the importance of TMP types and highlights the
need for further investigation into the size and precise lo-
cation of perforations within specific quadrants, although
it did not address size variations within TMP groups.
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Abstract

Introduction: Frequently, bone conduction hearing aids on a softband are not tolerated by children due to pressure on the head or visual
esthetics. By way of contrast, a non-surgical hearing system — Adhear (Med-El, Innsbruck, Austria) — allows the sound processor to be attached
using a noninvasive adhesive adapter. The objective of this study was to evaluate the effectiveness of the Adhear system and assess its subjective
benefits in a child who had bilateral conductive hearing loss.

Case report: The Adhear system was tested in a 13-year-old child with bilateral conductive hearing loss. Pure tone audiometry and speech
audiometry in quiet were performed without and then with a pair of devices placed bilaterally. Word recognition scores (WRS) at 50 and
65 dB SPL in quiet were measured using the Pruszewicz monosyllabic Polish word test. After 4 weeks, subjective hearing benefit and experience

with the Adhear system was done using the APHAB (Abbreviated Profile of Hearing Aid Benefit) questionnaire.

Results: With Adhear, WRS at 50dB SPL increased significantly from an unaided score of 10% to 80%. The result of free-field audiometry
with Adhear on both sides indicated a hearing level within the normal range.

Conclusions: Adhear is an effective rehabilitation option for children with bilateral conductive hearing loss.

Keywords: Adhear « bone conduction hearing aid « bilateral conductive hearing loss

SKUTECZNOSC URZADZENIA NA PRZEWODNICTWO KOSTNE
ADHEAR ZALOZONEGO OBUSTRONNIE U DZIECKA Z NIEDOSLUCHEM
PRZEWODZENIOWYM: OPIS PRZYPADKU

Streszczenie

Wprowadzenie: Aparaty stuchowe na przewodnictwo kostne na elastycznej opasce czgsto nie sg tolerowane przez dzieci ze wzgledu na ucisk na
glowe lub estetyke wizualng. Natomiast niechirurgiczny system stuchowy — Adhear (Med-El, Innsbruck, Austria) - umozliwia przymocowanie
procesora dzwieku za pomocg nieinwazyjnego, samoprzylepnego elementu mocujacego. Celem niniejszego badania byla ocena skutecznosci
systemu Adhear i subiektywnych korzysci z jego stosowania u dziecka z obustronnym niedostuchem przewodzeniowym.

Opis przypadku: System Adhear zostal przetestowany u 13-letniego dziecka z obustronnym niedostuchem przewodzeniowym. Audiometrig¢
tonalng i audiometrie¢ mowy w ciszy wykonano najpierw bez urzadzen, a nastepnie z parg urzadzen, umieszczonych obustronnie. Wyniki
rozpoznawania stow (WRS) przy 50 i 65 dB SPL w ciszy mierzono za pomoca testu identyfikacji polskich stéw jednosylabowych Pruszewicza.
Po 4 tygodniach subiektywne korzysci stuchowe i doswiadczenia z systemem Adhear zostaly ocenione za pomocg kwestionariusza APHAB
(Abbreviated Profile of Hearing Aid Benefit).

Wyniki: Dzigki systemowi Adhear wynik WRS przy 50 dB SPL wzrdst znaczaco - z 10% do 80%. Wynik audiometrii w polu swobodnym
z Adhear po obu stronach wykazal poziom slyszenia w zakresie normy.
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Whioski: Adhear jest skuteczng opcja rehabilitacji dla dzieci z obustronnym niedostuchem przewodzeniowym.

Stowa kluczowe: Adhear « aparat stuchowy na przewodnictwo kostne « niedostuch przewodzeniowy obustronny

Introduction

Early identification of hearing loss and ear diseases is key.
According to hearing aid guidelines, a child with hearing
impairment should be diagnosed before 3 months of age
and fitted with a hearing aid before 6 months [1]. The se-
lection and fitting of hearing aids for young patients is a
complex diagnostic process that requires the cooperation
of specialists in various areas [2,3]. The most important
element in the selection of hearing aids is proper fitting
and assessing the device’s effectiveness.

Not all patients can be compensated for their hearing loss
with classic air-conduction hearing aids. They include
those with defects in the outer or middle ear, chronic otitis,
or other inflammatory conditions. Typically, these subjects
will have conductive or mixed hearing loss and require
the use of bone conduction to allow the external sound
to reach the inner ear directly, in this way bypassing dam-
aged structures at the level of the outer and/or middle ear.

Bone conduction involves the transmission of sound
through the bones of the skull to the inner ear. A bone
conduction hearing aid changes the captured sound signal
into vibrations of the bones of the skull, stimulating the
fluids in the inner ear directly [4]. Unlike the many dif-
ferent models of classic hearing aids, there are only a few
bone conduction devices available. They can be mounted
on the patients head using soft bands or eyeglass frames.
These solutions are often not well accepted by children with
conductive hearing loss because of head pressure, skin ir-
ritation, sweating, discomfort during long use, poor sound
quality, or cosmetic stigma [5,6].

Another solution for patients with conductive hearing loss
is a non-surgical hearing system, Adhear. The Adhear sys-
tem (Med-El Innsbruck, Austria) is a nonsurgical bone
conduction hearing aid, available since 2017, which uses
an adhesive patch to connect the sound processor to the
skull. The device has a symmetrical design so it can be
used on either ear. It is intended for patients with con-
ductive hearing loss or unilateral deafness, either tempo-
rary or permanent. There are no age restrictions to us-
ing the device, and it is suitable for children as young as
a few months. The Adhear system consists of a bone con-
duction audio processor that is held in place with an ad-
hesive adapter placed over the mastoid behind the auricle
(Figure 1). An integrated transducer in the sound proces-
sor converts sound into mechanical vibrations, which are
carried by the adhesive adapter and transmitted through
the skin to the mastoid and then directly to the inner ear.

The audio processor has dual microphones and is powered
by a single P13 battery. A button allows the user to switch
between programs, the number depending on the age and
expectations of the user. There is a volume control, which
can be turned off for the youngest users. The signal pro-
cessor uses an automatic classifier to control the adaptive
directional microphone system and suppress feedback. The
proprietary adhesive adapter uses a non-toxic, non-aller-
genic medical adhesive tape to attach the adapter to the
skin and provide good sound quality without pressure on
the head or skin. It is water resistant and breathable, and
can be used continuously for 3-7 days [7,8]. In compar-
ison, bone conduction hearing aids on soft bands are of-
ten not well accepted by children because of head pres-
sure, sweating, or visual stigma. The lack of a headband
makes the system less conspicuous and more comfortable.

Figure 1. Right ear showing Adhear adapter (left) and processor in place (right)
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Westerkull and colleagues presented the principles of a
self-adhesive adapter and its capabilities and advantages
in 2018 [9]. During development, the device was called
Adjoin, but later marketed under its current name, Adhear.
Two papers discussing the physics of adhesive transmission
in bone conduction and summarising results from sever-
al other authors have confirmed its effectiveness [7,10].
These two works set out the results of pre-clinical test-
ing and provide comparisons to the established soft-band
arrangement.

Implantable devices using bone conduction of sound can
also be used to improve hearing in patients with conduc-
tive hearing loss. Bone conduction implants are indicat-
ed for candidates who could not benefit from convention-
al hearing aids. The available implantable hearing devices
nowadays are subdivided into two major categories: pas-
sive (e.g., BAHA - either Connect/Attract — or the Ponto
device by Oticon) and active (e.g., Med-El Bonebridge
and the Osia system by Cochlear). These devices are in-
dicated in patients with stable bone conduction hearing
thresholds within the recommended manufacturer’s range.
Bone conduction implants are a solution for patients over
5 years old [11]. Bilateral bone conduction fitting was
successfully done and audiological benefits and patient
satisfaction were shown [11].

For patients for whom previous surgical procedures have
not given adequate benefits and for whom classic hearing
aids cannot be used (or for various reasons decide against
implantable solutions), bone conduction hearing aids are
the only option to improve hearing.

For both non-invasive and implantable devices, research
has emphasized the importance of early auditory rehabili-
tation for normal age-appropriate quality of life. Each case
needs to be analyzed individually, looking at audiologi-
cal aspects as well as the patient’s subjective assessment.
The emotional and behavioral difficulties involving chil-
dren and adolescents with mild to profound hearing loss
are primarily linked to concerns about relationships with
peers. In this context, language and communication are
important for the psychosocial development of children,
as they are the main means of establishing and maintain-
ing social interactions [12].

This paper presents a case report. Due to the specificity of
the disorder, it is difficult to collect large material, and at
present only a few papers have been published showing
the bilateral use of the Adhear system in children. There
is a need for more detailed research in this area. The pur-
pose of this study was to evaluate the safety and efficacy
of bilateral fitting of the non-invasive Adhear bone con-
duction device in a child with conductive hearing loss.

Case report

This case concerns a 13-year-old female with bilateral con-
ductive hearing loss due to congenital defect of the mid-
dle ears (Figure 1). The patient had used bilateral hear-
ing aids. She had a history of chronic middle ear disease
and interventions including ventilation tubes, but with no
improvement in hearing. Due to chronic inflammation,
the child could not use conventional hearing aids during

Cywka and Skarzynski— Effectiveness of Adhear bilaterally

treatment. Attempts were made to use bone conduction
hearing aids on a soft band, but these were rejected due
to the child’s discomfort and reluctance. Due to deformi-
ty of the auricles, the parents are considering reconstruc-
tion and they do not want an implantable solution at this
stage. After reviewing various bone conduction hear-
ing aids, and based on audiometry and medical history,
the Adhear system was selected bilaterally.

Methods

Hearing tests for air and bone conduction were done.
After the bone conduction devices were selected and set
up, sound field thresholds and a word recognition test with
and without the device were done. Sound field thresh-
olds with the devices on both sides were measured using
warble tones at 0.25, 0.5, 1, 2, 3, and 4 kHz with loud-
speakers placed 1 m in front of the patient. Word recog-
nition scores at 50 and 65 dB SPL in quiet were measured
with speech coming from the front using the Pruszewicz
monosyllabic Polish word test. Subjective evaluation of
benefits from the Adhear were assessed using the APHAB
questionnaire (Abbreviated Profile of Hearing Aid Benefit).
APHAB comprises 24 questions about auditory functioning
grouped into four categories: EC (Ease of Communication);
BN (Background Noise); RV (Reverberation); and AV
(Aversiveness). The patient completed the questionnaire
before the devices were fitted and again one month after
the Adhear system was fitted.

Results

Results of pure tone audiometry, free-field audiometry,
and speech audiometry in quiet are shown in Figures 2,
3, and 4. The result of free-field audiometry with Adhear
on both sides indicated a hearing level within the normal
range, with results better than 25 dB HL (Figure 3). With
Adhear in place, WRS at 50 dB SPL increased significantly
from an unaided score of 10% to 80% (Figure 4).

The results of the APHAB questionnaire confirm the ben-
efits of the Adhear system (Figure 5). The most significant
benefit was in the category of speech understanding in dif-
ficult acoustic conditions (RV), a factor that is particular-
ly important for children. The AV scores were higher with
the device, probably because the child needed more than
a month to adapt to the new sounds. Adaptation time is
individual and can take several months.

Discussion

The audiological performance of the new device benefits
from the low weight of the adhesive adapter, improved
mechanical transmission, and, compared to a softband,
a better position for stimulation close to the ear canal [13].
In 2019, Neumann and colleagues presented the first
study evaluating the audiological and clinical outcomes
of Adhear [14], where, in short- and mid-term follow-
ups in children under 10 years of age, it was compared
with conventional bone conduction devices integrated in
softbands. The comparisons established that sound field
thresholds (in quiet and noise) and WRSs were statistical-
ly indistinguishable between the devices. However, com-
pared to the softband users, the Adhear children achieved

53

Journal of Hearing Science - 2024 Vol. 14 - No. 3



Case Reports ¢ 51-56

Frequency [Hz]
125 250 500 1000 2000 4000 8000

i
o

m
inm
m

=)
(=}
|9

[C N
oS o

~
=)

Hearing level [dB]

=23
S

—
o v
S o

=
=)

N
o

Figure 2. Pure-tone audiometry
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Figure 3. Free-field audiometry with Adhear system on both
sides

significant improvements in thresholds at 1 and 8 kHz im-
mediately after the first attachment, and needed no accli-
matization time. The Adhear users achieved a mean WRS
within normal limits (91%) in quiet and experienced only
slight difficulties (78%) in noise.

Dahm et al. also reported good hearing benefits in 12
cases of Adhear use [15]. The aided threshold averaged
30.8 dB HL (SD +7.1) compared to an unaided threshold
of 45.1 dB HL (SD +7.0). Speech reception threshold in
quiet was 56.8 dB (+ 6.1) and improved to 44.5 dB (+ 6.4)
in the aided condition, while WRS improved by about 30%
at 65 dB SPL. Two questionnaires, SSQ12 and AQoL-8D,
demonstrated a statistically significant improvement
following 2 weeks of device use.

A clinical study by Skarzynski and colleagues [7] com-
pared Adhear with a softband solution as well as with
a magnetically attached bone conduction implant. Users of
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the implant received comparable hearing benefits to those
who used Adhear. Mean aided sound field thresholds and
speech understanding in quiet and noise were similar.

A study by Urik et al. [16] compared the results of pa-
tients with Bonebridge implants and with those using
the Adhear system. There were 15 children with conduc-
tive hearing loss and using the Adhear device who were
included in the study. In 5 cases, the Adhear device was
used bilaterally. In this group, mean free-field outcomes
improved from the unaided condition of 28.1 £ 0.9 dB HL
to 17.3+2.9 dB HL. In our presented case, free-field out-
comes with bilateral Adhear were also within the range
of normal hearing (Figure 3). Urik and colleagues also
measured speech outcomes in quiet in 13 of their Adhear
patients and this revealed a mean benefit of 23.1 £2.6.
Speech-in-noise outcomes resulted in a mean benefit of
16.4 +12.0 for the Adhear group. Patient quality of life was
also assessed and, as in the present study, confirmed the
benefits of the device: the AQoL-6D utility score for the
Adhear group was 0.75 +0.17 and improved to 0.85 +0.15
with use of the device.

A study by Liu et al. [17] has demonstrated the high ef-
fectiveness of the Adhear device in children with bilat-
eral conductive hearing loss. The aim of their study was
to characterize the auditory benefit and sound localiza-
tion accuracy of bilateral bone conduction adhesives de-
vices compared to unilateral devices. The mean unaided
sound field hearing threshold was 57.9 £ 5.1 dB HL, while
the mean aided hearing threshold for the right ear was
32.4+5.3 dB HL, for the left ear it was 32.0 +5.6 dB HL,
and for both ears it was 27.8 £ 5.3 dB HL. The mean un-
aided WRS was 4.6 + 13.1%, while the mean aided WRS
was 83.0 + 10.1% for the right ear, 81.6 + 14.5% for the left
ear, and 90.3 +10.2% for both ears. In terms of sound lo-
calization accuracy, the MAE (mean absolute error) was
43.5+19.0° in the unaided condition, 70.0 + 8.5° for the
right ear, 69.3 +9.4° for the left ear, and 51.2 + 14.8° for
both ears. It is worth noting that the average MAEs in-
creased (worsened) significantly under unilateral fitting
conditions. The results of Liu et al., like the present paper,
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Figure 5. Results of APHAB questionnaire after 1 month of Adhear use

suggest that bilateral use of the Adhear system has a sig-
nificant beneficial effect on speech perception; in addition,
the study showed a better ability to localize sound in the
bilateral mode compared to unilateral.

There are now many papers showing the results of using
the Adhear system in children and adults [7,8,14,18-22].
Our results complement existing studies in the area of bi-
lateral use of Adhear in children, and confirm the system’s
effectiveness in improving hearing, speech understanding,
and quality of life.
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Following the last conference two years ago, the latest
HeAL conference took place on 6-8 June 2024. This bien-
nial conference brings together delegates from around the
world, offering an opportunity to share experiences and
expand their knowledge. This year’s conference focused
on contemporary audiology and related hearing sciences.
Speakers presented results of centre-based studies, multi-
centre clinical trials, and research protocols.

The Institute of Physiology and Pathology of Hearing
(IPPH) was represented by Prof. Piotr H. Skarzynski,
Natalia Czajka, PhD, Aleksandra Kolodziejak, MSc,
Ewelina Bukato, MSc, and Rita Zdanowicz, MSc.

At the opening ceremony, Dr Ferdi Grandori introduced
the objectives of the conference, and in the early audito-
ry training session, Dr Natalia Czajka presented two pa-
pers on Skarzynski’s Stimulator of the Polymodal Sensory
Perception. First she outlined ways in which therapy in
our centre is conducted and set out what the Stimulator
could do. In the second part, she presented the results
of in-patient and home therapy. She demonstrated

IPPH representatives at the HeAL conference: (from left) Rita
Zdanowicz, Aleksandra Kotodziejak, and Ewelina Bukato

Natalia Czajka presenting the results of in-patient and home
therapy

the statistically significant effectiveness of both in-patient
and remote therapy.

On the second day of the conference, Aleksandra
Kolodziejak presented a paper on Symptoms of audito-
ry processing disorders (APD) in children with tinnitus,
Ewelina Bukato presented one on Summary of the imple-
mentation of the 12 years of hearing screening programs
amonyg first and sixth grades attending the primary school,
and Rita Zdanowicz gave a pesentation on Normative val-
ues of tests assessing auditory processing disorder (APD) for
children aged 6 to 12. All three received a lot of interest
from the audience due to the impressive numbers of pa-
tients examined. There were also questions from the audi-
ence, who were interested to learn about the working and
research methods at our centre.

Dr Sofya Vikhnina presented interesting results in her pa-
per, Central auditory processing disorders in children with
congenital cytomegalovirus infection, which focused on
children with cochlear implants. The results showed that
children with congenital CMV and a cochlear implant
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Ewelina Bukato and Rita Zdanowicz at the poster session

perform worse than other CI users. The poorer outcomes
may be due to CMV involvement in the nervous system
as well as central auditory processing disorders.

In the Teleaudiology session, Matthew Bush compared re-
sults of clinical tonal audiometry with those of three hear-
ing testing apps: EarTrumpet, Hearing Test & Ear Age Test,
and Shoebox. There was a good correlation, both in pa-
tients with hearing loss and in those with normal hear-
ing. The next presentation was Telehealth and simulated
patient learning environments: preparing students for the
changing face of healthcare. The main themes of the pa-
per were an overview of Aston University’s telehealth ac-
tivities including the development of telehealth, examples
of innovative telehealth practice, and challenges and the

60

future in telehealth teaching. Next, Jamiee Rich present-
ed Healthy Ears: A telehealth-facilitated randomised-con-
trolled trial utilising the “Blow, Breathe, Cough” health pro-
motion programme to resolve otitis media with effusion in
children. The aim was to assess whether implementation
of Blow, Breathe, Cough into an innovative telemedicine
service model would increase the effectiveness of treat-
ment of OME.

In the final part of the session, Greta Barnabei presented
Ear Portal: Using asynchronous teleaudiology to improve
access to ear, nose and throat services for children with oti-
tis media in an urban area. The aim was to provide an in-
troduction to the Ear Portal telehealth system which is a
hospital-based system designed to reduce waiting times
for children wanting to see an ENT specialist. The system
has been proven to be work well: it is cost-effective and,
as expected, has reduced waiting times to see a specialist.

In the poster session, the Institute of Physiology and
Pathology of Hearing team presented six papers:

Organisational aspects and results of the hearing screen-
ing programme in first-grade children in the Mazowieckie
voivodeship,

Hearing screening in school-aged children from Kyrgyzstan:
results of screening and observations,

Pilot hearing screening in school-aged children from
Armenia, Russia, Kyrgyzstan and Azerbaijan,

Use of portable music players and other noise-related risks
among children aged 11-12 years,

Aptitude of parental suspicion of hearing loss in children,
Prevalence of tinnitus in a sample of 43,064 children in
Warsaw.

All were of great interest due to the impressive size of the
study groups and the unexpected results.
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Dear Colleagues,

The “Journal of Hearing Science” is pleased to publish
the abstracts submitted for the 7th International
Conference on Hyperacusis and Misophonia
(ICHM?).

The ICHM?7 takes place on 15-17 September 2024
in Warsaw, Poland. Three days of the conference
will be filled with talks from a multi-disciplinary
group of world-renowned keynote speakers bringing
together studies of audiology, ENT, mental health,
neuroscience, epidemiology, psychoacoustic,
psychometry, neurology, and other areas. The program
will feature key medical, surgical, rehabilitative,
and mental health opinion leaders from the clinical
and laboratory research sphere. We will also hear
from persons who have lived with the experience of
hyperacusis and misophonia and their families.

We are happy to welcome to Warsaw oto-rhino-laryngologists, audiologists, psychiatrists,
psychologists, speech and language therapists, hearing aid dispensers, social workers,
neuroscientists, researchers, and other professionals who are involved in research or care for
patients with tinnitus, hyperacusis, and misophonia.

We wish you a productive and exciting meeting!

Prof. Henryk Skarzynski, MD, PhD, dr. h.c. multi
Honorary President
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Hyperacusis in Fragile X model of autism and chronic
stress-induced hyperacusis

Salvi R.
Center for Hearing and Deafness, University at Buffalo, NY, USA
Objective 1

Introduction: The biological mechanisms underlying hyper-
acusis are poorly understood, but medical conditions and
genetic factors associated with this disorder could provide
insights on underlying causes and treatments. Human in-
vestigations suggest that chronic stress may contribute to hy-
peracusis, but experimental evidence for this view is limited.

Material and methods: We pharmacologically induced
chronic stress in rats by chronically administering corticos-
terone (CORT) stress hormone in drinking water. Loudness
measures were obtained by measuring rat reaction time-
intensity (RT-I) functions before and after chronic CORT
treatment.

Results and conclusions: CORT treatment significantly re-
duced reaction times at suprathreshold intensities, behavioral
evidence of loudness hyperacusis. Electrophysiological stud-
ies showed no change in the neural output of the cochlea in
CORT-treated rats; however, sound evoked neural respons-
es from higher auditory centers were significantly enhanced,
evidence of sound-evoked neural hyperactivity in the central
auditory pathway. Rats were tested for sound avoidance hy-
peracusis using an Active Sound Avoidance Paradigm (ASAP)
in which sounds of increasing intensity were used to “drive” a
rat from a preferred dark enclosure to a bright, open “avoid-
ance” arena. Following Chronic CORT treatment, a 90 dB
broadband noise was much more effective in “driving” the
rat from the preferred dark enclosure into the bright, open
“avoidance” arena, evidence that chronic stress had induced
sound avoidance hyperacusis.

Objective 2

Introduction: Many individuals with autism and autism spec-
trum disorder (ASD) exhibit hyperacusis. Fragile X (FX) syn-
drome, a leading genetic cause of ASD, is associated with
CGG expansions near the Fmr1 gene resulting in FMRP pro-
tein deficiency.

Material and methods: We tested for loudness hyperacusis
in FX syndrome by comparing RT-I loudness growth func-
tions from male rats lacking the Fmrl gene with WT rats.

Results and conclusions: Fmrl knockout and WT rats had
similar thresholds in quiet, however, Fmrl knockout rats

had significantly shorter reaction times at suprathreshold in-
tensities than W'T rats for pure tones and broadband noise,
behavioral evidence of loudness hyperacusis in Fmrl knock-
out rats. Temporal integration of loudness was evaluated by
measuring reaction time as a function of stimulus duration.
Reaction times decreased as duration increased from 50 to
300 ms in WT rats, evidence of temporal integration of loud-
ness. Reaction time in Fmr1 knockout rats were shorter than
WT rats and RTs showed little change with duration, evidence
of aberrant temporal integration in Fmrl rats. The MTEP-
mGlu5 receptor has been implicated in autism. To investi-
gate its role in hyperacusis, reaction-time intensity functions
were measured in Fmrl knockout rat and WT rats before
and after treatment with an MTEP mGlu5 receptor antago-
nist. The MTEP mGlu5 receptor antagonist had no effect on
the reaction times of WT rats, whereas it dose-dependently
increased reaction times in Fmrl KO rats to values similar
to those WT rats. These results suggest that MTEP-mGlu5
antagonists might be clinically effective at suppressing loud-
ness hyperacusis in individuals with ASD.

Prof. Richard ]. Salvi has conducted numerous studies on
plasticity of the central auditory system, sensory hair cell loss
and regeneration, noise-induced hearing loss, tinnitus, hy-
peracusis, auditory perception, brain imaging, cell death and
neuroprotection.

Exploring the neurochemical and psychophysiological
basis of misophonia and hyperacusis

Ward J.!, Rinaldi L.!, Ronen 1.2, Agbude R.}, Forster S.},
Makowski D.!, Simner J.!

! School of Psychology, University of Sussex, Brighton, UK
2 Brighton and Sussex Medical School, Brighton, UK

Misophonia and hyperacusis are typically defined in terms of
a narrow versus broad range of trigger sounds and are often
linked to different aspects of a sound (sound meaning for mis-
ophonia, loudness for hyperacusis). However, co-morbidity
between these conditions suggests possible mechanistic over-
lap. In two studies we examine the neurochemical and psy-
chophysiological basis of misophonia (using a validated
questionnaire) and hyperacusis (based on uncomfortable
loudness thresholds). The technique of magnetic resonance
spectroscopy (MRS) uses MRI to estimate the concentration
of excitatory and inhibitory neurotransmitters in the brain,
enabling us to explore whether either type of sound intoler-
ance is linked to general levels of excitability in key regions of
the brain (auditory cortex, insula). No differences were found.
In a separate experimental study, participants engaged in an
attention-demanding visual task whilst concurrently measur-
ing responsiveness to task-irrelevant sounds (in terms of level
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of distraction, psychophysiological responsiveness). Here we
do find that different aspects of the task are differentially sen-
sitive to misophonia and hyperacusis. Misophonia is linked
to heightened responsiveness to sounds whereas hyperacusis
is linked hyper-vigilance.

Jamie Ward is a Professor of Cognitive Neuroscience in the
School of Psychology at the University of Sussex, UK. He spe-
cialises in individual differences in perception and its neural
and cognitive basis.

Loudness hyperacusis: mechanisms of loudness
perception and their breakdown

Moore B.C.].

Cambridge Hearing Group, Department of Psychology, University
of Cambridge, UK

There may be several different forms of hyperacusis (Tyler
et al., 2014). This presentation is concerned with “loudness
hyperacusis”, for which sounds with medium and high lev-
els appear to be louder than normal. The normal perception
of loudness can be understood using a model that takes into
account the processing of sounds in the peripheral auditory
system (Moore et al., 1997). This model has been modified to
take into account the perception of loudness by people with
cochlear hearing loss (Moore and Glasberg, 2004). The model

predicts the loudness recruitment that typically is associated
with cochlear hearing loss, and it also predicts that hearing
loss can sometimes be associated with “over-recruitment’, so
that some sounds appear louder than normal. However, the
model does not account for abnormalities of loudness per-
ception, like hyperacusis, that can occur for people with nor-
mal or near-normal audiograms. This suggests that factors
associated with higher levels in the auditory system need to
be taken into account. The effects will be discussed of several
factors that are not currently taken into account in the loud-
ness model, but that can influence the perception of loudness.
These include: the functioning of the efferent system that reg-
ulates the active mechanism in the cochlea; central plastici-
ty and adaptation effects; the influence of visual stimuli; and
the influence of the perceived properties of the sound source.

Brian Moore is Emeritus Professor of Auditory Perception in
the University of Cambridge. His research focuses on the per-
ception of sound by people with normal and impaired hearing,
and on the design and fitting of hearing aids. He is a Fellow of
several prestigious societies, such as the Royal Society of London
and the Academy of Medical Sciences. He has received the
Silver and Gold medals from the Acoustical Society of America,
and awards from the American Academy of Audiology, the
Association for Research in Otolaryngology, and the American
Auditory Society. He has an Honorary Doctorate from Adam
Mickiewicz University, Poland. He has published 22 books and
over 700 refereed journal articles.

Workshops

4C Hyperacusis/Misophonia Management Questionnaires:
a method to enhance patient’s readiness for therapy

Aazh H.

Hashir International Specialist Clinics & Research Institute for
Misophonia, Tinnitus and Hyperacusis, London, UK

Patients may not choose therapies involving talking, such as
cognitive behavioural therapy (CBT), as the first choice for
managing issues related to their health, including hyperacu-
sis and misophonia, despite the research evidence supporting
the effectiveness of such therapies. The first choice is usual-
ly to seek a medical cure. In the absence of a medical cure,
patients with hyperacusis and misophonia believe that only
way to cope is by using avoidance and ritualist behaviours
(e.g., over use of ear protection, isolating themselves, avoiding
certain environments or people, telling people not to make
noise, and so on). Therefore, the decision to take part in a
therapy programme instead of engaging in avoidance and
ritualist behaviours constitutes a change. One of the reasons
in favour of the status quo and against the change is the pa-
tient’s lack of confidence in their ability to make the change
(i.e., they are not confident that they can abandon avoidance
behaviours and rituals and learn a different way of manag-
ing their problem). For example, a patient with misophonia
may think that “I do not think that I can control my anger
even with CBT. It is easier to avoid people at mealtimes” or
a person with hyperacusis may think “I can avoid pain in
my ears by avoiding loud sounds, but I doubt that I can use
CBT to avoid pain?” This workshop aims to: (1) discuss factors
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related to improving patient’s readiness and motivation for
therapy, (2) practise utilising 4C Hyperacusis and Misophonia
Management Questionnaires. Using 4C questionnaires helps
the clinician to encourage the patient to explore their own
strengths, motivations and resources that can help them to
learn and apply the CBT skills in order to manage their hy-
peracusis or misophonia without relying on avoidance and
ritualist behaviours, (3) report psychometric properties of
the 4C questionnaires.

Dr. Hashir Aazh is an academic clinician and over the last 20
years he has developed and managed several Tinnitus Clinics
in the UK. His clinical and research interest is on rehabilitative
therapies for tinnitus, hyperacusis and misophonia for children
and adults. He was the head of the specialist tinnitus clinic at
the Royal Surrey County Hospital NHS Foundation Trust UK
for over a decade (2010-2021). He has written over 50 scien-
tific papers in the field of Audiology and has trained over 1000
audiologists, psychologists and other healthcare profession-
als in his Tinnitus Masterclass. Hashir is Honorary Hearing
Research Consultant at the Royal Surrey NHS Foundation
Trust (UK), Affiliate Associate Professor at Florida Atlantic
University (USA) and Visiting Research Fellow at the University
of Surrey (UK). He has served as Managing Editor of the jour-
nal Noise and Health, Associate Editor of the International
Journal of Audiology, Editor-in-Chief of the journal Iranian
Audiology, a member of the Editorial board of the journal
Auditory and Vestibular Research, and the Secretary of the
British Society of Audiology.
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Differential diagnosis between misophonia and mental
health disorders

affe .].
Private Practice, Sherman Oaks, CA, US

Assist audiologists in distinguishing misophonia from other
mental health issues that would most appropriately be re-
ferred to mental health services. Audiologists are increas-
ingly learning to use CBT (cognitive behavioral therapy) to
assist their patients with misophonia management, following
a structured plan developed for their implementation. While
this approach might be helpful for patients, it is incumbent
upon providers to recognize limitations when deeper issues
may be present. Misophonia typically presents with several
features that could also, or instead, indicate a more complex
mental health condition. For example, misophonia patients
commonly exhibit high degrees of perfectionism, rigidity, and
excessive preoccupation with rules, including harsh judgment
of others who - in their view — are disrespectful of their rules.
But these can also be symptoms of OCD (obsessive compul-
sive disorder) or OCPD (obsessive-compulsive personality
disorder), which need to be addressed by a qualified men-
tal health professional. There are other frequent concurrent
symptoms indicative of underlying co-occurring psycholog-
ical problems involving depression, anxiety, self-injury, or
possible history of trauma. Several case studies will illustrate
these distinctions and highlight the significant role of psy-
chotherapists in collaboration with audiologists or ENTs in
treatment of misophonia and tinnitus.

Jaelline Jaffe, PhD, has been a licensed psychotherapist in
Southern California since 1976, working with individu-
als, couples, and medical issues, which led to her establish-
ing LemonAidCounseling.com. For the past dozen years, her
practice has focused almost exclusively on sound sensitivity
disorders, mainly Tinnitus and Misophonia. She has worked
with many hundreds of Misophonia patients from age 8 to 70,
mostly with teens and young adults, who often find her via her
website, SensitiveToSound.com. Dr. Jaffe often works in con-
Jjunction with audiologists across the US to assist their patients
with the intense emotional and family issues associated with
Tinnitus, Misophonia, and Hyperacusis. She has presented on
these topics at numerous professional conferences for audiol-
ogists as well as for psychotherapists. Dr. Jaffe is a cofounder
and Board member of the Misophonia Association, and also
program coordinator for their annual convention for hundreds
of patients and families. The 11th annual convention will take
place in November 2024 in Atlanta, GA. Dr. Jaffe is author
of the upcoming book “These Sounds are Driving Me Crazy!”
Training for Mental Health Professionals in Treating Sound
Sensitivity Disorders.
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Using the Duke Misophonia Questionnaire and Duke
Misophonia Interview in evidence-based treatment
planning for adults

Rosenthal M.Z.
Duke University, Durham, NC, USA

This 90-minute workshop will provide an overview of clin-
ical procedures used at the Duke University Center for
Misophonia and Emotion Regulation to assess and develop
treatment plans for adults with misophonia. Dr. Rosenthal
will review how to use the Duke Misophonia Questionnaire
(Rosenthal et al., 2021) and Duke Misophonia Interview (DMI;
Guetta et al., 2022) as psychometrically validated assessment
measures for misophonia in the context of other assessment
approaches. Using a combination of quantitative and qual-
itative measurement, treatment planning will be discussed
using an evidence-based transdiagnostic model for behav-
ioral health. Specific candidate interventions will be out-
lined using approaches that are brand specific (e.g., Unified
Protocol adapted for Misophonia; McMahon et al., 2023) as
well as those that are brand agnostic and individually tailored
to each patient (e.g., Process based therapy for Misophonia;
Rosenthal et al., 2023). All behavioral health treatment plan-
ning will be discussed within the broader framework of a
multi-disciplinary model of care (e.g., audiology, occupational
therapy, psychiatry, etc.). The primary goal of this workshop
is to provide attendees with a clear framework to assess and
treat misophonia that combines the use of psychometrical-
ly validated measures with qualitative functional analyses to
develop transdiagnostic and evidence-based individualized
treatment plans for adults with misophonia, all within a mul-
ti-disciplinary framework.

Dr. M. Zachary Rosenthal is a clinical psychologist, Associate
Professor, and Director of the Duke Center for Misophonia and
Emotion Regulation. He is a clinician, scientist, educator, men-
tor, and advocate and has a lived experience as a loved one of
someone with Misophonia.
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Oral Presentations

Audiologic assessment in misophonia

Campbell ., Feeley A.

Department of Speech, Language, and Hearing Sciences, Central
Sensory Processes Laboratory; University of Texas, Austin, TX,
USA

The recent misophonia consensus definition states “Miso-
phonia is a disorder of decreased tolerance to specific sounds
or stimuli associated with such sounds” (Swedo et al., 2022).
Although designated as a decreased sound tolerance disor-
der, little information is provided on the typical audiolog-
ic profile of these patients (Campbell et al., 2023; Ralston
and Campbell, 2024). There is some evidence that extend-
ed high frequency pure tone testing may reveal significant-
ly better thresholds in adults with normal thresholds and
minimal tinnitus (Campbell, 2019), suggesting that in nor-
mal hearing, atypical auditory perception may be related to a
‘heighted awareness’ of sound (Campbell et al., 2023). Thus,
the goal of this study is to complete an audiologic battery
on normal-hearing listeners with misophonia to determine
whether heightened awareness of sound may be likely (via
extended high frequency thresholds and speech-in-noise out-
comes), without hyperacusis being present (via ULL meas-
ures and the Khalfa HQ). Twelve individuals with misophonia
were compared to twelve normal-hearing controls for right
and left PTA, high frequency PTA, extended high frequency
PTA, and QuickSIN scores. In the misophonic group, audio-
metric measures were correlated with the Duke Misophonia
Questionnaire subscales. No significant group differences
were found, nor correlations between audiometric data and
misophonic symptoms. However, it was of interest that all
participants with misophonia scored positive on the Khalfa
HQ, indicative of hyperacusis, while ULL results were in the
normal range. Clinical implications of these preliminary find-
ings and future research are discussed.

Julia Campbell obtained a clinical doctorate in Audiology
(AuD) and triple research doctorate in Speech, Language, and
Hearing Sciences, Cognitive Neuroscience, and Behavioral
Neuroscience (PhD) from the University of Colorado at Boulder.
Currently she is a Clinical Associate Professor in the Department
of Speech, Language, and Hearing Sciences at the University of
Texas at Austin, where she serves as the Audiology Program
Director and PI of the Central Sensory Processes Laboratory.
Julia Campbell also serves as the chair of the scientific advisory
board for the Misophonia Research Foundation. Julia’s research
interests are focused on the identification of an objective meas-
ure of tinnitus using EEG, and she has published on this and
related topics in the “‘American Journal of Audiology”, “Journal
of Speech, Language, and Hearing Research”, and the “Journal
of the American Academy of Audiology”, among others.
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Clinical assessment of hyperacusis
Branco-Barreiro EC.

Department of Phonoaudiology, Federal University of Sao Paulo,
Brazil

Hyperacusis is a hearing disorder characterized by an in-
creased sensitivity to everyday environmental sounds. There
is no objective test to confirm its existence. Therefore, it needs
to be assessed by subjective measures. There is no standard
protocol for evaluating hyperacusis. A minimum protocol
should include audiological tests, loudness discomfort lev-
els and self-report questionnaires.

Prof. Fatima Cristina Alves Branco-Barreiro has a degree in
Audiology and Speech Therapy, Master’s Degree in Audiology
and PhD in Neuroscience and Behavior. She is a Professor of
Audiology and Otoneurology at the Federal University of Sao
Paulo, Brazil.

Combining psychoeducation, sound exposure and
counseling in hyperacusis therapy

Thieren S.', van Dommelen P2, Benard M.R.!

! Department of Audiology; Pento Speech and Hearing Centers,
Apeldoorn, The Netherlands

? Department of Child Health, The Netherlands Organization for
Applied Scientific Research TNO, Leiden, The Netherlands

Introduction: Hyperacusis is characterized by an increased
sensitivity to everyday sounds. Patients with hyperacusis find
sounds that are normal to others intolerably loud and un-
comfortable. This can cause emotional distress and avoid-
ance of sounds and noisy environments. So far, there is a
clinical need in finding a hyperacusis therapy. Extensive ef-
forts have been made to develop treatments for hyperacusis,
including cognitive behavioral therapy, tinnitus retraining
therapy, counseling, hearing devices, pharmacological ther-
apy, and more. Nevertheless, there is no established clinical
treatment for hyperacusis.

Objective: Our main objective was to investigate if combining
psychoeducation, sound exposure and counseling in a clin-
ical setting could possibly result in an useful clinical tool to
help people with hyperacusis.

Material and methods: All patients were referred by General
Practitioners and Ear, Nose and Throat Specialist to the
Speech and Hearing Centers situated in Hengelo and Zwolle,
The Netherlands. The patients primary complaint was an in-
tolerance to sounds. A total of 30 patients without hearing
loss, 15 males and 15 females, aged between 24 and 76 years
were included in this study. First of all, the patients received
psychoeducation about the functioning of the auditory sys-
tem and counseling and information associated with hyper-
acusis. After the auditory assessment, they made a selection
of their five most disturbing sounds from our database with
daily sounds. During the therapy sessions, the social worker
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carefully fine-tuned the volume to reach a safe maximum lev-
el, consistently monitoring the patient’s physical and emo-
tional reactions during the procedure. The sound intensity
on the audiometer was incrementally raised until a range of
70-80 dB sound pressure level was reached across the ses-
sions. Subsequent therapy sessions occurred biweekly. Short-
-term effects between the start and the end of therapy were
based on tolerable level of sound exposure, subjective level
hinderance of hyperacusis and sensitivity to sound using the
Hyperacusis Questionnaire. The long-term effect was based on
Hyperacusis Questionnaire six months after the end of thera-
py. Linear mixed effects and regression models were applied
to study outcomes over time.

Results: Results showed a significant increase of exposure lev-
el, a significant decrease in sensitivity to daily sounds, and a
significant decrease in Hyperacusis Questionnaire between the
start and the end of therapy. The mean number of sessions
during therapy was six and ranged between four and eight.
There was no significant change in Hyperacusis Questionnaire
after the end of therapy and 6 months later. This study has
been evaluated for people without hearing loss. Furthermore,
it is recommended to clarify the influence of both tinnitus
and hearing loss on the therapy result.

Conclusions: The therapy decreased short- and long-term
sensitivity to sound in patients with hyperacusis. The ther-
apy had a positive impact on the daily life of patients with
hyperacusis by reducing auditory sensitivity, not only for
the sounds used in the therapy sessions, but also a transfer
to daily sounds, therefore making this exposure therapy an
effective therapy.

Sandrien Thieren started her study Speech-Language Pathology
and Audiology at the University of Leuven, Belgium. After she
received her Master’s degree in Speech-Language Pathology,
she obtained her Master’s degree in Audiology. After completing
her studies, she started working in the Netherlands as a clinical
audiologist. Since 2019, she works as an audiologist at Pento
Hearing and Speech Centers, where she sees children and adults
from diagnosis to rehabilitation. Her area of expertise and
research interests is on tinnitus and hyperacusis.

Diagnosis and treatment of misophonia and hyperacusis
based on the neurophysiological model

astreboff M.M.!?, Jastreboff P.J.!

! JHDE Inc., Guilford, CT, USA
2 Department of Otolaryngology, Emory University School of
Medicine, Atlanta, GA, USA

Hyperacusis and misophonia are subcategories of decreased
sound tolerance. They may occur individually, but frequently
they take place concurrently. In both disorders people exhibit
reduced tolerance to sounds normally not bothersome for the
average listener and reactions to bothersome sounds are very
similar, even identical. However, there are distinctive differ-
ences between these conditions which are essential in their
differential diagnosis and their treatments. Detailed patients’
interview is necessary, with questions focusing on descrip-
tion of bothersome sounds, situations associated with sound,
reactions to sound, and how they affect everyday activities,
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identifying pleasant sounds and other factors influencing the
responses to bothersome sounds. Reactions to sound of hy-
peracusis patients depend predominantly on physical charac-
teristics of the sound, particularly to sound energy (linked to
its intensity). The meaning of the sound is irrelevant as well
who/what produces it and in which environment. The loud-
ness discomfort levels (LDLs) are lower than normal average
value of 100 dB HL and they are typically below 80 dB HL.
Unfortunately, low values of LDLs cannot be used as a proof
of hyperacusis presence as low values can be due to misopho-
nia as well. It is postulated that the problems experienced by
patients arise from abnormal amplification of sound-evoked
activity within the auditory system, with other systems in the
brain activated only as secondary consequence. In misopho-
nia sound evoked activity within the auditory system is nor-
mal, but improper connections between the auditory system
and other systems in the brain develop at subconscious level
as a result of temporal association of the presence of miso-
phonic triggers with negative emotional or physical situation.
The values of LDLs can be from as low as 20 dB HL to 120 dB
HL and cannot be used to diagnose the presence of misopho-
nia. Detailed patients” interview is essential. Desensitization
with the variety of sounds has been proposed and success-
fully used to reverse abnormal gain within the auditory path-
ways and by this treat hyperacusis for many years already. The
sounds and the protocols of their use are modified to follow
guidelines of the neurophysiological model. The advice about
the use of sound is combined with counseling focusing on
explanation of mechanisms of hyperacusis. For misophonia
treatment based on passive and active extinction of subcon-
scious conditioned reflexes is implemented, with stress on the
principle of complex conditioned stimuli and on involvement
of generalization principle. Detailed counseling, tailored to
the case of a specific patient, is crucial to achieve a success-
ful outcome of the treatment. The treatments for hyperacu-
sis and misophonia are distinctively different and treatment
for hyperacusis is not successful for misophonia and treat-
ment for misophonia has limited effectiveness for hyperacusis.
Analysis of over 200 patients with decreased sound tolerance
showed an over 80% success rate of significant improvement.

Margaret M. Jastreboff, PhD has been involved in tinnitus
and decreased sound tolerance research since 1984, and on a
full-time basis since 1991 while working at the University of
Maryland School of Medicine. Her experimental work encom-
passed the study of the mechanisms of tinnitus using molecular
biology, pharmacology, and behavioral techniques, including
testing drugs for their effectiveness for tinnitus attenuation. She
has been involved in clinical work for over 30 years while work-
ing first as an Associate Professor at Emory University, later as
a Visiting Research Professor at Towson University and current-
ly at JHDE, Inc. Collaborating closely with her husband Pawel
J. Jastreboff, PhD, in 2001 she proposed a concept, name and
treatment for specific a version of decreased sound tolerance -
misophonia — when patients exhibit negative reactions to spe-
cific for a given patient patterns of sound. After over 35 years
in academia, where she was involved in basic science and clin-
ical research, teaching Au D students and treating patients, she
become a President of JHDE, Inc., a non-profit foundation ded-
icated to research and education in the field of tinnitus and de-
creased sound tolerance as well as treating patients.
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Evaluation of hearing in noise performance in patients
with misophonia: preliminary results

Oztiirk Ozdes N."?, Tokgéz Yilmaz S.2°

! Department of Audiology and Speech Disorders, Institute of
Health Sciences, Ankara University, Ankara, Turkey

2 Vestibular and Speech Disorders Diagnosis and Rehabilitation
Center, Ankara University Ibn-i Sina Hospital Audiology;
Ankara, Turkey

? Department of Audiology, Faculty of Health Sciences, Ankara
University, Ankara, Turkey

Introduction: Misophonia is a condition of showing ex-
cessive and negative emotional reactions to certain sounds.
People with this condition experience intense emotions such
as extreme anger, disgust or anxiety to sounds that are com-
mon in everyday life, such as chewing, clicking, breathing,
swallowing or clicking a pen. Although it has been report-
ed that misophonia may affect hearing, sleep, concentration
and emotional well-being, it has not been determined exact-
ly how hearing skills are affected.

Aim: The aim of this study was to evaluate the hearing in
noise performance in patients with misophonia.

Material and methods: The participants consisted of 8 adult
individuals who presented to the Audiology, Balance and
Speech Disorders Diagnosis and Rehabilitation Unit of
Ibn-i Sina Hospital, Ankara University Faculty of Medicine,
Ankara, Turkey, with the complaint of misophonia and 8 adult
controls. Each participant underwent audiologic evaluation
(pure tone audiometry, speech audiometry, immitansmetric
examination, speech tests) and decreased sound tolerance as-
sessment (scales and questionnaires, loudness discomfort lev-
el measurement). Khalfa Hyperacusis Scale (HQ), Misophonia
Symptom List (MSL) and loudness discomfort level measure-
ment (LDL) were used together to differentiate decreased
sound tolerance. Individuals who were reported to have nor-
mal hearing on audiologic evaluation and who were moder-
ately or severely disturbed by at least three sounds on the MSL
were included in the misophonia group. The Turkish hearing
in noise test (HINT) adaptive, test in noise front condition
was administered to all participants in two conditions, with
and without the presence of the misophonic stimulus. The
HINT test was initiated at 65 dB, whereas the misophonic
stimulus was presented at the same level of intensity as in dai-
ly life. The signal-to-noise ratio of the two HINT conditions
were compared within themselves and with the control group.

Results: Hearing in noise performance was worse in the in-
dividuals with misophonia compared to the control group
(p <0.05). Hearing in noise performance was better in the
presence of a misophonic stimulus than in the absence of
a misophonic stimulus. However, this difference was not
statistically significant (p > 0.05).

Conclusions: Individuals with misophonia may experience
hearing in noise problems, especially in the presence of trig-
gering stimuli. Future studies should be planned to evaluate
this situation and should be taken into consideration when
evaluating the effects of misophonia.
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Nazife Oztiirk Ozdes is a research assistant in audiology at
Ankara University, Turkey and a PhD student in her thesis
period. Her main academic interests are tinnitus, decreased
sound tolerance and auditory processing. She is currently work-
ing in the audiology clinic of Ankara University, Turkey, where
she is interested in the diagnosis and rehabilitation of tinni-
tus and decreased sound tolerance. In addition, she has been
working on the development of a rehabilitation program for
individuals with hyperacusis and misophonia. She is also a
volunteer research assistant at Hashir International Specialist
Clinics & Research Institute for Misophonia, Tinnitus and
Hyperacusis. She is a student member of the International
Society of Audiology.

Examining cognitive, emotional, auditory, and family
functioning in children with misophonia

Siepsiak M., Turek A., Michatowska M., Gambin M.
Faculty of Psychology, University of Warsaw, Poland

Misophonia typically emerges during childhood, yet research
in this demographic is limited. This study aimed to investi-
gate a wide range of characteristics in young individuals with
misophonia. We examined 90 Polish children between the
ages of 7 and 18, including a control group, along with their
parents, utilizing interviews, audiological assessments, ques-
tionnaires, and performance-based tests. The first set of re-
sults has already been published. Among the main findings,
it was observed that children with misophonia did not sig-
nificantly differ from their peers in terms of developmental
disorders, emotional and social competencies, head injuries,
epilepsy, tinnitus, or perinatal factors. However, they exhib-
ited higher levels of anxiety and depression, an increased in-
cidence of OCD, migraines, and psychosomatic complaints.
Additionally, their mothers more frequently self-reported
postpartum depression compared to mothers in the control
group. The results not yet published can be categorized into
three aspects of functioning: 1) Regarding hearing loss and
the seven assessed tests of so-called central auditory process-
ing, no significant group differences were found (p >.05).
However, the misophonia group demonstrated faster reac-
tions to visual stimuli tests. 2) Concerning cognitive func-
tioning, children with misophonia outperformed the control
group in divided attention (p =.038, Cohen’s d = .62) and in-
hibitory control (p = .004, Cohen’s d =.76). In logistic regres-
sion, better inhibition emerged as a significant predictor for
the likelihood of having misophonia, even after adjusting for
gender and IQ. No significant group differences were observed
in cognitive speed processing, auditory short-term memory,
abstract reasoning, verbal reasoning, mean grades for school
performance, and behavior. 3) The data on parental stress and
the relationship between the child and parent are currently
under analysis and will be presented during the conference.
The results of this study are in line with most of the previous
preliminary reports and the most recent outcomes. However,
they also shed light on new aspects of the early development
of misophonia and indicate the need for further exploration,
particularly in examining better attentional and inhibito-
ry aspects as potential mechanisms underlying misophonia.
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Anna Turek is a PhD candidate in the Individual Differences
Department at the Faculty of Psychology, University of Warsaw,
Poland. She is actively involved in research on misophonia
and provides therapeutic services to individuals affected by
the disorder.

Exploring hyperacusis through art: a journey of
connection and understanding

Lawton L.
Department of Art and Music, Solent University; Southampton, UK

As an artist and someone who suffers from Hyperacusis, I
have delved into my own creative journey to explore and
express my personal experience of living with this condi-
tion. My goal is to connect with others through my art, aim-
ing to communicate the intricacies of what it is like to live
with Hyperacusis. Arts Based Research, as Barone and Eisner
(2012) argue, seeks to create expressive work that allows view-
ers to empathetically engage with the lives of others, fostering
a deeper understanding of the studied situation. Incorporating
art forms into research processes, as highlighted by Boydell et
al. (2012), serves multiple purposes such as evoking emotion-
al responses, promoting shared storytelling, and construct-
ing alternative forms of representation, thus offering different
ways of knowing. In my presentation, I will be sharing the
ongoing visual outcomes of my artistic exploration. Barone
and Eisner (2012) emphasise that art-based research does not
aim to provide a single correct answer but rather to illumi-
nate complex interactions and raise questions about impor-
tant social and cultural issues. Similarly, Heidegger (1935)
posits that art is not merely about creating objects but is a
process through which artists engage with the world, deep-
ening their understanding of existence. Through my artwork,
I aim not only to understand my own experiences but also to
connect with fellow sufferers, as Rubin (2023) suggests that
art has the power to transcend language barriers and fos-
ter healing connections between the artist and the audience.
Additionally, my involvement in the “Sound Off Competition”
and running workshops with my students have provided op-
portunities to explore the transformative potential of partic-
ipatory arts research. Hogan et al. (2015) and Charon (2021)
highlight the benefits of participatory research, including the
ability to explore difficult subjects, create something new, and
provide relief and recognition for sufferers. By sharing ex-
periences and creating a sense of community, participatory
research, including arts-based approaches, plays a vital role
in restoring well-being and fostering understanding among
individuals with similar experiences (Van Der Kolk, 2014).
In summary, my artistic journey not only deepens my under-
standing of Hyperacusis but also aims to connect with oth-
ers, foster empathy, and contribute to the broader discourse
on health and well-being through the visual arts.

India Lawton following her graduation with a BA (Hons) in
Photography from The Arts University Bournemouth, India
pursued further studies, obtaining an MA in Photographic
Studies from Westminster University, a Postgraduate Certificate
in Education (PGCE) from Oxford Brookes University, and
subsequently an MA in Education, also from Oxford Brookes
University. India is a full-time lecturer within the Department
of Art and Music at Solent University, UK, and a Senior Fellow
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of the Higher Education Academy. Additionally, she is a part-
time research student at Solent University, where she is embark-
ing on a practice-based photography PhD. India’s photographic
work encompasses themes of trauma, personal experiences, fam-
ily history, and more recently, the visualisation of others’ expe-
riences. Her work has been showcased in exhibitions at local,
national, and international levels.

Hyperacusis and hearing rehabilitation in adults with
cochlear implants (CI) - case series

Huber M., Raffelsberger T.2, Weitgasser L.!, Keintzel T.2,
Fischer L.!

! Department of Otorhinolaryngology, Head and Neck Surgery;
Paracelsus Medical University Salzburg, Austria

2 Department of Otorhinolaryngology; Klinikum Wels-
Grieskirchen, Wels, Austria

Introduction: There are cases of hyperacusis (Hy) among CI
patients (CI candidates and CI users) and the level of suf-
fering is high. However, prevalence data are not available.
Furthermore, unlike tinnitus, little is known about how this
condition should be treated in CI aftercare. We have there-
fore initiated case series with the primary goal of providing
information on the frequency with which the diagnosis of Hy
is encountered in CI patients in the clinics in Salzburg and
Wels, and association between Hy, and CI aftercare, without
specific treatment of Hy.

Material and methods: At least 10 individual cases are
planned. “Cases” of these prospective case series are all
adult CI patients with bilateral sensorineural hearing loss
and with the additional diagnosis of hyperacusis. Clinical
measures are: (1) four frequency hearing thresholds (PTA),
(2) Data Logging, (3) Freiburg Monosyllables, (4) HSM sen-
tences in noise, (5) uncomfortable loudness levels (ULL),
(6) Abbreviated Profit of Hearing Aid Benefit APHAB (sub-
jective hearing), (7) HIQ, (8) SSSQ, (9) Visual Analog Scale
(VAS), (10) Tinnitus questionnaire, (11) Hospital Anxiety and
Depression Scale, (12) Hearing Stress Questionnaire.

Results: Preliminary results in Salzburg, over a period of
9 months, Hy was observed in 10.3 percent of all CI patients
who met the study criteria. All Hy cases were older than 56
years, 83 percent of them were male. Examples are the fol-
lowing two cases (case description not yet complete).

Case 1: Man, 57 years old: The causes of progressive hearing
loss include chronic otitis media and granulomatosis with pol-
yangiitis (GPA). He was fitted with hearing aids 6 years ago.
Before the CI, he had a severe hearing loss on the left and a
slight hearing loss on the right, furthermore a strong tinni-
tus and Hy. Six months after the CI (left), subjective hearing
and tinnitus have improved. However, social withdrawal and
Hy scores have deteriorated.

Case 2: Woman, 61 years old, had her first sudden hearing
loss 15 years ago, 13 years ago she was fitted with hearing
aids. After a stapesplasty 10 years ago, she lost her residu-
al hearing in her right ear. On the left she suffered from a
slight hearing loss. She also suffered from tinnitus (not clear
which side). Two months after the CI fitting 8 years ago, Hy
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developed and at the same time the left ear deteriorated (mod-
erate hearing loss) and the tinnitus (both sides) increased dra-
matically. Hearing training and a change in the fine-tuning of
the speech processor reduced Hy. After a viral infection, Hy
worsened again. At present, five years after the first CI, the
second ear is within the CI indications and the impairment
due to the recurring Hy has increased to the maximum. The
tinnitus had also improved considerably in the meantime.
However, it has now increased significantly again, especially
without hearing aid and CI (50% speech recognition at qui-
et, CI ear (Freiburg Monosyllables, 65 dB)). Last year, she had
to quit her stressful job because of her hearing problems and
the negative impact on her subjective well-being.

Dr. Maria Huber is a health psychologist, clinical psychologist
and psychotherapist (behavioral therapist, psychoanalyst). For
many years, she is associated with the CI-Center, Department
of Otorhinolaryngology, Head and Neck Surgery, University
Clinic Salzburg. As a clinical psychologist, she has many years
of clinical experience with normal hearing and hearing im-
paired children, adolescents and adults. She has also worked
for many years as a researcher and leader of multicenter sci-
entific projects. Her current scientific interests include cogni-
tive status, depressive status and hyperacusis in adult cochlear
implant (CI) patients.

Hyperacusis and misophonia in the ASD population
Danesh A.A.
Florida Atlantic University, Boca Raton, FL, USA

Is it hyperacusis, sound oversensitivity, or something else?
Whatever we want to call it, we have seen children and adults
in the ASD population who show over-reaction to auditory
signals. This over-reaction can be due to the loudness or the
content of the auditory stimuli. The underlying pathophysi-
ology of hyperacusis is not entirely clear. For some, it is due
to neuronal and anatomical variations and for others it can
be related to a specific reason such as those with Bell’s palsy,
superior canal dehiscence, or aneurysm of the middle cere-
bral artery. The pathophysiology of misophonia seems to be
totally different. The neurodiversity in the ASD population
can cause challenges for clinicians and make it difficult to un-
derstand, diagnose and manage hyperacusis and misophonia
in this population. This presentation will address decreased
sound tolerance (DST) disorders in the ASD and will discuss
diagnosis and management strategies.

Ali A. Danesh, MS, PhD, CCC-A, FAAA, is currently a
Professor at the Department of Communication Sciences and
Disorders, and also has a Secondary appointment as Professor
of Integrated Medical Sciences in the Charles E. Schmidt College
of Medicine, Florida Atlantic University (FAU), Boca Raton,
Florida. Dr. Danesh has affiliate positions in the College of
Science, Department of Psychology and the Department of
Electrical Engineering and Computer Science at the College of
Engineering and Computer Science. He has faculty appoint-
ments at the Audiology Department of Salus University and
Department of Otolaryngology, Miller School of Medicine,
University of Miami. His research interests are in the areas
of tinnitus, hyperacusis, misophonia, auditory evoked poten-
tials, auditory processing disorders, and vestibular assessment.
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Dr. Danesh obtained his BSc in audiology from Iran University
of Medical Sciences, Tehran, Iran, his MS in audiology from
Idaho State University, Pocatello, Idaho, and his PhD in au-
diology, with an emphasis on auditory electrophysiology, from
the University of Memphis, Memphis, Tennessee. Dr. Danesh
is an American Board of Audiology board certified practicing
audiologist. His current clinical work concentrates on patients
with tinnitus, vertigo and sound sensitivity disorders (e.g.,
hyperacusis and misophonia).

Hyperacusis in tonic tensor tympani syndrome (TTTS)
Bezerra C.

Sao Paulo University; Sao Paulo, Brazil

One of the symptoms observed in tonic tensor tympani
syndrome is hyperacusis. Manual therapy on the palatine

aponeurosis can help treat this symptom. The physiotherapist’s
performance is fundamental for treatment.

Hyperacusis Assessment Questionnaire — a new tool for
assessment hyperacusis in tinnitus patients

Raj-Koziak D.!, Gos E.%,Skarzynski P.H.»?,Skarzynski H.!

! Department of Tinnitus, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

2 Department of Teleaudiology and Screening, World Hearing
Center; Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

? Institute of Sensory Organs, Kajetany

* Oto-Ryno-Laryngology Surgery Clinic, World Hearing
Center; Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

Introduction: Hyperacusis is a kind of decreased tolerance
to sound and is difficult to measure objectively. It often co-
occurs with tinnitus. There is a need for valid and reliable
patient-reported outcome measures to capture this subjec-
tive phenomenon.

Aim: The aim of the study to create a questionnaire captur-
ing hyperacusis in terms of loudness, fear, and pain and then
to evaluate its psychometric properties.

Material and methods: The study group consisted of 106 pa-
tients, made up of 51 men and 55 women. They were aged be-
tween 19 and 72 years, mean 45.2 years (SD = 12.4). An initial
pool of 33 questions capturing hyperacusis was subjected to
expert evaluation and pilot testing. Then, a shortened 19-item
version of the tool was checked out. Medical interview, au-
diological examination and a set of questionnaires: Tinnitus
Handicap Inventory, Hyperacusis Questionnaire, State-Trait
Anxiety Inventory, and Visual Analogue Scale was completed
by all subjects.

Results: The final 14-item Hyperacusis Assessment Question-
naire showed an appropriate three-factor structure that ex-
plained 70.5% of the variance. Convergent validity and
divergent validity were confirmed by correlations with
other measures of hyperacusis, anxiety, tinnitus severity,
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misophonia, and hearing thresholds. Internal consistency
as assessed with Cronbach’s alpha was excellent (a=0.91)
as was reproducibility (intra-class correlation, ICC = 0.96).

Conclusions: The new Hyperacusis Assessment Questionnaire
is a psychometrically sound and brief tool that can assess the
severity of hyperacusis in terms of loudness, fear, and pain.
It can be used in clinical practice and scientific research for
patients with hyperacusis and tinnitus.

Assoc. Prof. Danuta Raj-Koziak, MD, PhD - otolaryngol-
ogist, phoniatrician, and audiologist. Chief research inter-
ests: tinnitus, hyperacusis. Head of the Tinnitus Department
of the Institute of Physiology and Pathology of Hearing; re-
search scientist at the World Hearing Center of the Institute of
Physiology and Pathology of Hearing. Member of scientific soci-
eties: Polish Society of Otorhinolaryngologists - Head and Neck
Surgeons, Polish Society of Pediatric Otolaryngologists, Society
of Polish Otorhinolaryngologists Phoniatrists, and Audiologists.
Chairwoman of the Bioethics Committee of the Institute of
Physiology and Pathology of Hearing, Board Secretary of the
Society of Polish Society of Otorhinolaryngologists - Head
and Neck Surgeons (Audiology Section). Author of 54 pub-
lications and reviewer of several national and interna-
tional scientific journals. Lecturer at the specialization and
postgraduate courses.

Hyperacusis Questionnaire (Mini-HQ9) - a valid short
tool for use in a clinical tinnitus population

Goebel G.', Berthold L.?, Floetzinger U.%, Blasing L.,
Schoffel J.%, Kroner-Herwig B.?, Glinther S.%, Stattrop U.%,
Koch S.4 Voderholzer U.4, Lehr D.°

! Tinnitus and Hyperacusis Center at the Neurozentrum-Prien,
Prien, Germany

2 Schén Klinik, Bad Arolsen, Germany

? Institute of the Georg-August University of Géttingen, Germany

* Schén Klinik Roseneck, Prien, Germany

? Institute of the Philipps University. Marburg, Germany

Introduction: The demands on psychometric procedures for
therapy research in hyperacusis (HC) and their differentia-
tion from phonophobia, misophonia and recruitment have in-
creased. The widely used noise hypersensitivity questionnaires
(GUE Nelting and Finlayson, 2004, Germany; Hyperacusis
Questionnaire, HQ, Khalfa et al., 2002, France) are partly in-
valid and repeatedly criticized (Blasing et al., 2010; Fackrell
etal., 2015), partly without instructions and without quartiles,
implausible cut-point of the HQ.

Material and method: We retrospectively evaluated 216 tin-
nitus-inpatients (47% women, age 49 + 10) with the evalu-
ated Structured Tinnitus Interview (STI, Goebel and Hiller,
2002): 60% HC; 15% phonophobia/misophonia; 24.4% with-
out HC. At T1 and T2, we evaluated the sensitivity to change
of the individual items of GUF and HQ, numerical analog
scales (NAS), Tinnitus Questionnaire (TF, Goebel and Hiller,
1998), discomfort thresholds (UBS), factor analysis, internal
consistency, retest reliability (rtt), d, convergent and discrim-
inative validity, BDI, BDI-II, BSI.
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Results: Reevaluation GUF: reliability: a = .93; best test qual-
ity item 5, 6, 10, 12, 13; quartiles 0-45, cut-off (AUC) > 16;
correlation NAS-HK r=.68, HQ r=.88; TF r = 0.44; Pearson:
rtt.83; ICC.93; UBS < .2; d: r=.57. Reevaluation HQ: reliabil-
ity: a=.92; best test quality item 5, 8, 9, 12t; quartiles 0-42,
cut-off (AUC) > 18; correlation NAS-HK r=.63, GUF r=.95;
TF r=0.35; Pearson: rtt.84; ICC.87; UBS <.2; d: r=.47. The
multidimensional structure of the GUF and HQ could not be
confirmed. Evaluation Mini-HQ9: after a comprehensive in-
dividual item analysis, we merged the 9 most change-sensitive
(Pearson) and most stable (rit) items from GUF and HQ into
anew “Mini-HQ9: reliability: a = .93; quartiles 0-27; cut-off
(AUC) > 11; corr. CFT r=.95; HQ r = .88; common variance
77%; corr. NAS-HK r=.63; TF r =.35; Pearson: rtt.83; ICC.79;
UBS < .2; test-retest d: r=.48. One-dimensional structure.

Conclusions: The Mini-HQ9 summarizes the advantages
of the GUF and HQ and has proven itself as a standard in-
strument for graduation and effect studies of the HK in pi-
lot studies with only 9 items. Women are more sensitive to
noise (r=.21). HC instruments are not suitable for misopho-
nia. The UBS only for recording relevant side differences.

Gerhard Goebel (1946) is Prof. of Otology at the Medical
Faculty of the Technical University of Munich. Since 1985 he
has been a senior physician at the Roseneck Clinic, Hospital
for Behavioral Medicine in Prien am Chiemsee. He has been
a specialist in internal medicine since 1983 and in psychoso-
matic medicine since 1994. From 1999 to 2012, he was head
physician at Prien Hospital and developed cognitive behavioral
therapy (CBT) for tinnitus and hyperacusis patients in the in-
patient sector. Numerous publications on these topics and ha-
bilitation in 1999 (ENT Clinic of the TUM, Prof. Dr. Wolfgang
Arnold). Since 2001 lecturer in advanced training for CBT and
behavioral medicine at the University of Zurich, supervisor
for the Bavarian State Medical Association (BLAK), German
Medical Association for Cognitive Therapy (DAVT) and the
Bavarian Academy for Psychotherapy (BAP). Together with
Wolfgang Hiller he published: Tinnitus Questionnaire (TF)
(1994, 1996), Structured Tinnitus Interview (STI) (1999, 2000)
as well as Mini-Tinnitus Questionnaire (Mini-TF12, 2004) and
Mini-Hyperacusis Questionnaire (Mini-HQ9, 2014). Since 2013
he has been conducting diagnostic and therapeutic research
on hyperacusis and misophonia therapy in his own practice.

Imaging hyperacusis and misophonia: present and
future

Husain ET.
University of Illinois Urbana-Champaign, IL, USA

Brain imaging of humans with loudness hyperacusis or mis-
ophonia remains one of the primary methods to discover the
brain networks underlying these sound tolerance disorders,
to differentiate them from each other and to dissociate them
from related comorbid conditions of tinnitus or hearing loss.
Despite the challenges associated with the expense and noise
of some imaging tools, results of such studies have informed
the existing experimental and theoretical framework of hy-
peracusis and misophonia. In a pioneering functional MRI
study, Melcher and colleagues (2010) parsed out the contri-
bution of co-occurring hyperacusis to brain imaging findings
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of tinnitus. They noted that while both subcortical and cor-
tical auditory areas were responsive in those with hyperacu-
sis (relative to controls), such an elevated response was only
noted in the auditory cortex for those with tinnitus. Recent
studies (e.g., Hofmeier et al., 2021; Koops and van Dijk, 2021)
further explored this dissociation using both fMRI and audi-
tory brain-stem responses (ABRs). Brain imaging studies of
misophonia (e.g., Kumar et al., 2021; Schroder et al., 2019)
are more recent but have begun to change how we think of
the condition, pointing to regions beyond the auditory cor-
tex (such as motor cortex, insula) as playing a key role in this
condition. In a recently completed study in my lab, we have
collected both auditory brainstem response and fMRI data on
young adults with hyperacusis or misophonia and their con-
trols, results of which will be reported at the meeting. In sum-
mary, current and future non-invasive brain imaging studies
continue to expand our understanding of the pathophysiol-
ogy of hyperacusis and misophonia and will allow us even-
tually to develop and test new therapies that help patients.

Dr. Fatima T. Husain is a Professor in the Department of
Speech and Hearing Science, and Associate Dean in the College
of Applied Health Sciences, University of Illinois Urbana-
Champaign, United States of America. She is also faculty in the
Neuroscience Program and the Beckman Institute for Advance
Science and Technology at the same university. Dr. Husain's
research program is centered around three major themes:
(1) normal audition and speech perception, (2) disorders of
the auditory system, particularly hearing loss, tinnitus, hyper-
acusis and Misophonia, and (3) effects of aging on audition
and cognition. She uses a multidisciplinary approach combin-
ing behavioral, brain imaging, and computational neuro-mod-
eling tools. She is the immediate past Chair of the Scientific
Advisory Committee, American Tinnitus Association and serves
on the scientific boards of Hyperacusis Research and SoQuiet
Foundation. She is presently an Editor of the "American Journal
of Audiology".

Investigating cognitive reappraisal as a treatment for
misophonia

Siepsiak M.!, Turek A.!, Araszkiewicz W.!, Grochowska K.!,
Sliwerski A.2

! Faculty of Psychology, University of Warsaw, Poland
2 Institute of Psychology, University of Lodz, Poland

Misophonia presents significant challenges for those affect-
ed. While potential interventions have emerged and are gain-
ing momentum, there is still no evidence-based treatment for
this disorder. Cognitive reappraisal (CR), a psychotherapeu-
tic technique that alters the perception of triggering sounds,
sources, and context to regulate emotional responses, holds
promise in reducing misophonic reactions. However, its ef-
fectiveness in misophonia, as well as the expectations and
experiences of misophonia sufferers with this method, re-
main unexplored. This study aims to address these gaps.
The proposed intervention employs a process-based treat-
ment approach, examining one technique at a time in the
context of individual needs, possibilities, and characteris-
tics. Preliminary data from the ongoing main study, which
includes a control group, will be presented at the confer-
ence, along with the pilot quantitative and qualitative data
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and protocol characteristics. Below are selected results from
the pilot study. Twenty-three participants completed the pi-
lot study. Misophonia, anxiety, and depression symptoms,
among others, were assessed at three time points: twice be-
fore the four weekly sessions and after the treatment. The
first session was a 90-minute online group session focused on
psychoeducation about CR and increasing motivation. This
was followed by three weekly individual 30-minute sessions
tailored to each participant’s needs, such as finding the op-
timal time for CR implementation, the most accessible sit-
uations, and the most acceptable types of reappraisals, as
well as reinforcing motivation to use CR. All sessions were
audio-recorded and analyzed for protocol adherence. After
completing the study, volunteering participants engaged in
additional audio-recorded focus groups to discuss the most
and least valuable and challenging aspects of the study, the
most suitable time points for using CR (before, during, or
after the trigger), and potential adverse effects of the treat-
ment. The main study, currently ongoing, includes a separate
group of 108 participants, including a control group practic-
ing Schultz’s Autogenic Training, allowing for more rigor-
ous pre- and post-treatment assessments. In both the pilot
and the main study, apart from assessing misophonia symp-
toms, we conducted semi-structured interviews for psychiat-
ric and personality disorders, cognitive and audiological tests,
and various psychological questionnaires. In the pilot study,
there was a significant reduction in misophonia symptoms
post-treatment. We observed a significant decrease (p <.001;
partial eta-squared =.41) in the impact of misophonia, as
measured by the S-Five scale. There were similar effects on
the remaining scales. Eighteen participants (78%) experienced
at least a 10% reduction in symptoms, while three showed
no change, and two experienced a worsening of symptoms.
Qualitative analysis indicated that meeting others with the
same disorder was perceived as beneficial, as was the aware-
ness that “somebody is researching Misophonia’, “misopho-
nia is real” or “being a part of the misophonia community”
Indeed, while misophonia symptoms decreased only after the
treatment, we observed a significant decrease in anxiety and
depression not only after the treatment but also between the
first and second assessments (yet before the treatment began).
In addition to the pilot study findings, preliminary results
from the ongoing randomized controlled trial (RCT) will be
presented at the conference.

Marta Siepsiak is a psychologist, CBT psychotherapist, mu-
sic therapist, and researcher. Over the last 8 years, she has led
multiple research projects related to sound over-responsivities,
currently examining the effectiveness of psychotherapeutic in-
terventions in Misophonia - a study financed by the REAM
Foundation. Outside of academia, she works as a clinician
with children, adolescents, and adults, including individuals
suffering from misophonia. Her primary research and clinical
interests include misophonia and other sensory over-responsivi-
ties, so-called central auditory processing disorder, psychology
of music, anxiety disorders, abnormal child psychology, and
psychotherapeutic interventions.

Journal of Hearing Science - 2024 Vol. 14 - No. 3



Making sense of treatment research for misophonia:
an overview and call to the field

Rosenthal M.Z.
Duke University, Durham, NC, USA

There are few studies evaluating treatment approaches for
Misophonia, no specific evidence-based treatments known
through systematic and replicated research to be efficacious,
and no field-wide consensus about how to help patients. At
the same time, patients are suffering and need help. What are
we to do? As clinicians, we need to follow evidence-based
principles of change and, at the same time, be flexible and
individually tailor treatments appropriately. In this presenta-
tion, (a) published research studies investigating Misophonia
will be reviewed and synthesized, (b) recommendations will
be made for a research-based agenda to identify appro-
priate treatments for Misophonia, and (c) pragmatic and
reasonable guidelines will be outlined about how to help
patients until there are known efficacious treatment proto-
cols. A practical and humane approach will be offered that
is multi-disciplinary, client-centered, collaborative, measure-
ment-based, accounts for co-occurring psychiatric diagno-
ses, and is grounded in known biopsychosocial processes of
change and interventions shown to effectively target these
processes transdiagnostically.

Dr. M. Zachary Rosenthal is a clinical psychologist, Associate
Professor, and Director of the Duke Center for Misophonia and
Emotion Regulation. He is a clinician, scientist, educator, men-
tor, and advocate and has a lived experience as a loved one of
someone with Misophonia.

Measurements of sound sensitivity: lessons from the
citizen science project

acquemin L."?, Vanderveken O.M."?, Verbraecken J.!%,
Iven V.'2, Dieltjens M."?, Op de Beeck S."?, Barros A."%,
Spacova 1.%, Decorte P.'%, Lembrechts ]."?, Couscheir K."?,
Vuye C.'?

! University of Antwerp, Belgium
2 Antwerp University Hospital, Edegem, Belgium

Introduction: Environmental noise is recognized by the
World Health Organization as a significant public health con-
cern, negatively impacting human health and well-being. To
address and better understand these effects, the “De Oorzaak”
citizen science project was initiated in Flanders, Belgium.

Objective: This study aims to assess the effects of environ-
mental noise on health, stress, and sleep among the Flemish
population. It also seeks to explore the relationship between
sound sensitivity and sociodemographic factors.

Material and methods: A comprehensive population-level
questionnaire was administered to thousands of Flemish
residents over a one-month period. This survey includ-
ed questions on quality of life, health status, stress levels,
sleep quality, and detailed sociodemographic information.
Additionally, a subset of 100 participants from Antwerp un-
derwent an extensive audiological test battery. This included
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self-report questionnaires, audiometry, and a newly devel-
oped diagnostic test for hyperacusis utilizing natural sounds.
Participants were categorized into two groups based on their
scores from the Hyperacusis Questionnaire (HQ): with or
without hyperacusis.

Results: Data collection is ongoing, and preliminary analy-
sis focuses on the correlation between various measures of
sound sensitivity and other demographic variables.

Conclusions: The “De Oorzaak” project leverages citizen
science to generate a rich dataset that will enhance our un-
derstanding of the public health implications of environ-
mental noise.

Prof. Dr. Laure Jacquemin is an audiologist with clinical and
research experience at the Tinnitus Treatment and Research
Centre Antwerp (TINTRA). Her clinical work focuses on
psycho-education and cognitive behavioural therapy for pa-
tients with tinnitus, hyperacusis and misophonia. Her current
research focuses on diagnosis and treatment of hyperacusis.

Metacognitive Interpersonal Therapy for Misophonia:
a single-case study

Natalini E.', Fioretti A.2, Eibenstein R.3, Eibenstein A.'

! Tinnitus Center, Rome, Italy
2 Studio Medicom, Rome, Italy
? Centro Mindful, Rome, Italy

Misophonia is a chronic condition in which the exposure to
specific sounds increase the arousal and the recurrence of
specific intense negative emotions. Patients generally think
that the trigger sounds are intentionally produced by others
and because of this interpretation they usually feel anger and
disgust. We hypothesized that misophonia may be strongly
related to maladaptive interpersonal schemas which create
difficulties in interpersonal relationships. Maladaptive inter-
personal schemas are typically present in personality disor-
der. Persons with maladaptive interpersonal schemas think
that other people try to subjugate, criticize, dominate, exploit,
deceive, disregard and humiliate them. Furthermore, these
patients typically endorse a representation of self as mistreat-
ed, constricted, harmed, damaged, humiliated, impotent, in-
adequate or fragile. We describe the course of a treatment of
Metacognitive Interpersonal Therapy (MIT) with a young
man presenting misophonia and co-occurrent obsessive-
-compulsive personality disorder (OCPD) and avoidant per-
sonality disorder (AVP), with narcissistic traits. He presents
self-criticism, perfectionism and emotional overcontrol.
Therapy aimed increasing awareness of maladaptive inter-
personal schemas and promoting a healthy self. Behavioural
experiments were used to increased quality of social relation-
ships and tolerance to the trigger sounds. Qualitative and
quantitative (Amsterdam Misophonia Scale, structured clinical
interview for DSM-IV personality disorders, Beck’s Depression
Inventory-II, State-Trait Anxiety Inventory) outcomes at the
intervention are summarized.

Eleonora Natalini is a Psychologist and a Cognitive
Behavioural Therapist. She is also a Metacognitive Interpersonal
Therapist and EMDR Therapist. Her main areas of expertise
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are: Personality Disorders, Anxiety and Mood Disorders,
Misophonia and Tinnitus. She works with adolescents and
adults.

No time for triggers: objective misophonic avoidance
measurement using behavioral timing data

Remmert N.!, Gregory J.2, Oh S.%, Shinkareva S.%, Vitoratou S.*,
Krause R.W.%, Pohl S.!

! Department of Education and Psychology, Freie Universitaet
Berlin, Germany

? Department of Experimental Psychology, University of Oxford,
UK

? Department of Psychology; University of South Carolina,
Columbia, SC, USA

# Institute of Psychiatry, Psychology & Neuroscience, King’s
College London, UK

? Gatton College of Business and Economics, University of
Kentucky, Lexington, KY, USA

This study presents and evaluates the Misophonic Behavioral
Avoidance Test (M-BAT), a standardized tool designed to ob-
jectively measure misophonic avoidance behavior towards
trigger sounds. Employing recent psychometric models, the
M-BAT leverages response times and behavioral decisions
in assessing reactive and anticipating avoidance strategies.
Reactive avoidance, characterized by immediate escape from
triggers, is measured through auditory exposure to triggers,
affording respondents the choice to voluntarily stop or endure
the exposure. Anticipating avoidance, involving the preven-
tion of expected trigger exposure, is assessed through re-
sponses to sound descriptions, where respondents decide to
approach or omit a trigger exposure. The central behavioral
measures are denoted as sound endurance and anticipating
sound avoidance tendency. The study aims to evaluate and
optimize the M-BAT, assessing psychometric properties and
evaluating the validity of the behavioral measures. An online
survey and behavioral testing procedure were employed to
collect data from a large sample of individuals clinically or
sub-clinically experiencing misophonia. The extensive valida-
tion approach gives insight into various dimensions of valid-
ity including nomological, differential, and criterion validity.
Beyond clinical characterization and advances in understand-
ing the nature and causes of misophonia, the findings hold
potential implications for informing treatment approaches
and tailored strategies to alleviate the impact of misophonia.
This research establishes a foundation for advancing and re-
fining the measurement and understanding of misophonic
avoidance behavior. The M-BAT introduces a valuable tool
for researchers and clinicians, fostering avenues for future
investigations into misophonia and its treatment.

Nico Remmert is a researcher and fourth-year PhD candidate
in psychology at Freie Universitit Berlin, specializing in the de-
partment of Methods and Evaluation/Quality Assurance. Nico
earned his MSc in Psychology from Freie Universitit Berlin
in 2020. His research revolves around advancing psychomet-
ric methods to assess misophonia, with a specific emphasis on
understanding misophonic avoidance behavior through the
analysis of process data, including response times. Currently,
Nico is engaged in collaborative work with the Misophonic
Clinical Academic Research Group at King’s College London
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and Svetlana Shinkareva’s research group at the University
of South Carolina. This multidisciplinary collaboration un-
derscores Nico’s dedication to fostering innovative approach-
es to misophonia research. Nico is known for his pivotal role
in developing the Berlin Misophonia Questionnaire Revised,
a symptom-oriented tool for the comprehensive assessment of
misophonia.

Noise sensitivity: strategies for a systematic review

Zimmer K.!, Song E .2, Ellermeier W.?, Marquis-Favre C.%,
Park S.H.*

! Universitit Vechta, Germany

2 Université de I’ Lyon, ENTPE, Ecole Centrale de Lyon, Vaulx-en-
Velin, France

? Technische Universitit Darmstadt, Germany

* Korea Institute of Civil Engineering and Building Technology,
Goyang-si, Republic of Korea

In the psychological, psychoacoustical and public-health lit-
erature, noise sensitivity is seen an important predictor of
human attitudes and behaviour towards noise. But what ex-
actly is noise sensitivity, and how is it measured? To address
this question, we are currently performing a systematic re-
view of the different conceptualizations and ways of measur-
ing noise sensitivity. That is done across different domains of
investigation (e.g., engineering, environmental science, med-
icine, physics, psychology, and public health). In a first step,
we are aiming to establish a comprehensive overview of the
psychometric quality of the different noise-sensitivity meas-
ures currently available. To that effect, documentation written
in the English, French, German or Korean language is scru-
tinized, including grey literature and unpublished materials.
The search is implemented with a wide focus, not limited to
scientific journal databases: it includes querying experts, gov-
ernmental and funding agencies, as well as scanning pertinent
conference proceedings. The synthesis will yield a map of in-
struments available to measure noise sensitivity in different
languages and cultures, as well as identify gaps of conceptu-
al specification. The outcome of this study may be used to
hone the definition of noise-sensitivity and to differentiate it
from related concepts such as noise annoyance, hyperacusis,
phonophobia and misophonia.

Research funded by Fondation pour I'Audition (FPA
RD-2022-6).

Karin Zimmer is Professor of Empirical Educational Research
at the University of Vechta. She has worked at various univer-
sities in Germany and Denmark, and has co-ordinated the
German national educational report. Karin Zimmer has been
senior analyst of PISA at OECD in Paris, France. Her aca-
demic background is in experimental psychology, pedagogy,
and statistics.
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Objective functional biomarkers to find druggable
targets for tinnitus and hyperacusis

Knipper M.!, Wertz J."%, Dapper K., Dalhoff E.}, Stark R.3,
Wolpert S.%, Klose U.2, Munk M.H.J."**, Ruttiger L.!

! Department of Otolaryngology, Head and Neck Surgery; Hearing
Research Centre Tiibingen, Molecular Physiology of Hearing,
University of Tiibingen, Germany

? Department of Diagnostic and Interventional Neuroradiology;
University Hospital Tiibingen, Germany

? Department of Psychiatry and Psychotherapy, University of
Tiibingen, Germany

* Department of Biology, Technische Universitat, Darmstadt,
Germany

Currently, conflicting views on the neural correlate of tinni-
tus hinder the development of effective diagnosis and ther-
apy for tinnitus (Knipper et al., Ruttiger, 2020). Although
hyperacusis often co-occurs with tinnitus, it is until now
considered neither in clinical diagnosis nor for targeted, in-
dividualized therapies. On the basis of findings with objec-
tive functional biomarkers (PTT, ABR, fMRI, EEG) used in
patients, we challenge the hypothesis that co-occurance of
hyperacusis worsens tinnitus percept towards a disease that
most requires treatment and therapy. In this context, the hy-
pothesis of the successful use of cognitive therapies for hy-
peracusis and tinnitus is particularly interesting for future
therapy development.

This work was supported by the Deutsche Forschungs-
gemeinschaft DFG KN 316/13-1, DFG RU 713/6-1, ERA-NET
NEURON JTC 2020: BMBF 01EW2102 CoSySpeech and
FWO GOH6420N.

Marlies Knipper has been a Professor at the Hearing Research
Center of the Ear, Nose and Throat Clinic, Eberhard Karls
University of Tiibingen, since 2008 and has headed the
“Molecular Hearing Physiology” working group since 1993.
Marlies Knipper has been working in the field of hearing re-
search for over 30 years. Her research focuses on auditory pro-
cessing disorders, age-related hearing loss and neuropathies, as
well as tinnitus and hyperacusis in animals and human clini-
cal studies. Her research aims to contribute to the relationship
between cognition and hearing. She is also particularly inter-
ested in creating an infrastructural platform for more efficient
use of cross-system research into the various senses. She is
a member of the Leopoldina — National Academy of Sciences
(Halle/Saale), Leibniz-Sozietit der Wissenschaften zu Berlin
and AcademiaNet.
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Preliminary results of tinnitus therapy using bimodal
stimulation with the Lenire device in patients with
tinnitus and reduced sound tolerance

Waraczewski I.', Raj-Koziak D.?, Skarzynski PH.**, Gos E.%,
Cywka K.°

! Center of Hearing and Speech Medincus, Kajetany, Poland

? Department of Tinnitus, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

? Department of Teleaudiology and Screening, World Hearing
Center; Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

# Institute of Sensory Organs, Kajetany; Poland

* World Hearing Center, Institute of Physiology and Pathology
of Hearing, Warsaw/Kajetany, Poland

Introduction: Tinnitus is defined as the perception of sound
without an external acoustic stimulus. Currently, there is no
single effective treatment method for tinnitus that works for
all patients. One of the newer approaches is bimodal stimu-
lation, which combines acoustic stimulation with somatosen-
sory pathway stimulation. The goal of therapy is to reduce the
severity of tinnitus and improve the quality of life for patients
suffering from tinnitus.

Aim: The aim of this study was to evaluate the effectiveness
of bimodal stimulation using the Lenire device in reducing
tinnitus severity in 15 patients.

Material and methods: The authors present the results of
their own research on the use of bimodal stimulation therapy
in 15 patients. The results of the Tinnitus Handicap Inventory
(THI) questionnaire were analyzed.

Results: The results of the authors own research on the use
of bimodal stimulation with the Lenire device showed an
effectiveness of 78%, with an average decrease in THI score
of 34 points.

Conclusions: Bimodal stimulation using the Lenire device

may be an effective treatment method for tinnitus in patients
with reduced sound tolerance.
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Quality of sexual life in individuals with misophonia
and their partners

Banyra O.', Jourkiv O.%, Didkovskiy V.3, Nikitin O.%,
Kornyenko O.%, Ventskivska L6, Kechur Z.7, Letsyk M.*

! Department of Urology, St. Paraskeva Medical Centre, Lviv,
Ukraine

2 Psychiatrist, Psychotherapist, Child and Family Counseling
Group, PL.C., Fairfax, VA, USA

? Department of Otorhinolaryngology, Bogomolets National
Medical University, Kyiv, Ukraine

# Department of Urology; Bogomolets National Medical University,
Kyiv, Ukraine

* Department of Sexopathology and Andrology; S.I. “Academician
O.E Vozianov Institute of Urology of the National Academy of
Medical Sciences of Ukraine’, Kyiv, Ukraine

¢ Department of Gynecology; Bogomolets National Medical
University, Kyiv, Ukraine

7 Psychiatrist, Psychotherapist, St. Paraskeva Medical Centre, Lviv,
Ukraine

# Department of Otorhinolaryngology, St. Paraskeva Medical
Centre, Lviv, Ukraine

Introduction: Misophonia, a selective ‘hatred of sound’ has
been often misunderstood new mental disorder which is char-
acterized by intense negative emotional reactions, feelings,
thoughts with or without impulsive behavior to a source of
specific irritating trigger sound. Triggers usually produced
by the human mouth, throat or nose and include chewing,
crunching, slurping, sniffing etc. Cutlery, environmental, or
machine sounds can also be the triggers. The term ‘miso-
phonics” has been used for the name of misophonia suffer-
ers. One of the main self-reported effects in misophonics is
destructive impact on constant close romantic relationships
with aggression, ‘fight or flight’ response and worsening/ru-
ining love affair.

Objective: We aimed to study the quality of sexual life (QoSL)
in misophonics both sexes and their close partners.

Material and methods: Into our study we enrolled 88 mis-
ophonics with male-to-female ratio 1:2.9 (23/65) and 88
their partners with male-to-female ratio 2.9:1 (65/23) aged
25.1 £5.6 years old. For evaluation of the quality of sexual
life in males we used International Index of Erectile Function
(ITEF) and Sexual Quality of Life-Male (SQOL-M) self-re-
port questionnaires. In females we used the Sexual Quality of
Life-Female (SQOL-F) self-report questionnaire and Female
Sexual Function Index (FSFI). Obtained total scores according
to questionnaires in misophonics we compared with the sur-
vey results of controls, their peers (88 males and 88 females
who were couples in love) without misophonia or any distinct
mental/urological/gynecological pathology aged 25.3 £4.9
years old. Mann-Whitney U-test to compare two groups was
used. Statistical significance was judged at p < 0.05.

Results: Misophonia only, without concomitand mental dis-
orders was diagnosed in 30 (34.1%) individuals: 20 (66.7%)
females and 10 (33.3%) males. Comorbid mental disorders
in misophonics were registered in 58 (67.4%) patients: 45
(77.6%) females and 13 (22.4%) males, and included gen-
eralized anxiety disorder (GAD), n=21 (23.6%): 17 fe-
males, 4 males; depressive disorder (DD), n=12 (13.5%):
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8 females, 4 males, panic disorder (PD), n =11 (12.4%): 8 fe-
males, 2 males; obsessive compulsive disorder (OCD), n=8
(9.0%): 6 females, 2 males; and relationships obsessive-com-
pulsive disorder (ROCD), n=6 (6.7%): 6 females, 0 males.
We noted that Individual total scores distinguishing QoSL in
female and male misophonics as well as in their sexual part-
ners were statistically lower comparing with Controls, their
peers without misophonia or any distinct mental disorder.
Total score of International Index of Erectile Function scale
in males with misophonia only was 40.9 +5.4 vs 68.1 3.7
in Controls, p <0.05. These findings show decreased erec-
tile function in misophonic males. Moreover, we have found
that healthy males without misophonia who are the partners
of females misophonics also have decreased IIEF total score
comparing with Controls 49.3 +4.9 vs 68.1 + 3.7 respective-
ly, p <0.05. The small sample of enrolled males with miso-
phonia might be considered the main limitation of our study.

Conclusions: Misophonia, a selective sound sensitivity syn-
drome, is decreasing the quality of sexual life in sufferers
both sexes and their partners. Males misophonics are suffer-
ing from erectile dysfunction as well as healthy males who
are the partners of females misophonics. We consider that
these aspects should be taken into account by psychiatrists,
psychotherapists, psychologists during the management of
couples with misophonia in one of the partners.

Oleg Banyra, MD, Department of Urology, St. Paraskeva
Medical Centre, Sophia Jabonska Street 7, 79019 Lviv, Ukraine.

Relationship between hyperacusis and anxiety in men
and women with tinnitus

Gos E.', Raj-Koziak D.%, Skarzynski P.H."?, Skarzynski H.*

! Teleaudiology and Screening Department, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany; Poland

2 Tinnitus Department, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

? Institute of Sensory Organs, Warsaw/Kajetany, Poland

* Oto-Rhino-Laryngology Surgery Clinic, World Hearing
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Introduction: Some research has indicated a possible link
between hyperacusis and anxiety, suggesting that psycho-
logical factors may play a role in the severity of auditory
sensitivity. However, the nature of this relationship in sub-
jects with tinnitus and how it may differ between men and
women remains unclear.

Aim: The aim of the study is to investigate the relationship
between hyperacusis and anxiety in men and women with
tinnitus.

Material and methods: The study group consisted of 51 men
and 55 women with tinnitus and hyperacusis in similar age
(men: M =45.4; SD = 12.4; women: M = 44.9; SD = 12.8). The
study was conducted in the Tinnitus Clinic of the tertiary Ear,
Nose, and Throat Center in Kajetany (near Warsaw, Poland).
The audiological examination included pure-tone audiometry,
impedance audiometry, and measurement of uncomfortable
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loudness level. The Hyperacusis Assessment Questionnaire
(HAQ), State-Trait Anxiety Inventory (STAI), and Tinnitus
Handicap Inventory (THI) were used.

Results: Men and women exhibited similar levels of hypera-
cusis, anxiety, and tinnitus severity. However, gender differ-
ences emerged in the relationship between hyperacusis and
anxiety. The correlation was stronger in men (rho = 0.57;
P <0,001) than in women (rho = 0.27; p =0.073). Anxiety was
a significant predictor of hyperacusis (p = 0.35; p = 0.05) only
in men, while in women the significant predictor of hypera-
cusis was tinnitus severity (f =0.32; p = 0.046).

Conclusions: The relationship between hyperacusis, anxi-
ety, and tinnitus severity in individuals with tinnitus varies
by gender. In men, anxiety plays a more significant role in
hyperacusis, whereas in women, tinnitus severity is a more
crucial factor.

Assoc. Prof. Elzbieta Gos, PhD is a psychologist specializing in
psychometrics. She works in the Teleaudiology and Screening
Department of the Institute of Physiology and Pathology of
Hearing. She develops and validates measurement tools and
research methodology and performs statistical analyses. Her
scientific interests involve the subjective aspects of hearing dis-
orders, especially in tinnitus, hyperacusis, and misophonia.

The neurophysiological model for hyperacusis and
misophonia

astreboff PJ."?, Jastreboff M.M.!?

! Department of Otolaryngology, Emory University School of
Medicine, Atlanta, GA, USA
2 JHDE Inc., Guilford, CT, USA

Based on the observations of several hundred patients with
decreased sound tolerance the existence of unrecognized ear-
lier auditory disorder with distinctive and different from hy-
peracusis characteristics has been identified. Patients with this
disorder exhibited negative emotional and autonomic reac-
tions evoked by a specific for a given patient patterns of sound.
Consequently, the name “misophonia” for this previously not
described disorder and its definition based on data gathered
from our patients was proposed in 2001. Furthermore, clin-
ical observations pointed out that misophonia requires a dif-
ferent approach for diagnosis and treatment than hyperacusis.
Although the proposed definition was independent of the eti-
ology of misophonia, nevertheless, on the basis of analysis
of its features, including reported reactions to bothersome
sounds (“misophonic triggers”) it was possible to propose po-
tential mechanisms of misophonia and the neurophysiologi-
cal model for both misophonia and hyperacusis. The model
postulates that a key characteristic of misophonia is the for-
mation of inappropriate, pattern-specific subconscious con-
nections between the auditory system and other systems of
the brain, particularly with the limbic and autonomic nerv-
ous systems. These connections are governed by the princi-
ples of conditioned reflexes. Notably, the brain systems and
connections involved in misophonia are the same as in the
case of tinnitus. However, in the case of tinnitus the abnor-
mal neuronal activity is generated within the auditory path-
ways and spreads to other systems in the brain, while in case
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of misophonia normal sound-evoked activity which is the
same as in case of subjects without misophonia, is spread-
ing and incorrectly activates various systems in the brain,
yielding emotional and autonomic reactions to misophon-
ic triggers. The mechanism of hyperacusis is based on ab-
normally increased gain within the subconscious part of the
auditory pathways. This yields a high level of neuronal ac-
tivity, equivalent to activity evoked by much stronger sound
in normal subjects. The activation of the other systems in
the brain is a consequence of spreading this abnormally en-
hanced sound-evoked activity by normally functioning neu-
ronal connections from the auditory to other systems in the
brain. In misophonia sound-evoked signals within the au-
ditory pathways are normal, but incorrect pattern-specific
connections yield abnormally strong activations of various
systems in the brain.

Pawel ]. Jastreboff, PhD, ScD, M.B.A, is currently Professor
Emeritus of Otolaryngology — Head and Neck Surgery at Emory
University School of Medicine, Atlanta, Georgia, and Visiting
Professor sine die at University College London, London, UK.
Dr. Jastreboff is recognized for his development of the first ac-
cepted animal model of tinnitus, the neurophysiological mod-
el of tinnitus and based on its clinical method of tinnitus and
DST treatment, known as TRT. Furthermore, collaborating
with Dr. Margaret M. Jastreboff, PhD, he proposed a concept,
name and treatment for specific version of DST - misopho-
nia — when patients exhibit negative reactions to particular
for a given patient patterns of sound. Dr. Jastreboff received
a PhD in Neurophysiology and Doctor of Sciences degree
(habilitation) in Neuroscience from the Polish Academy of
Sciences. He is a co-author of over 140 papers, 180 abstracts
and three books. In 1993 he received the prestigious Robert W.
Hocks award for his contribution to the field of tinnitus and
in 2014, at 11th International Tinnitus Seminar the Award for
Clinical Excellence, for 25 years of work with TRT. Currently
he continues his work in JHDE, Inc.

The role of family dynamics in misophonia: proposed
topics for formal study

affe I.].
Private Practice, Sherman Oaks, CA, US

As a solo practice clinician, over the past dozen years I have
seen many hundreds of individuals and families affected by
misophonia. I have taken their stories to heart and have con-
ducted several informal surveys to consider whether their
experiences are shared by others dealing with this complex
condition. As I am not in a university or medical setting, I do
not have the equipment or staff to conduct formal studies to
test my observations, questions, and conclusions. This ses-
sion will present the results of some of my informal surveys
in the hope that researchers might take this raw data and con-
duct studies to verify or dismiss my informal results. Included
will be my observations and surveys in the US addressing the
following questions:
1.Is there a larger percentage of people with misophonia in
the US who were raised in families of origin with more
highly structured religions (mainly Catholicism, but also
other more rigidly structured religions such as Orthodox
Jewish, Seventh Day Adventist, Southern Baptist, etc.) than
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in other less structured religions? [Reasoning: Possibly
more rigidity in family rules around behavior, especially
at the table, emphasis on right/wrong, guilt, shame].

2.Is there a larger proportion of Neanderthal DNA in peo-
ple with misophonia than those without misophonia?
[Reasoning: Misophonia appears to be survival brain in-
terpretation of certain sounds as danger, as ancient peoples
would have reacted].

3. Are people with misophonia more likely to have Myers-
Briggs types IJ (Introversion/Judgment) than the average
reported percentages of those types in the general popu-
lation? Would they have been in those categories prior to
or only resulting from misophonia?

4. Are people with misophonia more likely to have a fami-
ly lineage including this or other neurological disorders,
as compared to families without misophonia? [Reasoning:
there may be a genetic component to misophonia].

5.Do people with misophonia have higher ACEs (Adverse
Childhood Experiences) scores than comparison groups?
Is misophonia related to occurrence of a traumatic event
or ongoing? [Reasoning: may be a genetic link, but epige-
netics — stressful family circumstances — may have set off
initial reactivity].

6.1Is the area of the brain in which misophonia has been
mapped to occur in some way connected to the areas that
have been mapped in earlier OCD studies? [Reasoning:
there are many similar symptoms that may be related].

7. Are girls more often affected by misophonia in part be-
cause they are acculturated to be less assertive and to have
weaker boundaries around other people? [Reasoning: girls
tend to suppress negative emotions until they overflow].

My hope is that researchers may take an interest in explor-
ing some of these speculations that have grown from obser-
vations and informal surveys to determine if any validity to
these theories.

Jaelline Jaffe, PhD, has been a licensed psychotherapist in
Southern California since 1976, working with individu-
als, couples, and medical issues, which led to her establish-
ing LemonAidCounseling.com. For the past dozen years, her
practice has focused almost exclusively on sound sensitivity
disorders, mainly Tinnitus and Misophonia. She has worked
with many hundreds of Misophonia patients from age 8 to 70,
mostly with teens and young adults, who often find her via her
website, SensitiveToSound.com. Dr. Jaffe often works in con-
junction with audiologists across the US to assist their patients
with the intense emotional and family issues associated with
Tinnitus, Misophonia, and Hyperacusis. She has presented on
these topics at numerous professional conferences for audiol-
ogists as well as for psychotherapists. Dr. Jaffe is a cofounder
and Board member of the Misophonia Association, and also
program coordinator for their annual convention for hundreds
of patients and families. The 11th annual convention will take
place in November 2024 in Atlanta, GA. Dr. Jaffe is author
of the upcoming book “These Sounds are Driving Me Crazy!”
Training for Mental Health Professionals in Treating Sound
Sensitivity Disorders.
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Creating and using mobile applications for tinnitus
and hyperacusis assessment and therapy - a scientific
literature review

Sarnicka L', Karendys- Luszcz K.!, Fludra M.!, Raj-Koziak D.},
Skarzynski H.?

! Tinnitus Department, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland
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Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany; Poland

Introduction: Audiological aliments like tinnitus and hyper-
acusis require multidisciplinary care. Therapy for these ail-
ments should be available on a daily basis because of their
troublesomeness in everyday functioning. To meet this chal-
lenge, specialists are looking for solutions in increasingly
common access to the Internet and increasingly widespread
use of mobile devices. Furthermore, smartphones have an ap-
plication ecosystem that can be extended by new apps pro-
grammed for a particular health problem.

Aim: Assessment of the scale and direction of creating and
using mobile applications to diagnose and treat tinnitus and
hyperacusis.

Material and methods: Google Scholar and PubMed were
searched for the 13 years 2010-2023. The search strategy
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used the following keywords: “tinnitus mobile applications”,
“hyperacusis mobile applications”, “smartphone-based treat-
ment tinnitus/hyperacusis”, “smartphone-based diagnostic
tinnitus/hyperacusis”, “CBT apps”, “sound and relaxation
therapy apps’, “tinnitus/hyperacusis therapy smart”. The re-

sults of the review were catalogued and organized into themes.

Results: Results were organized into the following themes:
(1) ranking evaluation and analysis of applications supporting
tinnitus/hyperacusis therapy existing in the Internet space,
(2) applications supporting the diagnosis of tinnitus, with
particular emphasis on the EMAs (Ecological Momentary
Assesments), (3) applications supporting the therapy of tin-
nitus/hyperacusis (4) a look into the future - the use of sen-
sors built-in or connected with mobile devices, the use of
artificial intelligence (AI), bid data techonology.

Conclusions: Smartphone-based applications with EMAs,
sensors, possibility of using different wearable diagnostic de-
vices can be helpful in better understanding the tinnitus vari-
ability and its causes. Combining the mobile applications with
a mobile crowdsensing, central database and the support of
AT techniques is a valuable source for developing scientific
research. Clinically verified methods provided by mobile ap-
plications can become a part of the therapeutic process pro-
posed by specialists and enable easy, cost-free and wide range
of therapeutic support in dealing with tinnitus and hyperacu-
sis. In tinnitus/hyperacusis therapy multifunctional smart de-
vices managed by mobile applications such as: smart hearing
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aids, cochlear implants, hearables may be equally important.
The development of mobile technologies and Al techniques
will contribute to the creation of smart therapy platforms for
tinnitus/hyperacusis in the future.

Cross-cultural adaptation and validation of the Danish
version of Inventory of Hyperacusis Symptoms (HIS)

Steen Nembholt S.?, Helge C.%, Scutt P.**, Baguley D.M.,
Schmidt J.H.%7

" David M. Baguley passed away in 2022. This work is dedicated to
his memory.
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of Nordic Studies and Language Sciences, University of
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* National Institute for Health Research (NIHR), Nottingham
Biomedical Research Centre, Nottingham, UK

° Hearing Sciences, Mental Health and Clinical Neurosciences,
School of Medicine, University of Nottingham, UK

¢ Research Unit for ORL - Head & Neck Surgery and Audiology,
Odense University Hospital, Odense, Denmark

7 Open Patient Data Explorative Network, Institute of Clinical
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Objective: As there are currently no validated hyperacusis
questionnaires available in Denmark, the aims of the present
study were to (i) cross-culturally adapt a Danish version of the
Inventory of Hyperacusis (IHS) and (ii) investigate its usabili-
ty, validity, and reliability for Danish adults with hyperacusis.

Material and methods: The Inventory of Hyperacusis
Symptoms was translated into Danish using recently estab-
lished good practice guidelines. We carried out a two-phase
study to translate and culturally adapt the IHS into Danish
and to evaluate its clinometric properties (test-retest reliabil-
ity and convergent construct validity). Procedure and study
sample: the THS consists of 25 items grouped into five di-
mensional factors. We followed a six-step guideline for the
process of translating and culturally adapting questionnaires.
Steps 1-3 included translation into Danish, step 4 involved
a commiittee review to achieve cross-cultural equivalence in
the forward translation, step 5 involved cognitive debriefing
interviews to investigate the participants’ comprehension of
the questions, and step 6 finalized the process. In the second
phase, the adjusted questionnaire was tested for consistency
over time in a small sample of patients (n = 32).

Results: The overall scale exhibited high internal consistency,
indicated by a Cronbach’s alpha coefficient of 0.95, suggest-
ing good internal reliability. The internal reliabilities of the
subscales Psychosocial, Functional impact, Communication,
and Emotional arousal were deemed adequate, with coeffi-
cients of 0.92, 0.85, 0.80, and 0.75 respectively. However, the
subscale General loudness displayed lower internal reliabili-
ty with a coefficient of 0.66. The test-retest reliability analy-
sis revealed a strong positive correlation between the test and
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retest of the IHS (r=0.93, p <0.001). A paired ¢-test indicat-
ed no significant difference between the total scores of the
test and retest (p = 0.10). Most items demonstrated acceptable
test-retest reliability, with Cohen’s Kappa coefficients rang-
ing from 0.40 to 0.82. However, eight items did not meet the
recommended cut-off, with one item (item 2) having a kap-
pa value of 0.19, and seven items (items 3, 4, 5, 9, 10, 11, 22)
having kappa values ranging from 0.25 to 0.40. Four factors
showed acceptable reproducibility based on the ICC analysis.

Conclusions: We have demonstrated that the Danish transla-
tion of the THS seems to be a reliable and valid general meas-
ure of hyperacusis-related issues with potential for clinical
use. With respect to the subscales, further studies using the
IHS-DK and similar measures should clarify whether specific
hyperacusis distress measures can be identified.

Susanne Steen Nembholt is a Senior Researcher, PhD, with
a background in audiologopedics and psychotherapy. With ex-
tensive experience in the field of communication disorders,
particularly in tinnitus and hyperacusis among children and
adolescents, she has been involved in various research projects,
presentations, and advisory boards. Susanne has focused on
clinical guidelines, prevalence studies, and interventions for
these conditions in her publications. Her academic journey in-
cludes a PhD from the University of Southern Denmark and
a Master’s degree from the University of Copenhagen.

Effectiveness of combined psychological and behavioural
therapy in a person with audiological and neurological
ailments

Fludra M., Ganc M.2, Pastucha M.2, Sarnicka 1.},
Raj-Koziak D2, Jedrzejczak W.W.?

! Department of Experimental Audiology, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany; Poland

? Department of Tinnitus, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

Introduction: The aim of this study was to evaluate the ef-
fectiveness of psychological and behavioural therapy in im-
proving the quality of life of a person after tetraparesis with
comorbidities: tinnitus, hypersensitivity.

Case report: This case study concerns a 37-year-old patient
with tinnitus, hypersensitivity to noise and chronic arm pain.
The complaints occurred after a cervical spine reoperation.
The reoperation was performed because of a C1 to TH 2 epi-
dural haematoma and tetraplegia after the first surgery. The
patient’s quality of life and psychosocial functioning were
perceived to be significantly impaired. A diagnostic audi-
ological, psychological and neurophysiological assessment
(QEEG study) was performed. The patient was qualified for
HRV (heart rate variability) therapy and ACT (acceptance and
commitment therapy). After the interactions, changes in brain
bioelectrical activity in terms of Alpha-Betal and Beta2 waves
and an improvement in psychosocial state were observed.

Conclusions: The individualized, holistic approach applied to
the patient’s problems related to chronic complaints allowed
an improvement in his quality of life.
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Malgorzata Fludra is Psychologist employed at the Department
of Tinnitus of the Institute of Physiology and Pathology of
Hearing, Warsaw/Kajetany, Poland.

Evidence of validity for the English-translated
MisoQuest

Raymond K., Butler B.E.
Department of Psychology, Western University, London, Canada

Introduction: Although misophonia is characterized by dis-
tress and impairment, it is not yet classified as a psychological
disorder in diagnostic manuals, largely because it is unclear
how it should be defined and assessed. The MisoQuest, devel-
oped by Siepsiak and colleagues (2020), is a psychometrical-
ly promising self-report measure for misophonia. However,
the MisoQuest was written in Polish and validated in Polish-
speaking samples before being translated into English.

Objective: The current study aimed to evaluate the psycho-
metric properties of the English MisoQuest, establish prelim-
inary evidence of convergent and discriminant validity of the
MisoQuest, and investigate whether MisoQuest scores pre-
dict meaningful outcomes.

Material and methods: We recruited participants with
(n=44) and without (n =95) misophonia to complete a se-
ries of psychological measures, including the MisoQuest, the
GAD?7 for anxiety, and the SHS for sensory hypersensitivity.
Participants also completed an online cognitive task where
they read three short stories, one in each sound condition
(silence, aversive, and trigger). Following each story, partici-
pants answered ten multiple-choice questions about the con-
tent of the story. Their reading comprehension accuracy was
quantified as the percentage of questions answered correctly.

Results: We demonstrated that the English MisoQuest has
excellent internal consistency, strong test-retest reliability,
and that scores specifically tap misophonia symptom sever-
ity rather than generalized anxiety or broader sensory sen-
sitivities. Additionally, we established evidence of criterion
validity, demonstrating that higher MisoQuest scores pre-
dict lower reading comprehension accuracy in the presence
of trigger sounds, but not aversive sounds or silence. Overall,
this study indicates that the MisoQuest is a reliable and useful
measure for identifying misophonia in English-speaking in-
dividuals and that scores on this measure are related to clin-
ically relevant outcomes.

Kate Raymond, I learned about misophonia through my own
lived experience. For as long as I can remember, I have been
enraged by the sound of chewing gum. In high school, I found
the label for that experience, and during my undergraduate de-
gree at McMaster University, I began to study it. I quickly re-
alized that there was little empirical research on misophonia
and that the condition affected many other people. My moti-
vation to understand my own experience turned into scientif-
ic curiosity and a drive to make an impact through research.
I earned a Master of Science degree in clinical psychology at
Western University, where I evaluated the reliability and va-
lidity of misophonia assessments. I am currently a PhD stu-
dent at Western University, aiming to investigate the neural
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mechanisms underlying misophonia using naturalistic para-
digms that emulate real-world listening. Through this work,
I hope to contribute to a better understanding and treatment
of misophonia.

Exploring the cognitive dimensions of misophonia:
affective inflexibility and rumination

Black V.K., Allen K.J.D., Aazh H., Johnson S.L., Erfanian M.

Department of Psychology, University of California, Berkeley,
CA, USA

Hashir International Specialist Clinics and Research Institute for
Misophonia, Tinnitus & Hyperacusis, Guildford, UK

Misophonia is an under-researched condition character-
ized by a sensitivity to certain sounds and related stimuli.
Misophonic reactions depend heavily on the context sur-
rounding the triggers and their sources, pointing to the im-
portance of a cognitive aspect of the disorder, which is not
yet fully understood. Thus, the primary aim of this study is
to explore the relationship between misophonia and affective
inflexibility, a hypothesized cognitive feature of the disorder
that involves difficulties in shifting the way one responds in
the face of emotional stimuli. A secondary focus is a poten-
tial association between misophonia and different forms of
rumination, which is a mental process associated with affec-
tive inflexibility that involves repetitive negative thinking. In
the current study, 140 participants (mean age = 29.98 years;
SD =6.72; 49 female/ 91 male) with and without symptoms
of misophonia were recruited online via Prolific and miso-
phonia-related newsletters. Participants completed the recent-
ly developed Memory and Affective Flexibility Task (MAFT),
designed to assess affective flexibility, as well as a battery of
self-report measures to evaluate misophonia severity, rumi-
nation, and cognitive inflexibility, as well as symptoms of
anxiety and depression. We found positive correlations be-
tween affective inflexibility indices - specifically, decreased
accuracy and increased reaction time on the MAFT - and
overall misophonia severity. Honing in on specific symptom
domains of misophonia as measured by the S-Five, we found
a significant correlation between the affective inflexibility in-
dex of decreased switch accuracy and the impact, externaliz-
ing, and (although outlier-dependent) internalizing domains
of misophonia severity. Further, self-reported cognitive in-
flexibility was also positively associated with misophonia se-
verity. Based on multivariate regression analyses, three forms
of rumination - perseverative cognition, anger rumination,
and brooding - were all positively associated with misopho-
nia severity, even when controlling for symptoms of anxiety
and depression. These findings contribute to the understand-
ing of misophonia from a cognitive perspective, potentially
elucidating avenues for targets of future treatments.

Vivien Black is a recent graduate of the University of California,
Berkeley, where she earned an undergraduate degree with
Honors in Psychology. She is presenting her thesis project where
she investigates affective flexibility and rumination as they re-
late to misophonia symptoms. Outside of her research, Vivien
is involved with misophonia advocacy and helps lead a peer
support program with the organization SoQuiet.
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Investigating sensory gating in misophonia: evidence
from a paired-click EEG paradigm

Lodol E', Raymond K., Butler B.E.!
Department of Psychology, Western University; London, Canada

Introduction: Modern environments are filled with a com-
plex array of sounds. Since humans cannot attend to all these
auditory inputs simultaneously, the brain must suppress ir-
relevant sounds (Kaya and Elhilali, 2017). Typically, people
suppress repetitive sounds like chewing and pen clicking, but
these same sounds can elicit strong emotional reactions in
people with misophonia (Enzler et al., 2021). This suggests
that misophonia may be characterized by deficits in audito-
ry processing related to the suppression of repetitive sounds.
Auditory sensory gating is a neural process wherein behav-
iourally irrelevant sounds are filtered out to retain cogni-
tive resources for meaningful sounds (Mayer et al., 2009).
Notably, reduced sensory gating capacity is observed in clini-
cal samples with sensory and emotional deficits, such autism
spectrum disorder (Crasta et al., 2021).

Objective: The current study used EEG to investigate reduced
sensory gating capacity as a mechanism underlying the ex-
perience of misophonia.

Material and methods: We recruited individuals with var-
ying degrees of self-reported misophonia severity (assessed
using the MisoQuest) to complete questionnaires about their
sensory and emotional experiences. Additionally, they par-
ticipated in a standard paired-click ERP paradigm, which is
commonly used to assess sensory gating capacity (Boutros
and Belger, 1999). EEG data were acquired using a 32-channel
Biosemi system while participants sat upright and listened
to paired clicks delivered binaurally through headphones.
Sensory gating was quantified as a reduction in the P50 po-
tential evoked by the second of the two consecutive click
sounds. A reduction in the amplitude of the second P50
waveform (S2) relative to the first (S1) is taken as a measure
of sensory gating capacity.

Results: We demonstrated that higher MisoQuest scores are
associated with larger S2:S1 ratios in the P50 amplitude, sug-
gesting that greater misophonia severity is associated with
poorer sensory gating. MisoQuest scores were also positively
correlated with scores on the sensory gating inventory, indi-
cating that misophonia severity is associated with subjective
sensory gating deficits.

Conclusions: This research demonstrates that misophonia
may be characterized by reduced sensory gating capacity,
suggesting that people with misophonia may have bottom-
up deficits in auditory processing that influence the way they
perceive sound.

Kate Raymond, I learned about misophonia through my own
lived experience. For as long as I can remember, I have been en-
raged by the sound of chewing gum. In high school, I found the
label for that experience, and during my undergraduate degree
at McMaster University, I began to study it. I quickly realized
that there was little empirical research on misophonia and that
the condition affected many other people. My motivation to un-
derstand my own experience turned into scientific curiosity and
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a drive to make an impact through research. I earned a Master
of Science degree in clinical psychology at Western University,
where I evaluated the reliability and validity of misophonia as-
sessments. I am currently a PhD student at Western University,
aiming to investigate the neural mechanisms underlying mis-
ophonia using naturalistic paradigms that emulate real-world
listening. Through this work, I hope to contribute to a better
understanding and treatment of misophonia.

Misophonia and school functioning of children and
adolescents: teachers’ and parents’ perspectives

Michatowska M., Araszkiewicz W.
Faculty of Psychology; University of Warsaw; Poland

Misophonia, characterized by hypersensitivity to specific
sounds, significantly impacts family dynamics and children’s
school experiences. This study aims to understand this condi-
tion from teachers’ and parents’ viewpoints, providing insights
into coping strategies within educational and family contexts.
Research Questions: 1. Are teachers able to recognize symp-
toms of misophonia in students at school? 2. How do teachers
manage the challenges posed by misophonia? Do they view it
as a challenge affecting their professional experience? 3. How
do parents perceive and respond to their children’s symptoms
of misophonia at home? 4. What coping strategies do parents
employ to manage misophonia in both family and school set-
tings? 5. What support and intervention strategies do teach-
ers and parents prefer for dealing with misophonia? Research
Methodology: Participant Selection: The study involves teach-
ers and parents. Teachers working with students of various
age groups and parents of school-aged children are included.
Sample: Approximately 300 individuals will be surveyed, in-
cluding parents (both mothers and fathers). Additionally, 20
participants will be selected for in-depth interviews. Surveys:
Participants will complete anonymous surveys. In-Depth
Interviews: Selected participants will engage in detailed in-
terviews to discuss their experiences and coping strategies.
Expected Outcomes: This study aims to provide information
on how teachers and parents perceive misophonia and identify
effective coping strategies for managing this disorder in school
and family settings. This exploratory research addresses a sig-
nificant gap, as little is known about the experiences of those
dealing with misophonia in children and adolescents. Study
Objectives: The primary objective is to investigate the percep-
tions and experiences of misophonia in children and adoles-
cents from the perspectives of teachers and parents. The study
will explore its impact on family functioning and children’s
school performance. Significance of the Study: 1. Children
with Misophonia: Highlighting the need for support due to
the disorder’s relative obscurity and the subsequent impact
on students. 2. Parents’ Experience: Examining how parents
perceive their children’s symptoms and their connections with
school functioning, including interactions with teachers re-
garding misophonia. 3. Teachers’ Perspective: Assessing teach-
ers’ awareness of misophonia, their experiences with affected
students, and their observations on how these children func-
tion in the school environment. Project Outcomes: 1. Final
Report. 2. Conference Presentations. 3. Scientific Publication.
4. Public Dissemination. Dissemination: The study’s findings
will be shared through participation in student conferenc-
es, promotion on social media by student organizations, and
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dissemination among students at the Faculty of Psychology,
University of Warsaw. By the time of the conference, prelim-
inary results on parents’ and teachers perspectives and their
coping strategies for dealing with misophonia symptoms in
children will be available, with the qualitative interview phase
still to be conducted.

Reliability and validity of the Sound Sensitivity
Symptoms Questionnaire (SSSQ) and Hyperacusis Impact
Questionnaire (HIQ) in adults with hyperacusis

Daniel S.!, Sereda M.>?, Fackrell K.>*

! School of Medicine, University of Nottingham, UK

2 NIHR Nottingham Biomedical Research Centre, Nottingham,
UK

7 Hearing Sciences, Mental Health and Clinical Neurosciences,
School of Medicine, University of Nottingham, UK

Introduction: Hyperacusis is defined as a reduced tolerance
to sound(s) that are perceived as normal to the majority of the
population or were perceived as normal to the person before
their onset of hyperacusis. It can be complicated and challeng-
ing to live with as every aspect of life, work, education, can be
affected. A clear measure of sensitivity to sound is important.
Several questionnaires for hyperacusis have been developed,
including the Hyperacusis Impact Questionnaire (HIQ) and
Sound Sensitivity Symptoms Questionnaire (SSSQ). However,
these questionnaires need to be assessed for use online.

Objective: To independently evaluate the validity and reli-
ability of these questionnaires in a general adult population
reporting hyperacusis.

Material and methods: We evaluated the factor structure
using exploratory factor analyses, internal consistency us-
ing Cronbach’s Alpha, convergent and discriminant valid-
ity through their correlations with established measures
(e.g., Inventory of Hyperacusis Symptoms (IHS), Hyperacusis
Questionnaire (HQ), Tinnitus Function Index (TFI), Patient
Health Questionnaire-9 (PHQ-9), and General Anxiety
Disorder Scale-7 (GAD-7)) and floor and ceiling effects.

Results: Exploratory factor analyses revealed the HIQ has
unidimensional structure with high internal consistency
(Cronbach’s a =0.93). The SSSQ had a two-factor structure
(item 4 on 1 factor measuring misophonia) with moderately
high internal consistency (Cronbach’s a = 0.64). Discriminant
validity was established for both HIQ and SSSQ with low to
moderate correlations with the TFI (r=0.1), PHQ-9 (r=0.4),
and GAD-7 (r=0.4). Convergent validity was demonstrated
for both HIQ and SSSQ through moderately high correla-
tions with the HQ (r=0.6) and IHS (r=0.6). Both ques-
tionnaires also showed potential sensitivity issues with floor
and ceiling effects.

Conclusions: Overall, both instruments demonstrated accept-
able internal consistency and construct validity, confirming
their utility for assessing sound sensitivity and hyperacusis
impact. However, SSSQ item 4 measured a different construct
than the other items in the SSSQ due to it being misophonia-
based, although its inclusion could be deemed as informative
for clinical use but should not be included in the overall score.
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Future studies should explore additional validations and con-
duct longitudinal assessments to enhance these tools further.

Magdalena Sereda is an Associate Professor at the NIHR
Nottingham Biomedical Research Centre, University of
Nottingham. Her research focuses on assessing the effective-
ness of NHS contracted sound therapy options for tinnitus,
clinical management of hyperacusis, and non-invasive brain
stimulation for tinnitus. Magdalena graduated from Warsaw
University in Biology and obtained a PhD in Neuropsychology
from the Institute of Experimental Biology, Warsaw. As a Guest
Researcher at Humboldt University, Berlin, she researched
animal models of tinnitus. Later, she worked as a Career
Development Fellow at the MRC Institute of Hearing Research
in Nottingham to look at objective characterisation of tinnitus
using magnetoencephalography. Over the years Magdalena’s
research has concentrated on several aspects of the function-
ing of the auditory system, including cochlear implant technol-
ogy and tinnitus. She has over 20 years’ experience of working
with people with different hearing disorders including tinnitus
sufferers, cochlear implant users and deaf adolescents. She has
gained experience in various audiological, neuropsychological
and psychophysiological techniques as well as in vitro animal
electrophysiology and brain imaging methods (MEG).

Investigation of the relationship between hyperacusis
and misophonia severity and depression and anxiety

Oztiirk Ozdes N.'%, Anadolyu R.Y.?

! Department of Audiology and Speech Disorders, Institute of
Health Sciences, Ankara University, Ankara, Turkey

? Vestibular and Speech Disorders Diagnosis and Rehabilitation
Center, Ankara University Ibn-i Sina Hospital Audiology;
Ankara, Turkey

? Otorhinolaryngology Department, Faculty of Medicine, Ankara
University, Ankara, Turkey

Objective: Hyperacusis and misophonia are frequently as-
sociated with psychiatric comorbidities. The relationship be-
tween symptom severity and depression and anxiety has not
been directly demonstrated.

Aim: The aim of this study was to investigate whether there
is a correlation between the severity of hyperacusis and mis-
ophonia and depression and anxiety.

Material and methods: Participants consisted of 12 adults
who presented to the audiology clinic with complaints of de-
creased sound tolerance. Each participant underwent audio-
logic evaluation (pure tone audiometry, speech audiometry,
immittancemetric examination, speech tests) and decreased
sound tolerance assessment (scales and questionnaires, loud-
ness discomfort level measurement). The Khalfa Hyperacusis
Questionnaire (HQ), Misophonia Symptom List (MSL) and
loudness discomfort level measurement (LDL) were used to-
gether to differentiate decreased sound tolerance. Individuals
with both hyperacusis and misophonia who were reported
to have normal hearing on audiologic evaluation were in-
cluded in the study. Hyperacusis Handicap Questionnaire,
Misophonia Scale, Beck Depression Scale and Beck Anxiety
Scale were administered to all participants. The correlation
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between the severity of hyperacusis and misophonia and
anxiety and depression scores were evaluated.

Results: A moderate positive significant correlation was found
between hyperacusis severity and depression score (r=0.633;
p=0.03). No significant relationship was observed between
hyperacusis severity and anxiety score (p>0.05). No sig-
nificant correlation was observed between the number of
misophonic triggers and the score of misophonia scale and
depression and anxiety (p > 0.05).

Conclusions: Increased severity of hyperacusis may increase
depression. Future studies should be continued by increasing
the number of data for a reliable interpretation of the find-
ings. Keywords: anxiety, depression, hyperacusis, misophonia.

Nazife Oztiirk Ozdes is a research assistant in audiology at
Ankara University, Turkey and a PhD student in her thesis
period. Her main academic interests are tinnitus, decreased
sound tolerance and auditory processing. She is currently work-
ing in the audiology clinic of Ankara University, Turkey, where
she is interested in the diagnosis and rehabilitation of tinni-
tus and decreased sound tolerance. In addition, she has been
working on the development of a rehabilitation program for
individuals with hyperacusis and misophonia. She is also a
volunteer research assistant at Hashir International Specialist
Clinics & Research Institute for Misophonia, Tinnitus and
Hyperacusis. She is a student member of the International
Society of Audiology.

Multidisciplinary management of misophonia: our
algorithm

Banyra O.!, Jourkiv O.?, Didkovskiy V.?, Nikitin O.%,
Kornyenko O.%, Ventskivska L.¢, Kechur Z.7, Letsyk M.*

! Department of Urology, St. Paraskeva Medical Centre, Lviv
Ukraine

2 Psychiatrist, Psychotherapist, Child and Family Counseling
Group, PL.C., Fairfax, VA, USA

? Department of Otorhinolaryngology, Bogomolets National
Medical University, Kyiv, Ukraine

* Department of Urology; Bogomolets National Medical University,
Kyiv, Ukraine

? Department of Sexopathology and Andrology; S.I. “Academician
O.E Vozianov Institute of Urology of the National Academy of
Medical Sciences of Ukraine’, Kyiv, Ukraine

° Department of Gynecology; Bogomolets National Medical
University, Kyiv, Ukraine

7 Psychiatrist, Psychotherapist, St. Paraskeva Medical Centre, Lviv;
Ukraine

8 Department of Otorhinolaryngology; St. Paraskeva Medical
Centre, Lviv, Ukraine

Introduction: Misophonia as a selective sound hypersensi-
tivity has been relatively new recognized mental disorder that
characterized by different negative emotions and behavior
inspired by specific triggering sounds. Among medical spe-
cialists misophonia sufferers have been called “misophonics”.
Misophonics have been experiencing different grades of anx-
iety, disgust, rage and/or fear as well other negative feelings
when they hear individual specific sound triggers. The neg-
ative emotions of sufferers complicate of even destroy their
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ability to perform usual daily activities and thus may impact
their quality of life. Although there is a certain quantity of
misophonics in general population, many general practition-
ers, ear, nose and throat (ENT) doctors, and other medical
specialists face the difficulties of diagnosing and management
misophonia. It is newly recognized pathology without strict
diagnostic/treatment protocol and follow-up. Basing on our
own experience we aimed to assess the quality of life in mis-
ophonics and create a multidisciplinary algorithm for miso-
phonia management.

Material and methods: We analyzed our experience of man-
agement 293 individuals with sound hypersensitivity. The
results of routine audiological tests and self-report question-
naires were gathered retrospectively from the records of the
patients. Measures included pure tone audiometry, uncom-
fortable loudness levels (ULLs), and responses to the tinnitus
impact questionnaire (TIQ), the hyperacusis impact question-
naire (HIQ), and the screening for anxiety and depression in
tinnitus (SAD-T) questionnaire.

Results: Audiological testing with subsequent ENT coun-
seling let us separate misophonics from people with other
hearing disorders characterized sound hypersensitivity. We
revealed hyperacusis 212 (72.4%) pts with sound hypersen-
sitivity. Their average A-MISO-S total score was 0. Other 81
(27.6%) pts were characterized by normal audiometric param-
eters while their average A-MISO-S total score was 9.6 +4.8.

Conclusions: Misophonia can occur both in isolation and
in combination with certain mental illnesses. It is worsening
overall quality of life as well as quality of sexual life in suffer-
ers. Proposed own multidisciplinary algorithm of manage-
ment can be a helpful tool for doctors in different specialties
to provide proper care for misophonics. Considering the neg-
ative influence of misophonia on the quality of overall and
sexual life in sufferers, urologists/gynecologists and sexolo-
gists should be included into the multidisciplinary team for
correct medical support of sufferers.

Oleg Banyra, MD, Department of Urology, St. Paraskeva
Medical Centre, Sophia Jabonska Street, 7, 79019, Lviv, Ukraine.

Tinnitus reduction after stapedotomy

Skarzynski H.!, Porowski M.!, Raj-Koziak D.?, Dziendziel B.%,
Skarzynski P.H.*?

! Oto-Ryno-Larygology Surgery Clinic, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

? Department of Tinnitus, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

? Rehabilitation Clinic, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

* Department of Teleaudiology and Screening, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany; Poland

? Institute of Sensory Organs, Kajetany, Poland

Introduction: Otosclerosis is a bone remodeling disorder
within the otic capsule of the temporal bone. According to
the literature, 65-90% of patients with otosclerosis experience
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tinnitus. The most commonly used and most effective treat-
ment for otosclerosis is surgery, including stapedotomy or
formerly stapedectomy, with both these techniques providing
satisfactory results in hearing improvement. Many clinicians
and investigators report a substantial reduction of tinnitus af-
ter stapes surgery in patients with otosclerosis.

Aim: To assess tinnitus reduction after stapedotomy.

Material and methods: The study population was 95 patients
with otosclerosis suffering from tinnitus. They completed
the Tinnitus Functional Index (TFI) before stapedotomy and
3 months after the surgery. The minimal important change
was estimated with the Clinical Global Impression (CGI) scale
as the external criterion (anchor). The mean change meth-
od and the receiver operating characteristic (ROC) method
were used to determine a minimal important change in tin-
nitus sensation.

Results: The improvement in tinnitus after stapedotomy was
reported by 69.4% of the patients with otosclerosis. Minimal
important change in tinnitus was estimated as a reduction of
8.8 points in the TFI.

Conclusions: The value of 8.8 points in the TFI can be used
as a benchmark of stapedotomy effectiveness in otosclerosis
patients suffering from tinnitus.

The use of heart rate variability (HRV) biofeedback
therapy in the treatment of misophonia

Ganc M.}, Pastucha M.!, Karendys-Luszcz K.2, Fludra M.2,
Raj-Koziak D2, Jedrzejczak W.W.!

! Department of Experimental Audiology, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

? Department of Tinnitus, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

Introduction: Misophonia is characterized by an extreme
sensitivity to specific sounds that provoke intense emotion-
al and physiological responses. Despite significant interest,
many questions about the origins of misophonia and effective
treatment methods remain unresolved. Current treatment ap-
proaches often include cognitive behavioral therapy, relaxa-
tion techniques, and sound therapy, which collectively aim to
diminish hypersensitivity and enhance patients’ quality of life.

Objectives: This study aimed to evaluate the potential ef-
ficacy of heart rate variability (HRV) biofeedback therapy
in the treatment of misophonia, based on a case study of
a 30-year-old woman.

Material and methods: The case study focuses on a patient
with auditory hypersensitivity and misophonia, who is irri-
tated by specific sounds such as slurping, gurgling, dripping
water, clattering shoes, and barking dogs. She has been experi-
encing these symptoms for about 15 years and has noticed an
increase in sensitivity to sounds during her pregnancy, lead-
ing to tension, anger, and helplessness. Due to the patient’s
pregnancy, pharmacological treatment was not an option.
Instead, a quantitative analysis of brain bioelectrical activity
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(quantitative electroencephalogram, QEEG) was conducted,
revealing an overexpression of fast Beta 1 and Beta 2 waves
in most recordings. The patient underwent heart rate vari-
ability (HRV) therapy, with optimal respiratory parameters
(7.5 breaths/minute) determined and applied during therapy.
Fifteen HRV training sessions were conducted in three series
of five sessions each, held from Monday to Friday with a week-
ly break between series (1.5 months in total). Concurrently,
the patient participated in psychological therapy. QEEG test-
ing was repeated after the therapy.

Results: After therapy, there was a reduction in the relative
power of QEEG in the Theta (4-8 Hz) and Alpha (8-12 Hz)
waves and fast Beta2 (20-34 Hz) waves in the frontal and
central brain regions, which was particularly evident in the
signal recorded with the eyes closed. These changes were
consistent with the patient’s subjective feelings — she sleeps
better, is relaxed and calm. She is also able to ignore sounds
that previously irritated her.

Conclusions: The utilization of HRV therapy led to a prompt
enhancement in the patient’s daily functionality as well as
changes in QEEG, with a notable improvement observed
within a period of 1.5 months. The potential application of
HRYV biofeedback therapy in the treatment of misophonia is
a promising avenue for further investigation.

Malgorzata Pastucha is an Audiologist and Special Educator.
She graduated from the Faculty of Physics and Educational
Studies at the A. Mickiewicz University in Poznan. Her cur-
rent field placement is with the Experimental Audiology
team in the Institute of Physiology and Pathology of Hearing.
She is interested in objective tests of the auditory organ and
electroencephalography.

What would be the factors linked to hyperacusia in
schools?

Sanfins M.D."?, Fecchio Paulino T.!, Skarzynski P.H.>?,
Alves Branco Barreiro EC.!

! Department of Audiology and Speech Pathology, Universidade
Federal de Sio Paulo (UNIFESP), Sio Paulo, Brazil

2 Teleaudiology and Screening Department, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany; Poland

? Institute of Sensory Organs, Kajetany, Poland

Introduction: The integrity of the auditory system is crucial
for students to have optimal settings for the learning process.
Nevertheless, certain auditory alterations can impede this
progress, such as hyperacusis, which is characterized by a di-
minished ability to tolerate common and/or ambient sounds.

Objectives: The aim of this study was to examine the occur-
rence of sound intolerance and identify the related factors in
school-aged children.

Methods: The present investigation was conducted as a cross-
sectional, prospective, and descriptive observational study, in-
volving the evaluation of 60 youngsters of both genders. The
evaluation was conducted via a questionnaire that was com-
pleted by parents and/or guardians via the virtual platform.
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The inquiries centered on sociodemographic information
on past and present health, as well as auditory well-being.
Additionally, it is noteworthy that the children were also in-
quired about their self-perception of tinnitus, hearing, and
hypersensitivity to sounds.

Results: The findings of the current study revealed that 48%
of the students assessed experience annoyance from certain
sounds, and in 15% of them, the discomfort is triggered by
more than five auditory stimuli. The sounds that were most
frequently reported as causing discomfort were screams, ac-
counting for 17.4% of the reports, followed by motorbikes at
7.8%. In addition, there was an observed correlation between
various discomforts such as odors/lights (15%) and motion
sickness (23.3%). An analysis comparing auditory hypersen-
sitivity and parents’ opinion of their children’s perception re-
vealed that 8.3% of children exhibited hypersensitivity.

Conclusions: The findings indicated that 8.3% of schoolchil-
dren have a sound intolerance. When it comes to elements
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linked to hyperacusis in children, it has been noted that stu-
dents who experience discomfort from light or scents also
exhibit higher levels of aural hypersensitivity. Furthermore,
motion sickness had no bearing on hyperacusis instances.

Milaine Dominici Sanfins is a Professor of Audiology at
the Universidade Federal de Sdo Paulo — Escola Paulista de
Medicina (UNIFESP); Postdoc at the World Hearing Center,
Warsaw, Poland; Sandwich Doctorate by School of Medical
Sciences, State University of Campinas (FCM-UNICAMP)
and by Universita degli Studi di Ferrara/Italy; Expertise in
Audiology by Federal Council of Speech Therapy and Audiology;
Speech Therapist and Audiologist, Master by Medical School
of University of Sao Paulo (FMUSP); Professor of the Post-
graduate program in Clinical Audiology at the Albert Einstein
Israelite Institute of research and teaching; Reviewer of scien-
tific articles in the area of Neuroaudiology, Neuroscience and
Audiology; Research group member, Institute of Physiology and
Pathology of Hearing, Kajetany, Poland.
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Cellular senescence in inner ear physiology and disease
Varela-Nieto L., Franco-Caspueiias S., Jiménez-Lara A.M.

Institute for Biomedical Research Sols-Morreale, CSIC-UAM &
CIBERER-ISCIII, Madrid, Spain

Cellular senescence, a state of permanent cell cycle arrest, is
vital in embryonic development, including inner ear forma-
tion. During this process, senescent cells aid morphogene-
sis by regulating tissue remodeling and ensuring proper cell
differentiation. Senescent cells are characterized by distinc-
tive morphological and physiological changes, including en-
larged cell size, increased P-galactosidase activity, altered
gene expression, and the secretion of various inflammato-
ry cytokines, chemokines, and proteases, collectively known
as the senescence-associated secretory phenotype (SASP).
Senescence cells secrete factors that shape the development
of auditory structures like the cochlea and vestibular appa-
ratus. Deficits in embryonic senescence can lead to malfor-
mations and functional impairments in the inner ear. This
highlights the importance of regulated senescence for proper
inner ear development. Vestibular schwannomas, age-asso-
ciated benign tumors from Schwann cells of the vestibu-
lar nerve, further illustrate senescence’s role in ear health.
These tumors can cause hearing loss, tinnitus, and balance
issues. In tumors, senescence can both suppress and promote
growth. While senescence halts uncontrolled cell prolifera-
tion, the senescence-associated secretory phenotype (SASP)
can create a pro-tumorigenic environment, enhancing tumor
survival and progression. Understanding senescence’s dual
roles in embryonic development and tumorigenesis is cru-
cial for targeted therapies. In embryonic contexts, promot-
ing proper senescence could prevent anomalies. In vestibular
schwannomas, modulating senescence and SASP factors may
improve outcomes, indicating the potential for senescence-
targeted interventions in developmental and neoplastic in-
ner ear conditions.

This work was supported by PID2020-THEARPY and
BenBedPhar-COST.

Chronic electrical stimulation may slow down deafness-
induced neural degeneration but does not change
responsiveness of the auditory nerve

Versnel H."?, Simon A.!, Ramekers D.!3

! Department of Otorhinolaryngology and Head & Neck Surgery,
University Medical Center Utrecht, Utrecht, the Netherlands

2 UMC Utrecht Brain Center, Utrecht, the Netherlands

? Department of Otorhinolaryngology and Head and Neck
Surgery, Antwerp University Hospital, Edegem, Belgium

Introduction: The auditory nerve degenerates after severe
damage to the organ of Corti including loss of hair cells and/or
synapses. It is often assumed, based on the use it or lose it
principle, that activation of the auditory nerve by chronic
electrical stimulation (CES), as delivered by a cochlear im-
plant (CI), halts further neural degeneration. However, data
in both animal and human literature (e.g., Seyyedi et al., 2013)
do not convincingly support that assumption. In the present
study we examined the effect of CES on the auditory nerve
in deafened guinea pigs, applying both structural and func-
tional measurements.

Material and methods: Normal-hearing guinea pigs received
an intracochlear electrode array and were ototoxically deaf-
ened four weeks later by co-administration of kanamycin and
furosemide. CES treatment started either one or five weeks
after deafening, and it was applied for 6 days/week during 2
weeks. The CES stimuli consisted of asymmetric charge-bal-
anced current pulses of 300 pA presented at quasi-random
variable pulse rate (0.7-1.9 kHz; 1 kHz on average). Using a
MED-EL PULSAR stimulator, awake eCAP recordings were
weekly performed as described in Ramekers et al. (2022).
Following the final eCAP recording session the animals were
sacrificed, and their cochleas were processed for histological
quantification of the spiral ganglion cells (SGCs).

Results: SGC survival was similar for the implanted right and
the non-implanted left ears in control animals. The SGCs in
the implanted ear were significantly larger than those in the
non-implanted ear. Animals receiving CES showed a mod-
erate but statistically significant increase in SGC survival in
their implanted/stimulated ear compared to the contralater-
al ear; cell size across ears was similar in these animals. We
did not observe a difference in any of the several eCAP out-
come measures between CES treated animals and untreat-
ed control animals.

Conclusions: CES slows down, but does not stop SGC degen-
eration, which is consistent with previous studies in animal
models and CI users. CES is nor beneficial neither detrimen-
tal for the nerve’s responses to electrical stimuli as delivered
by a CL
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Cochlear stress granules: potential regulators of stress
and survival in the inner ear

Gale J.
UCL Ear Institute, London, UK

Sensory hair cell death is a primary cause of adult-onset sen-
sorineural hearing loss. It is well established that, in mammals,
cochlear hair cells are not regenerated and thus hearing loss
resulting from hair cell death is permanent. Understanding
the mechanisms that determine hair cell death is therefore
essential to provide effective therapies for protecting those
cells. Stress granules are membrane-free aggregates of mRNA
and RNA-binding proteins that form during cellular stress. By
controlling the fate of mRNAs, SGs play a key role in the post
transcriptional regulation of gene expression during stress.
Stress granules assemble rapidly when cells are exposed to
stress and normally disperse when the stress is resolved. I
will discuss our research on stress granules and their poten-
tial role in the homeostatic response of cochlear cells to oto-
toxic drugs that cause hair cell loss and deafness.

Deciphering the genetic background of autosomal
dominant hearing loss

Ozigblo D.!, Leja M.L.}, Gan N.', Baldyga N.!, Sarosiak A.},
Skarzynski H.?, Otdak M.!

! Department of Genetics, Institute of Physiology and Pathology of
Hearing, Warsaw/Kajetany, Poland

2 Oto-Rhino-Laryngology Surgery Clinic, Institute of Physiology
and Pathology of Hearing, Warsaw/Kajetany, Poland

Introduction: Autosomal dominant hearing loss (ADHL)
is the second most common form of inherited HL with an
onset usually after the first decade of life. It affects main-
ly high frequencies and progresses over time. Autosomal-
dominant genes are responsible for about 20% of cases of
hereditary non-syndromic deafness, with 63 different genes
identified to date.

Material and methods: In this study, 105 families with a
vertical inheritance pattern of hearing impairment were re-
cruited. Genomic DNA was isolated from peripheral blood
samples or buccal swabs of available family members. In all
probands targeted next-generation sequencing (NGS) using
a targeted multi-gene panel (237 genes) was performed. In 6
largest unsolved families linkage analysis and whole genome
sequencing (WGS) were performed. Presence of the select-
ed probably pathogenic variants and their segregation with
HL within the family were confirmed by standard Sanger
sequencing.

Results: Genetic cause of ADHL was identified in 43.8%
(46/105) of the examined families. Among the 46 identified
HL variants only 26% (12/46) have been previously report-
ed and the remaining 74% are novel (34/46). We identified
missense variants (27/46; 58.7%), splice site variant (9/46;
19.5%), stop-gain variants (5/46; 10.9%) as well as frameshift
variants (5/46; 10.9%).
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Among the most common causative genes were MYO6 (n =8),
TBC1D24 (n =5), KCNQ4 (n=4), GSDME (1 = 4), POU4F3
(n=4) and WFSI (n=4). Pathogenic variants causative of
HL in the NLRP3, LMX1A, FGFR3, CD164, GRHL2, TMCI,
COCH, ATP2B2 and CEACAM16 genes were detected in sin-
gle families. Implementation of linkage analysis and WGS
resulted in the identification of the non-coding variants in
the EYA4 and ATP11A genes and two novel candidate genes.

Conclusions: Our custom multigene panel has demonstrat-
ed good diagnostic performance. Considering frequent iden-
tification of novel genetic variants it is necessary to perform
thorough clinical examination and variant segregation anal-
ysis with ADHL in all available family members. The use
of linkage analysis and WGS increases the detection rate of
causative variants, especially located in the non-coding re-
gions, and provides the opportunity to identify novel genes.

Grant: 2016/22/E/NZ5/00470 National Science Centre,
Poland.

History of the Inner Ear Biology Meeting
Zenner H.-P.
University of Tiibingen, Germany

The IEB’s inaugural assembly convened under the name of
“Arbeitstagung fiir Innenohrbiochemie” (Ear Biochemistry)
in 1964 within the environs of Diisseldorf, Germany, orches-
trated by Sigurd Rauch (1916-2003), gathering a select cohort
of burgeoning otolaryngologists with a proclivity for scholar-
ly inquiry. Spanning the period from 1964 to 1967, four sym-
posia on Inner Ear Biochemistry were convened in Germany,
marking the nascent stages of a burgeoning scholarly endeav-
or. However, the intellectual purview of these gatherings swift-
ly transcended national boundaries, metamorphosing into an
international discourse. The seminal year of 1968 witnessed
a pivotal milestone as the venue shifted beyond the confines
of Germany, alighting upon Ziirich, concurrently accompa-
nied by an appellation modification from “Workshop on Inner
Ear Biochemistry” to the more encompassing “Workshop on
Inner Ear Biology” Since its seminal expansion, the convo-
cation has traversed a series of locales and nations annual-
ly, responding to invitations from a diverse array of hosts.
Attendance burgeoned precipitously, only to plateau subse-
quently, stabilizing at a robust cadre numbering between 100
to 200 attendees. The workshops have perennially exuded a
distinctive ambiance, meticulously nurtured and preserved
throughout successive iterations. Their paramount objective,
both then and now, remains the fostering of an environment
conducive to candid exchange, characterized by affability in-
terwoven with rigorous intellectual debate. This ethos facil-
itates the cultivation of enduring professional connections,
even amongst dissenting viewpoints. Notably, the workshop
serves as a veritable nexus for biologists and otolaryngolo-
gists alike, fostering interdisciplinary discourse and collabo-
rative problem-solving. Otolaryngologists, notwithstanding
their clinical commitments, assume a pivotal role in fostering
cohesion amidst this interdisciplinary amalgamation, there-
by augmenting the workshop’s enduring legacy.
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Identification of feedforward/feedback contributions
to age-dependent hearing loss and tinnitus using
OPM-MEG

Knipper M.!, Siegel M.%, Fink S.!, Donoso-San Martin R.">,
Delano P.H.?, Wolpert S.!, Braun C.2, Riittiger L.!

! Department of Otolaryngology, Head and Neck Surgery, Hearing
Research Centre Tiibingen, Molecular Physiology of Hearing,
University of Tiibingen

2 MEG-Center, University of Tiibingen, Germany

? Laboratorio Neurobiologia de la Audicion, Departamento de
Neurociencia, Facultad de Medicina, Universidad de Chile,
Santiago, Chile

Acquired auditory processing disorders including age de-
pendent hearing loss, speech discrimination deficits, tinni-
tus or hyperacusis, require a personalized diagnosis to assign
the individual cause within the auditory hierarchy to either
the periphery, subcortical or distinct cortical or cortico-fugal
neuronal dysfunctions. The well-functioning feedforward and
feedback PV-IN network is an essential precondition for tem-
poral intracortical network function in audition that above
all senses relies on high speed of information flow (Zajac I.T.
and Nettelbeck T., 2018). We hypothesize disease-specific
deficits in temporal intracortical network function in audi-
tory circuits. Therefore, the diagnostic of those should have
a special significance. We used time-sensitive MEG-OPM
measurements and aimed to study different auditory stimu-
lus paradigms to detect fast auditory processing in different
groups of tinnitus with and without hyperacusis or presbycu-
sis. We expect this method to become an efficient diagnostic
strategy to fathom peripheral or central contribution of the
distinct auditory impairments in the future to improve in-
dividualized targeted interventional therapies. Here we will
present preliminary results demonstrating the usability and
function of the OPM-MEG for hearing research.

This work was supported by the Deutsche Forschungs-
gemeinschaft DFG KN 316/13-1, DFG RU 713/6-1, ERA-
NET NEURON JTC 2020: BMBF 01EW2102 CoSySpeech
and FWO GOH6420N.

Irx3/5 null deletion in mice blocks cochlea-saccule
segregation

Fritzsch B.!, Yamoah E.N.?, Pavlinkova G.?, Sham M.H.*

! Department of Neurological Sciences, University of Nebraska
Medical Center, Omaha, NE, USA

? Department of Physiology and Cell Biology, School of Medicine,
University of Nevada, Reno, NV, USA

3 Laboratory of Molecular Pathogenetics, Institute of
Biotechnology CAS, Vestec, Czechia

* School of Biomedical Sciences, The Chinese University of Hong
Kong, Shatin, Hong Kong SAR, China

Introduction: A gene cadre orchestrates the normal devel-
opment of sensory and non-sensory cells in the inner ear,
segregating the cochlea, the organ of Corti, and five vestib-
ular endorgans. Evolution transforms the basilar papilla in
sarcopterygians into the cochlea in mammals. However, the
role of genes driving the ear development is largely unknown.
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Material and methods: We used double null mice for Iroquois
homeobox 3 (Irx3) and 5 (Irx5) transcription factors (Irx3/5
DKO). Mice can survive to about E16.5, after that they occa-
sionally can reach at E17.5.

Results: We show that double deletion of (Irx3/5 DKO) mice
leads to the fusion of the saccule with the cochlear base. The
medial rows of cochlear HCs in the expanded sensory epi-
thelium assumed vestibular-like hair cells near the modio-
lus while others seem like cochlear hair cells. The otoconia
and tectorial membranes are needed for normal function but
are absent in the Irx3/5 DKO inner ear. The mutant cochlea
showed a reduced spiral ganglion neuron population, which
projects fibers to both saccular- and cochlear-like HCs. The
central projections from the cochlear apex-base contour are
not fully segregated into a dorsal and ventral innervation in
the Irx3/5 DKO cochlear nucleus. An expansion of the cochle-
ar dorsal nuclei in the brainstem reaches vestibular fiber con-
nections only in the Irx3/5 DKO. Additionally, the auditory
and vestibular systems in Irx3/5 DKO mice are interconnect-
ed, characterized by the formation of bilateral connections
between the descending vestibular and ascending apex that
also demonstrates a unique interconnectedness between the
cochlear apex and the vestibular neurons, a “vestibular-coch-
lear” nerve (VCN) in the mouse inner ear.

Conclusions: We suggest that it indicates the mammalian
cochlear apex, which is a derived from the lagena. Further,
a newly bilateral connection between the vestibular and
apex are reminiscent of sarcopterygians based on fibers and
neurons.

The cognitive ear: the emerging role in the aging
Fetoni A.R.!, Pisani A.!, Paciello E?

! Department of Neuroscience and Audiology Unit, University of
Naples Federico II, Naples, Italy
? Department of Neuroscience, Catholic University of Rome, Italy

Hearing impairment is known as a major clinical risk factor
for cognitive decline, with relevant clinical implications for
dementia prevention, diagnosis, and treatment. However, the
complex pathophysiological relation between hearing impair-
ment and dementia remains to be fully defined. Consistently
with the concept of an “hearing health trajectory;,” beginning
at conception/birth and continuing throughout life in which
environmental factors, such as noise, medicaments, and life-
styles (e.g., alcohol, smoking, diabetes, and weight gain),
contribute to affect hearing. Several studies identified the ex-
posure noise-induced hearing loss (NIHL) as a risk factor for
sensory aging and cognitive decline processes. Although the
association among age related hearing loss (ARHL), NIHL,
and cognitive impairment has been clinically widely docu-
mented the molecular mechanisms underlying this associa-
tion are not fully understood, and it is not known how these
risk factors (sensory aging and noise) can interact, affecting
brain functions. We recently found that early noise exposure
in an established animal model of ARHL (C57BL/6 mice) ac-
celerates the onset of age-related cochlear dysfunctions. While
an animal model of Alzheimer’s disease (AD), that is the
3 x Tg-AD mice we found that NTHL before that phenotype
is manifested, caused persistent synaptic and morphological
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alterations in the auditory cortex and earlier hippocampal
dysfunction, increased tau phosphorylation, neuroinflamma-
tion, and redox imbalance, along with anticipated memory
deficits compared to the expected time-course of the neuro-
degenerative phenotype. Furthermore, in the WT mice also
HL, can accelerate ARHL onset inducing persistent synaptic
alterations in both auditory cortex and hippocampus affect-
ing memory performance and oxidative-inflammatory inju-
ry. Collectively, our experimental data confirm the existence
of “cognitive ear” that can be early affected, thus midlife HL
can be responsible for a hippocampal-dependent memory
dysfunction. Considering that memory dysfunction is usu-
ally the first cognitive symptom of dementia (like AD) on-
set, from a translational point of view, our results support the
hypothesis that associating auditory and memory screenings
could represent a powerful non-invasive tool to potentially
identify subjects with a high risk to develop dementia, allow-
ing early diagnosis and treatment.

The impact of OAEs on hearing science and the inner ear
research

Hatzopoulos S.

Department of Neurosciences & Rehabilitation, University of
Ferrara, Italy

Otoacoustic Emissions (OAEs) are vibrational patterns which
are recorded in the external meatus, upon stimulation of the
ear by a transient or sinusoidal signal. They were discovered
by David Kemp in 1978 but their true potential in gauging
the functional status of the cochlear amplifier never truly
shined and thus this tool never made the impact we were
hoping to make, back in the 80s. This lecture will present an
excursus of some interesting developments the last 45 years,
based on otoacoustic emissions in three key areas of hearing
science, such as: (i) screening for hearing deficits (neonatal
screening, adult screening, drug efficiency monitoring etc.);
(ii) pharmacology testing models; (iii) inner ear modelling.
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The resident mast cells are a component of the cochlear
immune system

Szczepek A.]., Bassiouni M., Karayay B., Zeng B., Kong L.,
Olze H.

Department of ORL, Head and Neck Surgery, Charité
Universitaetsmedizin Berlin, German y

The immune system is often conceptualized as the body’s
internal police force. Its innate components (macrophag-
es, dendritic cells, neutrophils, eosinophils, basophils, mast
cells, and the complement system), in conjunction with the
acquired immunity (T cells, B cells), are responsible for the
surveillance of the body, discrimination between “self” and
“non-self;” recognition of pathogens and toxins, and appro-
priate defense if needed. In addition to the classic lymphoid
tissues, such as the thymus, spleen, and lymph nodes, im-
mune system cells are found throughout the body, including
the cochlea. Several publications have reported the existence
of resident immune cells in the human and rodent cochlea,
but their role in cochlear biology remains unclear. Our re-
search group has concentrated on characterizing two coch-
lear cell types representing the innate immune system: the
microglia and the mast cells. Microglia develop from yolk-
derived mesodermal precursors and reside exclusively in the
central nervous system. Recently, research has identified mi-
croglia in the cochlea based on the expression of the Ibal
surface molecule. To gain further insight into the nature of
these cells, we employed immunofluorescence, confocal mi-
croscopy, and Western blot techniques to characterize them
using another marker for microglia (TMEM119). Our find-
ings indicate that in the murine cochlea, Ibal+ TMEM119+
double-positive cells are absent before and after the onset of
hearing and after acoustic trauma in adult mice. In contrast,
the second cell type, mast cells, were present in the develop-
ing and adult rodent cochleae, as evidenced by the expres-
sion of several markers, including heparin, mast cell tryptase,
mast cell chymase, and IgE receptor. Their numbers were
sparse, but inhibiting their degranulation reduced cisplatin-
induced damage to auditory hair cells. Furthermore, adding
the supernatant from degranulated mast cells resulted in the
loss of inner and outer hair cells. Moreover, we identified all
four receptors for the major mast cell mediator, histamine,
in the murine cochlea. Furthermore, our systematic review
demonstrated the association between allergies, sudden sen-
sorineural hearing loss, Meniere disease, and acute low-tone
hearing loss. We conclude that mast cells, but not micro-
glia, are resident cells in the rodent cochlea and that their
activation can contribute to cochlear pathologies.
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350 families’ whole genome sequencing in early onset
hearing loss: the French Reference Centre’s experience

Serey-Gaut M."?, Balogoun R.%, Roi M.!, Achard S.%,

Loundon N.% Rouillon 1.4, Parodi M., Mosnier 1.%, Lahlou G.5,
Saint-Jalmes F.!, Soufflard A.!, Challet I.>, Gherbi-Halem S.!,
Smol T.%, Porteret C.3, Jonard L.7, Blanc P.3, Marlin S.#

! CRMR Surdités Génétiques, Service Médecine Génomique
des Maladies Rares, UF Développement et Morphogenése,
Fédération de Génétique et de Médecine Génomique, Hopital
Necker, AP-HPRCUP, Paris, France

? Centre de Recherche en Audiologie, Hopital Necker, AP-HPRCUR,
Paris, France

? Laboratoire SeqOIA (PFMG2025), Paris, France

* Service dORL, Hopital Necker, AP-HP.CUP, Paris, France

? Unité Fonctionnelle Implants Auditifs et Explorations
Fonctionnelles, Service ORL, GHU Pitié-Salpétriére,
AP-HP/Sorbonne Université, Paris, France

¢ CHU Lille, Université Lille, Institut de Génétique Médicale, Lille,
France

7 Laboratoire de Génétique Moléculaire, Service Médecine
Génomique des Maladies Rares, UF Développement et
Morphogenése, Fédération de Génétique et de Médecine
Génomique, Hopital Necker, AP-HPCUP, Paris, France

8 Unité INSERM, Institut Imagine, Paris, France

Introduction: Up to recent years, diagnosis of the genet-
ic aetiology of early onset hearing loss (EOHL) relied on
targeted gene panel analyses, with a diagnosis rate of about
50%. French clinical geneticists have now access to trio
whole genome sequencing (WGS) through the Plan France
Medecine Genomique 2025 sequencing platforms for most
patients presenting with EOHL.

Methods: Testing criteria for WGS differ according to the
subgroup of EOHL indications. The strategy is genome-first
for syndromic hearing loss (HL), WGS after normal array-
CGH for HL associated with malformation(s) and WGS after
normal GJB2/GBJ6 and HL gene panel for patients present-
ing with isolated HL.

Results: From 2020 to mid-2024, 350 families assessed in the
French Reference Center for genetic HL underwent whole
genome sequencing on the SeqOIA platform. The diagnosis
yield was 40%. We will present the main genes identified, the
diagnostic rate according to subgroups of the EOHL indica-
tion, clinical vignettes, along with the advantages and limi-
tations of our strategy.

Conclusions: WGS allows for identification of additional
causes (class 4 and 5 variants) and candidate genes, but var-
iants interpretation is more complex than exome or gene
panel analysis. We show with our four-and-a-half years” ex-
perience that WGS is an enticing new tool for patient diag-
nosis, with its advantages and setbacks.
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A mouse model of unilateral stereotactic radiosurgery-
induced hearing loss

Daskalou D."?, Rousset E!, Sgroi S.!, Oberhauser L.},
Dupuy N3, Thiran J.-P.*%, Tuleasca C.%, Jelescu 1.O.%,
Levivier M., Senn P.'?

! The Inner Ear and Olfaction Lab, Faculty of Medicine, University
of Geneva, Switzerland

2 Service of Otorhinolaryngology-Head and Neck Surgery;
Department of Clinical Neurosciences, Geneva University
Hospitals, Geneva, Switzerland

3 Neurosurgery Service and Gamma Knife Center, Centre
Hospitalier Universitaire Vaudois (CHUV), Lausanne,
Switzerland

* Laboratory of Signal Processing 5, Ecole Polytechnique Fédérale
de Lausanne (EPFL), Lausanne, Switzerland

* Department of Radiology; Lausanne University Hospital
(CHUYV), Lausanne, Switzerland

Introduction: Stereotactic radiosurgery (SRS) is a precise,
single-session irradiation technique commonly used to treat
vestibular schwannomas. However, SRS can lead to irrevers-
ible hearing loss, most probably due to irradiation-induced
damage to the nearby inner ear. Currently, no preventive or
therapeutic options exist, highlighting the need for the de-
velopment and experimental testing of novel treatments. To
enable this research, we developed a protocol for inducing
unilateral hearing loss in mice through targeted unilateral
cochlear irradiation.

Material and methods: We used 6-week-old C57BL/6] mice
and administered precise unilateral irradiation in the vicin-
ity of the cochlea using a Leksell Gamma Knife® Icon de-
vice. The precision and reproducibility of the targeted area
were ensured through radiological imaging for each mouse
using the integrated cone beam CT scan and co-registering
these images with MRI and CT mouse atlas images. To en-
sure meaningful translational data, we placed a single 4 mm
isocenter lateral to the cochlea with the 80% isodose line
passing through the modiolus to deliver 8 (n=3), 16 (n=5),
24 (n=38), and 32 (n=_8) Gy. Auditory brainstem responses
(ABR) were measured one day prior to irradiation (baseline)
and at one and four weeks post-irradiation. Statistical analy-
sis was performed using two-way repeated measures ANOVA
with Bonferroni correction.

Results: In all experimental groups, the irradiation dose re-
ceived by the non-irradiated cochlea was less than 15% of that
received by the irradiated cochlea. In the 32 Gy group, irra-
diation of cochlea yielded significant threshold shifts, com-
pared to the non-irradiated ear, at 22.6 and 32 kHz on day 7
and to a greater degree on day 28. Similar but less pronounced
effects were observed in the 24 Gy group. Furthermore, we
observed a unilateral decrease in the p-p and wave I ampli-
tudes, following 72-78 dB SPL click stimulation, in both
groups. No hearing loss was detected in the 8 and 16 Gy
groups. Histopathological studies are ongoing.

Conclusions: Targeted near-cochlear irradiation in mice in-
duces unilateral dose-dependent high-frequency hearing loss,
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evidenced by increased threshold shifts and decreased ABR
wave I amplitudes. This model provides a valuable tool for
exploring the radiobiological mechanisms underlying SRS-
induced hearing loss and for testing potential radioprotec-
tive agents.

A one-year time course of electrocochleography in
cochlear implant users

van Beurden I.LA.M.L."2, Haan LY.}, Jwair S.'2, Ramekers D.'?,
Thomeer H.G.X.M."?, Versnel H."?

! Department of Otorhinolaryngology and Head & Neck Surgery,
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? Department of Otorhinolaryngology and Head and Neck
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Introduction: Electrocochleography (ECochG) has become
increasingly valuable in cochlear implant (CI) surgery as it
allows intraoperative monitoring of effects of electrode ar-
ray insertion on residual hair cell function. Additionally,
ECochG has the potential to portray postoperative cochle-
ar function. Here we examine the postoperative time course
of residual hair cell function by recording ECochG in CI re-
cipients intraoperatively and at several time points up to one
year postoperatively.

Material and methods: Twenty-three patients with severe
sensorineural hearing loss receiving a CI participated in a
trial comparing electrode arrays (SlimJ and Mid-Scala of
Advanced Bionics) and surgical approaches (Jwair et al.,
2021). Here, the data are analysed by investigators blinded
to the randomisation. ECochG recordings were performed
at 5 time points using the active insertion monitoring (AIM)
system of Advanced Bionics: intraoperatively, at 4-6 weeks,
3-4 months, 6-7 months and 12-14 months postoperative-
ly. Responses to pure-tone stimuli with frequencies varying
from 125 to 4000 Hz, at sound levels 100-115 dB HL, were
recorded at each of the 16 available electrodes, in two oppo-
site phases. The difference and sum of the recordings to the
opposite phases were computed as estimates of cochlear mi-
crophonics (CM, reflecting hair cell potentials) and audito-
ry nerve responses, respectively.

Results: Significant CM responses (>1.5 pV) were found in
12 out of 22 patients intraoperatively, and postoperative-
ly in 10/22 at 4-6 weeks, 12/16 at 3-4 months, 11/16 at 6-7
months, and 7/11 at 12-14 months. Notably, 7 intraopera-
tive non-responders showed significant responses in the first
postoperative session. Averaged across frequencies the larg-
est responses were observed recorded at the apical electrodes
during the intraoperative session. The responses were small-
est at 4-6 weeks postoperatively, then recovered after 3 to 7
months, and decreased again up to one year after implanta-
tion. Intraoperatively, the dominant frequency was 500 Hz,
postoperatively it was 125 Hz.

Conclusions: Residual hair cell function gradually declines
over the course of one year. Three months after cochlear im-
plantation a short period of recovery is seen, which may be
attributed to natural reduction of the acute local inflamma-
tory response to the electrode array.
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AAV-mediated precision treatment of SchABES8e in the
pou4f3Q113*/+ mouse model

Wang M., Zhang Z., Wang X., Qi J., Chai R.
Southeast University; Nanjing, China

Genetic mutations can cause hereditary deafness, among
which DFNAI15 caused by mutations in the transcription
factor POU4F3 is a clinically common autosomal dominant
non-syndromic deafness, and studies have been conduct-
ed to partially restore hearing in model mice by small mol-
ecule inhibitors. However, this strategy fails to address the
root cause of hearing impairment. Base editors are capable
of editing mutation sites precisely and efficiently, and have
the potential to completely restore hearing damage. In or-
der to verify the effectiveness of gene editing for the treat-
ment of this deafness disease, taking the Chinese DFNA15
(POU4F3Q113*) deaf family line as an example, we success-
fully constructed the Pou4f3Q113*/+ mouse model with the
progressive hearing damage of this type of patients, which
provides a good animal model for the study of this type of
genetic deafness disease. On the basis of the three highly ef-
ficient Cas9 types discovered in the laboratory in the previ-
ous stage, a series of novel ABE toolboxes were developed
through the fusion of multiple types of TadA deaminases.
The test screened SchABES8e base editor in vitro can realize
precise and efficient editing at the pathogenic mutation (up
to 50% efficiency). Compared with ABE8e, SchABE8e has
higher editing efficiency and lower off-target mutations and
indels, which is safer and more precise. Subsequently, by an-
alyzing the secondary structure of SchABESe protein, the op-
timal splitting site 4 was screened to achieve similar protein
expression as WT SchABE8e in the HEK293T cell. Delivery
of split SchABE8e/NNGR-Target3 into the cochlea of neo-
natal mice by double AAV-Anc80L65 achieved long-term ef-
fective hearing recovery (hearing level close to that of WT
mice) in Pou4f3Q113*/+ mice. This project provides a new
strategy for the treatment of DFNA1S5 disease in the clinic,
and the development of SchABES8e also provides a novel tool
option for gene therapy of other hereditary deafness diseases.
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AAV-OTOF gene therapy for autosomal recessive
deafness 9: a multicenter, multiage, non-randomized
controlled intervention study
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Introduction: Autosomal recessive deafness 9 (DFNB9) is
a congenital auditory neuropathy with clinical features in-
cluding congenital or prelingual, bilateral symmetry, severe
to complete deafness, caused by OTOF mutations. We pre-
viously reported the safety and efficacy of adeno-associated
virus (AAV) mediated OTOF (AAV-OTOF) delivery in
children for the first time worldwide. It is believed that
AAV-OTOF can restore hearing in infants and children with
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DFNBY, but there have been no safety and efficacy studies
in elder participants. This study enrolled the adolescent and
adult participants and aimed to investigate the association
of age with safety and efficacy of AAV-OTOF gene therapy.

Material and methods: This study is a multicenter, open-
label, single-arm and intervention trial. We recruited 9
DFNB9 participants with age diversity (1.8- to 23.9-year-old)
from 4 Chinese sites. All participants carry biallelic OTOF
mutations with severe to complete hearing loss, unilateral or
no cochlear implantation. Participant 3 received two rounds
of AAV-OTOF injection. Single injection of AAV-OTOF into
the inner ear was performed in other 8 participants. The fol-
low-up period was from July 2023 to May 2024. The primary
outcomes were safety and tolerability. Secondary outcomes
included auditory function assessments.

Results: We present a relevant evaluation of safety and effi-
cacy in 9 participants 2-9 months after AAV-OTOF treat-
ment. No serious adverse events (AEs) occurred in the dose
of AAV-OTOF at 8.4 x 10" to 1.12 x 10" vg. No serious drug-
related AEs (AEs) were observed with a total number of 8
of grade I and II AEs. Hearing recovered in 8 participants
after surgery. At 1 month after surgery, the mean click ABR
threshold for participants decreased from >99 dB at baseline
to 56.7 dB. Notably, the thresholds of click-ABR, tone-burst
ABR (TB-ABR) and pure tone audiology (PTA) thresh-
olds for the 23.9-year-old adult participant decreased from
>100 dB, >100 dB, and 93.6 dB at baseline to 70, 81, 67.9 dB
at 1 month, respectively. We found that the hearing recov-
ery effects showed a potential age correlation. Participants
with hearing recovery were divided into three groups by age
(1: 1-2 years; 2: 5-8 years; 3: >14 years). The thresholds of
click-ABR (PTA) in the 3 groups were improved by 45 dB
(7.9 dB), 51.8 dB (56.7 dB) and 20 dB (25.7 dB) at 1 month,
respectively. The thresholds of TB-ABR in group 2 and 3
improved from >99 dB at baseline to 57 dB and 69 dB at
1 month, respectively. Overall, participants aged 5-8 years
had a better hearing recovery.

Conclusions: In this trial, AAV-OTOF gene therapy was
proved as a safe and effective treatment for infants to adult
patients with DFNBY, which appears to be age-related thera-
peutics and indicated a large treatment window of AAV
mediated gene therapy.

The trial has been registered on ClinicalTrials.gov, NCT
05901480, and is ongoing.

Ageing, noise, and ER stress: exploring stereocilia fusion
pathology in the cochlear outer hair cells with super-
resolution expansion microscopy

Ikdaheimo K., Leinonen S., Lankinen T., Pirvola U.

Molecular and Integrative Biosciences Research Program,
University of Helsinki, Finland

Healthy hearing is fundamentally dependent on the stereo-
cilia bundles of cochlear hair cells. Recent studies on human
post-mortem cochleas have shown that ageing is associated
with structural impairment of these hair bundles, specifically
in outer hair cells (OHCs) (Wu and Liberman, 2022). Genetic
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defects and environmental noise challenge the maintenance
of the OHC hair bundle structure, contributing to age-
related hearing loss. Several prior studies have described ste-
reocilia fusion as a hair bundle pathology, yet often without
a clear definition of this abnormality and its molecular mech-
anisms. Here, we aimed to elucidate the molecular anatomy
of OHC stereocilia fusion by studying mouse models of age-
ing, prolonged noise-exposure, and cell-intrinsic stress caused
by genetic perturbations. We utilised a novel imaging meth-
od to cochlear research, expansion microscopy, to generate
super-resolution data of the OHC hair bundle structure and
protein expression. Ageing in the C57BL/6] mice exhibited
mild OHC stereocilia fusion, in most cases restricted to the
lateral edges of hair bundles, indicating gradual progression
of the fusion pathology. OHCs of young adult C57BL/6] mice
exhibited elevated likelihood of stereocilia fusion following
eight hours of daily, moderate-level noise-exposure (90 dB
SPL) over the course of a week, with no evidence of recovery
over one-month post-trauma period. Most severe phenotype
was found in the genetic mouse model of perturbed endoplas-
mic reticulum homeostasis (ER stress), exhibiting adult-onset
OHC stereocilia fusion with rapid progression to prominent
fusion covering the whole hair bundle (Herranen et al., 2020;
Ikdkeimo et al., 2021). This severe pathology correlated with
reduced FM1-43-dye uptake through the mechanotransduc-
tion channels, loss of key stereociliary proteins (neuroplastin,
PMCA2, myosin 7a, BAIAP2L2), and increased expression of
the calcium buffer oncomodulin in the stereocilia, indicative
of a major disturbance to mechanotransduction and to the
Ca**-balance required for stereocilia maintenance (Ikdheimo
etal., 2024). These hair bundle abnormalities preceded OHC
death, suggesting a window of opportunity to intervene with
the maintenance of hair cell survival. We conclude that un-
derstanding the molecular anatomy of the hair bundle pa-
thology might facilitate the development of targeted therapies
for maintaining bundle integrity or to promote bundle repair.

Alteration of the gut microbiome causes sensorineural
hearing loss by increasing blood-labyrinth barrier
permeability and cochlear inflammation through

the gut-cochlear axis

Pisani A.!, Paciello F2, Montuoro R.2, Mohamed-Hizam V.2,
Fetoni A.R.!

! Department of Neuroscience, Unit of Audiology, University of
Naples Federico II, Naples, Italy

2 Department of Neuroscience, Universita Cattolica del Sacro
Cuore, Rome, Italy

? Department of Head and Neck Surgery, Universita Cattolica del
Sacro Cuore, Rome, Italy

Recent advances in neuroscience have revealed a bidirectional
communication between the gut microbiota and the central
nervous system (CNS), known as the “gut-microbiota-brain
axis” Imbalance in the gut microbiota, called dysbiosis, can
increase intestinal permeability, allowing pathogens to trig-
ger inflammation in distant organs. Despite these established
connections, no research has explored the link between gut
microbiota alterations and inner ear function. To address this
gap, this study delved into the molecular mechanisms under-
lying a potential association between gut microbiota altera-
tions and sensorineural hearing loss (SNHL). To this aim,

100

we used a mouse model of gut dysbiosis induced by dex-
tran sulfate sodium (DSS) treatment, supplemented with fe-
cal microbiota transplantation (FMT) from donor patients
with active (aUC) or remissive (rUC) ulcerative colitis. This
enabled us to exacerbate or ameliorate the microbiome im-
balance, respectively. Auditory brainstem responses (ABRs)
were conducted alongside morphological, immunofluores-
cence, and molecular analyses. ABR results revealed a sig-
nificant increase in auditory thresholds in mice subjected to
DSS and FMT-aUC treatments. Conversely, FMT from rUC
donors exhibited a protective effect on auditory function,
highlighting the beneficial impact of microbiota restoration.
Morphological evaluations revealed loss of outer hair cells
(OHCs), degeneration of spiral ganglion neurons (SGNs),
and atrophy of the stria vascularis in mice with gut dysbio-
sis. Conversely, FMT from rUC donors displayed a protec-
tive effect on cochlear structures. Immunofluorescence and
Western blot analyses unveiled increased oxidative stress and
inflammation in cochlear tissues of mice with gut microbi-
ota alterations, while restoration of microbiota composition
exerted otoprotective effects. These findings were associated
with disruptions in the integrity of the blood-labyrinth bar-
rier (BLB), characterized by altered expression of tight junc-
tion proteins (ZO-1 and Occludin), Na*/K*-ATPase levels,
along with increased of pericytes damage and vascular perme-
ability in mice with altered microbiota composition. Overall,
these results suggest a mechanistic link between gut micro-
biota alterations and SNHL through oxidative stress and in-
flammation mediated by changes in BLB permeability. This
study provides experimental evidence supporting the exist-
ence of a gut-cochlear axis and highlights the potential ther-
apeutic implications of restoring gut microbiota balance in
mitigating hearing impairment associated with gut dysbiosis.

Antisense oligonucleotides for dominantly inherited
hearing impairment DFNA9: from cells models to
humanized mice

Aben E'3, Verdoodt D."?, de Bruijn S.%, Oostrik J.%,
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Szewczyk K.!, Van Camp G.%, Ponsaerts P2, Van Rompaey V.',
van Wijk E.%, de Vrieze E.?

! Department of Translational Neurosciences, Faculty of Medicine
and Health Sciences, University of Antwerp, Belgium

2 Laboratory of Experimental Hematology, Vaccine and Infectious
Disease Institute (Vaxinfectio), University of Antwerp, Belgium

? Department of Otorhinolaryngology, Hearing and Genes,
Radboud University Medical Center, Nijmegen, the Netherlands

* Department of Medical BioSciences, Radboud University
Medical Center, Nijmegen, the Netherlands

* Department of Otorhinolaryngology and Head & Neck Surgery,
Antwerp University Hospital, Antwerp, Belgium

¢ Center for Medical Genetics, University of Antwerp, Belgium

The ¢.151C>T (p.P51S) mutation in COCH is highly prevalent
in the Dutch/Belgian population and causes DFNA9 (hear-
ing loss and vestibular dysfunction) in > 1500 individuals. The
initial symptoms manifest between the 3rd and 5th decade
of life, which leaves ample time for therapeutic intervention.
The clear non-haploinsufficiency disease mechanism indicates
that blocking or reducing the p.P51S mutant cochlin pro-
tein levels may alleviate or prevent the DFNA9 phenotypes.
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Considering the broad expression of COCH by the fibrocytes
of the inner ear, we designed “gapmer” antisense oligonu-
cleotides (ASO) to specifically induce RNase H1-mediated
degradation of COCH transcripts containing the ¢.151C>T
mutation. We established several model systems to investigate
the molecular efficacy of ASOs targeting the c.151C>T muta-
tion or low-frequency mutant allele-specific SNPs.

Using overexpression models, we identified several ASOs
that efficiently induce the degradation of mutant COCH tran-
scripts. By introducing chemical modification to the oligo-
nucleotide bases, we can alter the affinity and selectivity for
the mutation transcript. We identified several ASOs with a
strong preference for the mutant transcript in overexpression
models. To investigate allele-specificity under physiological
expression levels, we exposed patient-derived otic progeni-
tor cells (iPCS-OPCs) to different ASOs for 8 days. In paral-
lel, we developed a genetically humanized mouse model for
DENA9Y in which human sequence-specific therapeutic strat-
egies can be evaluated. Phenotypic follow-up of mice of all
genotypes indicate that the genetic humanization has no ad-
verse effects, and removal of the Cdh23ahl allele is mandatory
to observe the late-onset auditory phenotype: the first signs
of high-frequency hearing loss emerged at 12 months of age.

Studies in iPSC-OPCs indicated that the ASOs identified in
overexpression studies also effectively reduce mutant COCH
transcript levels in patient-derived cells with physiological
expression levels. Unfortunately, variation between replicate
wells of OPC differentiation is relatively high, making it dif-
ficult to draw conclusions on allele-specificity. We selected
a candidate ASO, directed against a rare mutant allele-spe-
cific intronic SNP, for subsequent studies in our humanized
mouse model. First intracochlear injections will be conduct-
ed in May 2024, after which we can collect the first in vivo
data on gapmer ASO uptake and efficacy in fibrocytes of the
mammalian inner ear.

Assessing the cognitive decline post hearing loss
Hemachandran S., Zenteno S.R., Maldonado J., Scheibinger E.
Stanford School of Medicine, Palo Alto, CA, USA

Hearing loss is known to exacerbate cognitive decline in
humans. However, the variability in the impact of cogni-
tive function is large, making predictions and drawing caus-
al links difficult. We tested cognitive function in mice using
an 8 arm radial maze (8ARM) that has no auditory cues and
found that deafened mice showed a dramatic deficit in work-
ing memory. We used a hearing loss model that placed the
human diphtheria toxin receptor (HDTR) in inner hair cells
(IHCs) so that upon exposure to diphtheria toxin (DT), IHCs
were selectively ablated. Despite this very uniform and com-
plete deafening, there was a large variance in cognitive func-
tion loss, implicating a biological cause to the variance. We
are creating a battery of behavioral tests to better investigate
this variance and to test the fundamental hypothesis that the
impact of hearing loss is in part dependent on how the in-
dividual animal weights hearing in sensory integration cir-
cuits. This battery of tests has the added advantage of being
utilized for assessing the impact of hearing restoration treat-
ments and for defining thresholds of hearing loss that lead
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to cognitive deficits. We will include the Y-maze and Novel
object recognition test (NORT) as tests for memory both
short term and consolidation and with the added advantage
of repeated measures. We are including visual and audito-
ry training to assess both learning and acuity as a proxy for
sensory weighting. And finally, we are measuring auditory
evoked potentials in awake animals in an attempt to iden-
tify correlations that can be used as predictors of cognitive
function sensitivity.

Biosafety and biodistribution study of vesicle-enriched
secretome fractions in cochlear implantation trauma
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Introduction: Cochlear implantation induces trauma leading
to immunological reactions compromising the performance
of the implant. Vesicle-enriched secretome fractions (VSF)
derived from human umbilical cord mesenchymal stromal
cells is a new class of biological therapeutic targeting cochlear
cells to modulate immunological processes. Previously, effica-
cy in spiral ganglion cell culture and attenuation of threshold
shifts and protection of hair cells in vivo were shown. Safety,
biodistribution and neuroprotective effects of VSF to main-
tain gross structural integrity of the cochlea after implanta-
tion trauma has been evaluated.

Material and methods: Hearing guinea pigs (GP) were im-
planted with a cochlear implant followed by administration
of VSF and hearing was assessed until sacrifice after 4 weeks.
A long-term group of hearing GP received VSF with a six
month follow up of monthly hearing measurement. A third
group of hearing GP received labelled VSF investigating dis-
tribution of VSF in the inner ear 1-2 hours post applica-
tion. All groups underwent detailed histological assessment.

Results: Treatment with VSF improved hearing after coch-
lear implantation compared to control animals. Fibrosis
4 weeks post implantation was at similar level to control an-
imals. Electrophysiological and histological findings of the
long-term group revealed no adverse effects of VSF and ABR
thresholds remained on a similar level compared to control.
Positive fluorescent signal of labelled VSF was confirmed in
cells of the inner ear.

Conclusions: Uptake of labelled VSF into the guinea pig
cochlea has been demonstrated and treatment with VSF
seems to mediate immunological processes to a healthier
state and maintain gross structural integrity. Application of
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VSEF associated with cochlear implantation seems to be a safe
and solid combination to prevent post implantation trauma
and preserve residual hearing.

This work was funded by Med-El, the Deutsche Forschungs-
gemeinschaft (DFG, German Research Foundation) under
Germany’s Excellence Strategy — EXC 2177/1 - Project ID
390895286 and by the European Regional Development Fund
Interreg V-A Italia—Austria 2014-2020 (Project “EXOTHERA IT
AT 1036”) and the Project “ExtraNeu” from the State of Salzburg.

Can you hear without FIRE: The impact of microglia
loss on cochlear function
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The immune system is known to critically regulate the central
nervous system during development, homeostasis, as well as
during injury and repair. More recently, much work has been
undertaken to characterize the role of immune cells in the
cochlea. Macrophages are the resident innate immune cells of
the cochlea. Several studies on mice have reported that mac-
rophages mediate drug uptake via the stria vascularis, pro-
mote synaptic repair after noise exposure, and participate in
tissue remodeling after cochlear implantation. In other organs
macrophages can be heterogenous. Whether there are sub-
populations of macrophages in the cochlea and the function
of such subgroups are unknown. Here we report molecular
heterogeneity among cochlear macrophages which include
a population resembling microglia, the primary innate im-
mune cells of brain and two molecularly distinct subpopu-
lations of macrophages resembling two recently identified
macrophage population in peripheral nerve. To begin to as-
certain the function of one of these populations we exam-
ined FIRE mice (CsflrAFIRE/AFIRE), a mouse model that
is entirely microglia- deficient but retains other macrophages
which lacks embryonic macrophages and microglia We exam-
ined cochlear histology at postnatal days 5, 14, 6 weeks and
6 months of age. Surprisingly, FIRE mice had lower audito-
ry brainstem response thresholds and higher wave I ampli-
tudes when compared to aged-matched control mice at both
6 weeks and 6 months, suggesting less aged-related hearing
loss. However, the FIRE mice number,organization of inner
and outer hair cells and inner hair cell synapse were similar
to aged-matched control C57/Bl6 mice. Taken together, these
findings suggest that microglia are dispensable for cochlear
development but may play a role in age-related hearing loss,
a role which requires further investigation.
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Causes of bilateral sensorineural hearing loss in 838
patients according to degree of progression of hearing
loss

Kasuga M.!, Yoshimura H.!, Kitoh R.}, Nishio S.2, Usami S.2,
Takumi Y.!

! Department of Otorhinolaryngology - Head and Neck Surgery;
Shinshu University School of Medicine, Matsumoto, Japan

? Department of Hearing Implant Sciences, Shinshu University
School of Medicine, Matsumoto, Nagano, Japan

Purpose: This study aimed to investigate the etiology of hear-
ing loss (HL) based on the rate of its progression.

Material and methods: Pure tone audiometry was conducted
on 42,744 tests (9,269 cases) at Shinshu University Hospital
between 2012 and 2022. Cases with unilateral HL, conduc-
tive HL, postoperative ear issues, functional hearing loss, and
those with bilateral scaling-out at initial examination or lack-
ing detailed data were excluded. A retrospective review was
performed on 838 cases followed for over 5 years. Hearing
progression was categorized as “Stable” (0-1 dB HL/year),
“Slow progression” (1-3 dB HL/year), and “Fast progression”
(>3 dB HL/year). Causes were classified as genetic, middle
ear disease, Meniere’s disease-related, other known causes,
and unknown etiology.

Results: Of the 838 cases, 302 were classified as “Stable”, 402
as “Slow progression”, and 134 as “Fast progression”. Across
all groups, unknown etiology was the predominant cause of
HL, followed by genetic factors in Stable and Slow progression
groups, and others in the Fast progression group. Regarding
genetic etiology, the GJB2 and STRC genes were most prev-
alent in the Stable group, while genes such as SLC26A4 and
CDH23 were identified across all groups.

Conclusions: Regardless of progression rate, over half of bilat-
eral HL cases had an unknown etiology. Genes such as GJ/B2
and STRC were identified to exhibit stable hearing, consistent
with our findings. This study suggests that genes responsible
for progressive HL manifest in an intermittent, rather than
continuous, manner, highlighting the clinical utility of genetic
testing, particularly in cases lacking long-term follow-up data.
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(DENAY): a cross-sectional study evaluating the changes
in the electrically evoked compound action potential
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The present study focuses on DFNA9Y, an autosomal dominant
disorder caused by pathogenic variants in the COCH gene.
These mutations induce the formation of aggregates that are
toxic to the fibrocytes in the extracellular matrix, ultimately
leading to degeneration of spiral ganglion neurons (SGNs),
which are crucial for transmitting auditory signals from the
cochlea to the brain. An important tool for evaluating the
function of the SGNs, which are the target cells of a cochle-
ar implant (CI), is the electrically evoked compound action
potential (eCAP). Therefore, the main objective is to evalu-
ate the eCAP to describe the function of the SGNs and study
cochlear health in CI patients with DFNA9.

For this reason, we included 15 carriers of the p.Pro51Ser var-
iant in the COCH gene who received a Med-El CI (DFNA9
group) and 15 matched control CI subjects without DFNA9
to compare the impedances and subsequently the threshold,
amplitude and slope of the eCAP amplitude growth function
(AGF). These parameters were evaluated from intraoperative
autoART recordings (Med-El) during CI surgery. Matching
of the two groups was based on sex, age at implantation, du-
ration of deafness, and type of implant. The first results, re-
garding the difference in impedance between DFNA9 and
non-DFNAJY patients, show a significant interaction between
time and group in the middle and basal electrodes, indicating
that electrode impedances were similar in the early phase af-
ter implantation between the two groups, but increased sig-
nificantly more for the DFNA9 group up to one year after
implantation. Secondly, the results show that the success rate
(present or absent) to record eCAP responses is lower in the
DNFA9 group: eCAPs were detectable in 75.5% of the intra-
operative measurements (145/192) in comparison to 96.9%
(186/192) in the group without DFNA9. ECAP absence in
the DFNA9 group was observed across the whole electrode
array, but more pronounced in the basal region (channels 11
and 12). Additionally, comparing the parameters of the AGF,
the maximum eCAP amplitude was consistently smaller and
the AGF slope consistently shallower for the DFNA9 group
compared to the control group throughout the entirety of
the electrode array. Finally, the eCAP thresholds in patients
with DFNA9 were higher compared to those in the control
patients for all cochlear locations. To our knowledge, this is
the first study to investigate the eCAP measurements in pa-
tients with DFNA9. As proven in the literature, eCAP meas-
ures correlate well with the health and survival of SGC. This
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means that the results of our study predominantly suggest
that DFNAJY leads to an even stronger reduction in excitabili-
ty and neuronal health than seen in other causes of deafness.

Development of a ouabain-induced hearing loss guinea
pig model for preclinical efficacy assessment

Aincy M., Coyat C., Diot S., Marie A., Flaszka E., Defosse
F, Souchal M., Baudoux V., Vincent C., Dewavrechin M.,
Pucheu S., Naert G.

Cilcare, Montpellier & Boston, France & United States

Ouabain is a cardiac glycoside acting as a Na*/K*-ATPase
inhibitor. It is widely used in the treatment of congestive
heart failure and arrythmia, but currently less used due to
its narrow therapeutic index. Several animal studies demon-
strated ouabain’s ototoxicity, its contribution to spiral gan-
glion neuron (SGN) loss and subsequent hearing loss. The
objective of this study was to compare various methods of
ouabain administration in the middle and inner ear to char-
acterize its ototoxic effects in guinea pigs. Different routes
of administration and doses of ouabain were tested: 1, 3 and
10 mM administered via round window injection (RWI), a
round window membrane deposit (RWM) or transtympan-
ic administration (TT). Several parameters were assessed,
from the injection volumes (5, 10, 20 pL), to the injected ear
(L/R) and the repetition of administration (up to 3 times).
Specific care was provided to the treated guinea pigs with
consideration to hydration and food supplementation. ABR
thresholds and DPOAE amplitudes were measured between
baseline (BL) and T+7DAYS or T+14DAYS to evaluate hear-
ing impairments. These functional measures were correlated
with histological analyses, SGN counts, inner hair cell (IHC)
and outer hair cell (OHC) counts. Both RWI and RWM, at
3 and 10 mM, induced important hearing loss demonstrat-
ed by a significant increase of ABR thresholds followed by
considerable SGN loss. Moreover, a decrease of DPOAE am-
plitudes and some inflammatory processes were observed,
even at the lowest dose of all the ouabain administrations.
Interestingly, IHC and OHC numbers were similar after a 1
mM ouabain injection whereas DPOAE amplitudes dramat-
ically decreased. However, a 1 mM dose of ouabain admin-
istered via TT generated a decrease of DPOAE amplitudes,
without affecting ABR thresholds and neither the SGN nor
the HC count. Apart from the TT ouabain administration, all
the tested approaches generated various health issues, such
as major weight loss, ear necrosis, rectal prolapse and high
mortality. Ultimately, ouabain administration in the middle
or inner ear of guinea pigs is ototoxic with heterogenous re-
sults, not limited to SGN loss. Concomitantly, most of the test-
ed routes of administration generated variable health issues.

103

Journal of Hearing Science - 2024 Vol. 14 - No. 3



IEB 2024 Abstracts ¢ 93-143

Discovery of NOX3 inhibitors for the prevention of
acquired hearing loss
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The accumulation of reactive oxygen species (ROS) in cells
and tissues contributes to the development and the progres-
sion of numerous diseases such as cancers, metabolic syn-
dromes, or sensorineural disorders. NAPDH oxidases, a
family of enzymes which sole function is to produce reac-
tive oxygen species (ROS), appeared as relevant therapeutic
targets in the treatment of oxidant-mediated pathologies.
More specifically, the NOX3 isoform is only expressed in the
inner ear and, although its physiological role in the cochlea
is not known, there is increasing evidence that NOX3 is in-
volved in different forms of acquired hearing loss. Thus, the
inhibition of NOX3 would provide an efficient otoprotec-
tive strategy, notably by preventing ROS-induced damag-
es to the auditory synapse. This project aims at discovering
NOX3 small molecule inhibitors for the prevention of ac-
quired sensorineural hearing loss. We developed a cell-based
high-throughput screen using an inducible system allowing
the expression of NOX3 upon 24 h treatment with tetracy-
cline. NOX3 activity was assessed through the detection of
generated extracellular superoxide radical anion (O2°-) using
the colorimetric assay WST-1. The non-specific NOX inhibi-
tor diphenyleneiodonium chloride (DPI) was used as a refer-
ence compound for maximal inhibition. Among the 15,511
compounds screened, 115 showed an inhibitory activity on
NOX3 equal to or higher than 50% and were considered as
hits. These hits were further tested in dose-response using
WST-1 and validated using orthogonal assays detecting hy-
drogen peroxide (Amplex Red/HRP and CBA fluorometric
assays) and cytotoxicity. The specificity of the validated hits
for NOX3 over the 6 other isoforms was also assessed. This
critical early drug discovery step paves the way to the devel-
opment of new small molecule therapeutics for the prevention
of sensorineural hearing loss.

EDNRB? is a novel marker for hair cell precursors in
chick auditory epithelia

Matsunaga M., Takeuchi M., Koichi O., Nakagawa T.

Department of Otolaryngology; Head and Neck Surgery; Kyoto
University, Kyoto, Japan

Although mammalian cochleae have no capacity for hair cell
(HC) regeneration, the avian auditory epithelium, name-
ly basilar papilla (BP), can regenerate HCs through direct
conversion of supporting cells (SCs) or mitotic proliferation
of SCs. To explore molecular mechanisms for HC regenera-
tion in chick BP, we previously established an explant culture
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model of chick BP, in which HC regeneration occurs predom-
inantly via direct conversion of SCs (Matsunaga et al., 2020)
and performed single-cell RNA sequencing (Matsunaga et al.,
2023) by using our model. A pseudotime trajectory analy-
sis for the process of SC-to-HC conversion revealed that SCs
were once reprogrammed to the precursor state, followed by
differentiation into HCs (Matsunaga et al., 2023). In addition,
we observed temporal upregulation of EDNRB2 encoded en-
dothelin receptor b2 in reprogrammed SCs as differentially
expressed genes during SC-to-HC conversion. In the current
study, we examined the expression patterns of EDNRB2 in
the developing chick BP to determine which stage progenitor
or precursor populations express EDNRB2. The expression
of EDNRB?2 in BP was found only in the time points when
HC differentiation was initiated, not in common progenitors
for HCs and SCs or immature HCs and SCs after fate deter-
mination. The result supports our hypothesis that EDNRB2
is a marker for HC precursors and indicates that SCs are re-
programmed to the precursor state just before fate determi-
nation, not to the common progenitor state. We also assessed
the roles of EDNRB signaling during SC-to-HC conversion
in regenerating chick BP explants using a selective inhibi-
tor for EDNRB signaling. The pharmacological inhibition of
EDNRB signaling significantly reduced the number of regen-
erated HCs, not reduced the number of SCs, which indicates
that EDNRB signaling may play a role in the differentiation
of precursors into HCs. Further, RNA sequencing is under-
way to identify the critical molecules downstream of EDNRB
signaling. In conclusion, EDNRB2 is a novel marker for HC
precursors in chick auditory epithelia and may be involved
in HC differentiation.

Efficacy of cochlear implantation in patients with severe
to profound hearing loss without prior hearing aid use

Oguchi A."?, Yoshimura H.", Takumi Y.!

! Department of Otolaryngology — Head and Neck Surgery,
Shinshu University School of Medicine, Nagano, Japan

? Department of Otolaryngology — Head and Neck Surgery; Suwa
Red Cross Hospital, Nagano, Japan

Introduction: Previous studies have suggested a nega-
tive association between the duration of hearing loss and
post-cochlear implantation (CI) audiometry performance.
Consequently, it has been assumed that cochlear implanta-
tion may be less effective in ears without prior hearing aid
(HA) use. However, some cases of CI recipients with no histo-
ry of HA use (non-aided) have demonstrated favorable hear-
ing outcomes. This study aimed to explore the relationship
between the duration of hearing loss in non-aided ears and
postoperative auditory performance, as well as to compare
CI outcomes between non-aided and aided ears.

Material and methods: This retrospective study included
153 ears (127 cases) with postlingual hearing loss that un-
derwent CI for bilateral severe to profound hearing loss be-
tween April 2011 and March 2023. Among them, 28 patients
(29 ears) received CI in non-aided ears, while 100 patients
(125 ears) received CI in aided ears. One patient (2 ears) un-
derwent CI in both non-aided and aided ears, and six patients
(12 ears) received CI in non-aided ears initially, followed by
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Cl in aided ears. Audiometry performance was assessed using
the Japanese monosyllable test (CI2004).

Results: No significant correlation was found between au-
diometry performance at 1 year postoperatively in non-aid-
ed ears and the duration of hearing loss without HA use.
Additionally, there was no significant difference in audiome-
try performance between non-aided and aided ears at 1 year
after surgery.

Conclusions: This study revealed that irrespective of the dura-
tion of hearing loss, postoperative CI outcomes in non-aided
ears were comparable to those in aided ears. Patients with se-
vere-to-profound hearing loss often exhibit asymmetric hear-
ing loss, leading to requests for CI on the worse hearing ear.
While surgeons may hesitate to provide CI to ears without
prior HA use, our findings suggest that such hesitancy may
not be warranted, assisting the decision-making process for
CI in patients with postlingual hearing loss.

Epigenetic landscape of supporting cell reprogramming
toward hair cell regeneration in chick auditory epithelia

Nakagawa T.!, Matsunaga M.!, Takeuchi M.!, Omori K.},
lida K.2

! Department of Otolaryngology, Head and Neck Surgery;
Graduate School of Medicine, Kyoto University; Kyoto, Japan

? Department of Life Science, Graduate School of Science and
Engineering, Kindai University, Osaka, Japan

Sensorineural hearing loss is usually intractable because of
virtually no capacity for hair cell (HC) regeneration in mam-
mals. In contrast to mammals, lower vertebrates including
birds have the capability for HC regeneration. Elucidation
of precise mechanisms for HC regeneration in avian audi-
tory epithelia will contribute to exploring key molecules
for inducing HC regeneration in mammals. We previously
established an explant culture model of the chick auditory
epithelium, namely basilar papilla (BP), showing total HC
loss and consecutive HC regeneration through direct con-
version of supporting cells (SCs) to HCs (Matsunaga, 2020).
Single-cell RNA sequencing using this model illustrated dy-
namic changes in expressed genes in BP SCs during direct
conversion, which indicates that reprogramming of SCs to
the precursor state occurs before differentiation into HCs
(Matsunaga, 2023). To explore mechanisms of SC reprogram-
ming toward hair cell regeneration in chick BP, we performed
an integrated analysis of RNA- and ATAC-seq of chick BP
explant cultures during the early phase (three time points) of
HC regeneration. ATAC sequencing detected 80,366 peaks.
Based on the distance from the transcription start site, and
correlations between read counts and peak depths and be-
tween their alterations in a time course, we determined en-
hancer candidate loci for differentially expressed genes. We
focused on a set of temporally upregulated genes during SC
reprogramming in our previous single-cell RNA sequencing
data (Matsunaga, 2023). In temporally upregulated genes dur-
ing SC reprogramming, enhancer candidate loci were iden-
tified in nine genes. Motif enrichment analysis of these loci
indicated transcription factors that may control chromatin
remodeling in SC reprogramming. In the near future, we will
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examine spaciotemporal expression patterns of these tran-
scription factors in regenerating chick BP.

This work is supported by KAKENHI (Grants-in-Aid for
Scientific Research, 23K08983) from the Japan Society for
the Promotion of Science.

Essential role of ISL1 in the development and survival of
spiral ganglion neurons in the inner ear
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ISL1, a LIM-homeodomain transcription factor, is expressed
during embryonic development of the inner ear in both hair
cells and spiral ganglion neurons (SGNs), but its function is
still unknown. For the first time, we created a mouse model
with Isl1 conditional deletion in the SGNs, and in our previ-
ous study of adult Isl1CKO mice, we identified the significant
role of Isl1 in the phenotype and function of the SGNs. Here,
we present the results of our cellular and molecular assess-
ment of the SGNs’ embryonic development in the IsI1CKO.
Using immunolabeling, we studied the 3D structure of the
cochlea by confocal and light-sheet microscopy through dif-
ferent stages of development. Exploiting the reporter pro-
tein, we inspected the axon projection characteristics in the
Isl1CKO by time-lapse imaging of the cochlear explant. At
the molecular level, we performed RNA sequencing to assess
the transcriptional regulation impact of ISLI. In addition, we
investigated the involvement of ISLI in epigenetics regula-
tion by performing the CUT&Tag assay for important histone
markers. We observed that from early developmental stages,
the SGNs of the Isl1CKO manifested a problem in migration
and axonogenesis. And while the proliferation of SGNs was
not affected a gradual increase in apoptosis was detected. In
Isl1CKO, despite the wrong location, SGNs projected axon
fibers towards the target cells, however, axonogenesis start-
ed earlier and advanced faster than the control, resulting in
disorganized and overshooting axons. Similarly, our RNA se-
quencing of the IslICKO’s SGNs showed massive changes in
the expression of the genes essential for neuronal commu-
nication, migration, survival, and axon projection including
DCC, Robo, Unc-5, Nrp, members of the EphA family, Ntrk2,
Ntrk3. Interestingly, we identified a sizeable overlap between
the downregulated genes and the genes with altered histone
modification, such as EphA5, Unc5b, and Grin3a, indicating
that ISLI not only directly interacts with downstream genes
to regulate their expressions, but also employs the epigenetics
machinery to demethylase H3K27me3, and promote the ex-
pression of genes essential in neuronal development, axono-
genesis, and synaptogenesis. Here, we unfold the prominent
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regulatory role of ISLI in developing SGNs and provide in-
sight into its direct and indirect targets.

Extended high frequency thresholds and their
association with otoacoustic emissions and demographic
factors

edrzejczak W.W.!, Pilka E.!, Pastucha M.!, Kochanek K.2,
Skarzynski H.?
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Objectives: Hearing assessments typically cover frequencies
up to 8 kHz, although testing can extend to 16 or 20 kHz. The
range beyond 8 kHz is commonly referred to as the extend-
ed high frequency (EHF) range. This study aimed to investi-
gate the connection between EHF hearing thresholds (HTs)
and distortion product otoacoustic emissions (DPOAEs) in
adult subjects. Factors such as the presence of spontaneous
otoacoustic emissions (SOAEs), gender, ear side, and aging
were of interest.

Material and methods: Participants consisted of 95 adults.
The age ranged from 21 to 77 years, with an average of 42 + 14.
There were 55 women, comprising 58% of the whole group.
All subjects had normal middle ear function verified by
226 Hz tympanometry. None had any known history of oto-
logic disease. DPOAEs were measured using the HearID sys-
tem (Mimosa Acoustics Inc., Champaign, IL, USA) with an
ER-10C probe (Etymotic Research, Elk Grove Village, IL,
USA). DPOAEs were measured at 9 selected frequencies for
F2 of 1, 1.5, 2, 4, 6, 8, 10, 12, and 16 kHz. Only ears which
gave a signal-to-noise ratio (SNR) greater than 6 dB at 3 of the
4 frequencies from 2, 3, 4, and 6 kHz were analyzed. SOAEs
were acquired using the in-built routine (SOAE50) provid-
ed by the HearID system, resulting in a measurement of so-
called synchronized SOAEs (SSOAEs).

Results: The key findings indicate that DPOAESs, both with-
in the standard frequency (SF) range (0.125-8 kHz) and
the EHF range (10-16 kHz), decrease as thresholds deterio-
rate. Age significantly influences DPOAEs and HTs in both
ranges, with EHFs being particularly affected. The presence
of SOAEs was the only other significant factor influencing
DPOAE level. Gender and ear side had minor and non-sig-
nificant effects on both DPOAEs and HTs.

Conclusions: In conclusion, DPOAEs in the EHF range
emerge as reliable predictors of EHF HTs, and given their
correlation with age, they may serve as suitable markers for
early signs of presbycusis.
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From cells to cures: hiPSC-derived inner organoids and
RNA therapy to resolve genetic hearing loss
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Genetic hearing loss impacts millions worldwide, yet effec-
tive treatments remain unavailable, leaving patients reliant on
technological aids such as hearing aids or cochlear implants.
One major obstacle in therapy development is the lack of rep-
resentative in vitro models of the human inner ear capable of
mimicking genetic inner ear diseases and facilitating treat-
ment validation. In this study, we present a novel approach
to address this challenge. We differentiated human induced
pluripotent stem cells (hiPSCs) derived from patients with
genetic hearing diseases into 3D self-organizing inner ear or-
ganoids. Specifically, we focused on two genes associated with
significant auditory impairments: USH2A, hereditary deaf-
blindness, and COCH, implicated in late-onset genetic hear-
ing loss, the latter presenting a window for intervention. We
successfully generated disease-specific inner ear organoids
by growing patient hiPSCs through precise modulation with
small molecules and growth factors at distinct intervals. With
immunohistochemistry we showed the presence of organ-spe-
cific cell structures within both USH2A- and COCH-inner
ear organoids, including otic vesicles, hair cells and periotic
mesenchymal cells. We compared the disease-specific inner
ear organoids with healthy inner ear organoids through mo-
lecular and structural analyses and confirmed the presence of
mutant transcripts in the patient-derived inner ear organoids.
Moving beyond characterization, we demonstrate the clini-
cal relevance of the model by countering the disease pheno-
type with antisense oligonucleotides (ASOs) in vitro. ASOs
can specifically target and modify RNA transcripts and slow
down or halt genetic disease progression. We applied ASOs
to late-stage disease-specific inner ear organoids via gymnotic
delivery and observed its effect on mutant transcript expres-
sion through PCR analysis following ASO therapy. This study
underscores the potential of human inner ear organoids as
a platform for modelling genetic inner ear diseases and eval-
uating potential therapeutic interventions. Our findings offer
promising avenues for increasing treatment options for in-
dividuals affected by genetic hearing loss, offering hope for
improved outcomes and quality of life.
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HMGA2 mediates tonotopic identity in the developing
mouse cochlea

Chakraborty S., Ruhala J., Cassinotti L., Corfas G.,
Waldhaus J.
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HMGAZ2 belongs to the non-histone chromosomal high-
-mobility group (HMG) protein family and binds to DNA
at promoter and enhancer regions. The chromatin modifier
plays a role in recruiting other factors such as histone acet-
ylases, which together with HMGA2 form a structure called
the enhanceosome that has impact on local chromatin struc-
ture and therefore gene expression. In the cochlea, HMGA2 is
tonotopically expressed. However, its relevance for frequency
specific hearing remains to be determined. Sonic hedgehog,
a tonotopic morphogen, forms an apex-to-base decreasing
gradient in the cochlea. To study the impact of hedgehog
signaling on HMGA?2 expression, the hedgehog pathway was
activated in vivo using a gain-of-function mouse model. On
the other hand, retinoic acid forms a base-to-apex decreas-
ing morphogen gradient, thereby opposing sonic hedgehog.
To modulate retinoic acid levels in vivo, gain- and loss-of-
function mouse models were used. Furthermore, condition-
al knockout of Hmga2 from the otocyst stage was established
to study the relevance of HMGA2 using histological staining
and hearing measurements. Constitutive activation of the HH
pathway resulted in ectopic expression of HMGAZ2. Retinoic
acid in turn was found to limit the extension of the HMGA2
gradient towards the base. This finding indicates that position-
al information mediated by tonotopic morphogen gradients
establish the Hmga2 gradient in vivo. Conditional knockout
of Hmga2 did not affect the cellular composition of the organ
of Corti. However, adult mice fail to develop normal low-fre-
quency hearing as determined by ABR and DPOAE meas-
urements. In this work, we used different transgenic mouse
lines to establish that embryonic patterning via retinoic acid
and sonic hedgehog establish the HMGA2 gradient along
the tonotopic axis. Also, loss of Hmga2 demonstrated that
the chromatin modifier is necessary for the development of
low-frequency hearing in the adult animal. Together, these
results indicate that HMGAZ2 is an integral part in mediating
tonotopic identity in the mouse cochlea.

Human pluripotent derived auditory neuron progenitors
(LCTANP1) for the treatment of auditory neuropathy
spectrum disorder

Hayoun Neeman D.!, Wiser O.!, Mizrahi O.!, Alon L.},
Raphael Y%, Skaliter R.!

! Lineage Cell Therapeutics, Inc., Carlsbad, CA, USA
2 University of Michigan, Ann Arbor, MI, USA

Introduction: Loss of auditory nerve cells can lead to au-
ditory neuropathy, even when the hair cells and the coch-
lear nucleus remain intact. Cell-based therapy for replacing
lost or dysfunctional auditory neurons may restore hearing
in these cases and enhance the degree of success of a coch-
lear implant procedure by repopulating the cochlea with
transplanted, functional auditory neurons. We developed
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a novel proprietary differentiation process to manufacture
LCTANPI1 composed of Auditory Neuron Progenitors from
clinical grade line of pluripotent human stem cells.

Material and methods: The manufacturing process starts
with a series of differentiation cues, in specific time frames,
and ends by harvesting the auditory neuron progenitors cells,
and cryopreserving them as LCTANPI1 drug product in a
ready to administer format. LCTANP1 cells were character-
ized by biological and functionally relevant sets of markers,
using different quantitative methods that we newly developed
and customized such as analysis of specific protein marker
expression by flow cytometry, and immunofluorescence and
expression profiles, including RNA sequencing. Functional
in-vitro assays were developed to measure neuronal prop-
erties of LCTANPI, such as the ability to elicit calcium in-
flux. Fluorescent labeled LCTANP1 cells were delivered to
the base of the cochleae of eight ouabain-treated guinea pigs
by a cochleostomy and via the scala tympani, or the modi-
olus. Seven days later, animals were euthanized and labeled
LCTANPI cells were visualized within the cochlea using a
fluorescence stereoscope and by human specific immuno-
fluorescent staining.

Results: LCTANP1 cells were successfully manufactured at
scale, met pre-set release criteria, and demonstrated relevant
activity in in-vitro functional tests. LCTANPI cells were cry-
opreserved in a ready-to-administer, thaw and inject for-
mat and were successfully thawed, successfully transplanted
and survived a 7-days study in an in-vivo Guinea pig model.
LCTANPI cells are currently being evaluated in a function-
al model of hearing simultaneous with additional manufac-
turing enhancements.

Conclusions: LCTANP1 is a novel cell-based product com-
posed of Auditory Neuron Progenitors derived from clini-
cal grade pluripotent stem cells. LCTANP1 completed initial
CMC and Preclinical POC.

In situ 3D fluorescence microscopy mapping in the
Prphp-mCherry mouse line differentiates inner ear
afferent populations

Pearson L.J.!, von Jonquieres G.!, Slapetova 1.2, Fok S.2,
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The inner ear facilitates hearing and balance sensory encoding
through its complex 3D structure and heterogeneity of prima-
ry afferent neurons. In the cochlea, spiral ganglion neurons
(SGN) directly encode sound via the inner hair cell-Type I
SGN circuit and regulate cochlear amplification feedback via
the outer hair cell-Type II SGN circuit. Vestibular ganglion
neurons (VGN) are divided into calyx afferents (Type I hair
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cells), dimorphic (both Type I and Type II hair cells), and
bouton afferents (Type II hair cells), that map to regions of
the cristae and otolith organs to encode features of head posi-
tion and acceleration. Both Type IT SGN and vestibular bou-
ton afferents are marked by the Type III intermediate filament
protein Peripherin (Prph). We developed a transgenic mouse
model using Prph promotor elements which demonstrated
mCherry reporter expression (Prphp-mCherry) in SGN and
VGN throughout postnatal development, characterised us-
ing CUBIC1/PEGASOS clearing and Lightsheet fluorescence
microscopy. We found overlap of the Prphp-mCherry and
Prph immunopositive populations in the hook and basal re-
gions of the cochlea, but significant mismatch in mid-apical
regions. In the vestibular ganglion, mCherry immunolabel-
ling was confined to small diameter afferent somata by adult-
hood, colocalising with Prph positive bouton afferent fibres,
although mismatch in fibre staining suggests a subpopulation
has been identified. Using nanopore sequencing, the integra-
tion site of the Prphp-mCherry transgene cassette was located
within the Grm8 gene encoding metabotropic GluR8, where
exon reshuffling was evident. Intriguingly, Grm8 is a mark-
er of Type Ic SGN, which synapse on the modiolar face of
the inner hair cells and are particularly vulnerable to noise
and aged-related hearing loss. Significant overlap of Type Ic
SGN markers and Prphp-mCherry neurons has been quan-
tified, indicating the integration site of the transgenic con-
struct may have influenced transgene expression. Mapping
the distribution of type and subtype markers in the cochlea
SGN and under-resolved landscape of the VGN in 3D has
revealed new protein marker compartmentalization, uncov-
ering broader afferent heterogeneity in the inner ear.

Influence of impeded biomechanics after implantation

Lorens A.', Polak M.?, Walkowiak A.!, Skarzynski PH.**,
Skarzynski H.>

! Department of Implants and Auditory Perception, World
Hearing Center, Institute of Physiology and Pathology of
Hearing, Warsaw/Kajetany; Poland

? Med-El, Innsbruck, Austria

? Department of Teleaudiology, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

* Institute of Sensory Organs, Kajetany; Poland

? Oto-Rhino-Laryngology Surgery Clinic, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

The hearing preservation has become a standard goal of coch-
lear implantation. A new method of monitoring cochlear
function has become available using the intracochlear elect-
rocochleography or intracochlear ECochG. This measurement
allows via intracochlear electrodes of the cochlear implant
itself to record the response to acoustic stimuli. The feasi-
bility of such recordings was presented at the XXXII World
Congress of Audiology in 2014. Intracochlear ECochG is
a sensitive measurement of cochlear function that allows for
detection of basilar membrane contact in Flex arrays. Our
previous study (Lorens et al., 2019) showed that the meas-
urements of acoustically evoked intracochlear potentials via
the location dependent intracochlear electrodes are system-
atically recordable in a wide range of postoperative hearing
abilities of cochlear implantees. The most sensitive location
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within the cochlea to record CM potentials depends on the
frequency tone used. The deeper in the cochlea the mean
maximum CM peak-to-peak amplitude is, the lower the stim-
ulating tone frequency will be. Multiple recordings along the
cochlea provide a method for assessing cochlear mechanics.
In this study, we use this approach to test for electrophysio-
logical evidence of basilar membrane fixation, demonstrat-
ed by a substantial basal or apical shift of maximum ECochG
response away from the characteristic frequency of the stim-
ulus. The hearing preservation rates and speech outcomes
will be presented and compared in 16 cochlear implantees.

Input ear impedance and eardrum energy reflectance
variations related to increase in intracochlear and
intracranial pressure

Botti T.!, Cerini L.}, Sanjust E!, Sisto R.!, Sharma Y.2,
Moleti4A.?

! INAIL, Monte Porzio Catone, Rome, Italy
2 University of Rome Tor Vergata, Rome, Italy

Variations of the intracranial pressure (ICP) are expected in
particular pathologies, in microgravity conditions, and as-
sociated with postural changes. Lumbar puncture is a di-
rect but highly invasive ICP diagnostic method. Mechanical
models of the inner and middle ear suggest an indirect non-
invasive method based on acoustic measurements. Since the
cerebro-spinal fluid is in contact with the intracochlear flu-
id, a change of the pressure in the lymphatic fluid of the pe-
ripheral hearing system gives information about variations of
the ICP. In particular, the increase in the cochlear fluid pres-
sure is measurable as increase of the middle ear reflectance
and, consequently, the otoacoustic emission (OAE) phase
(Buki et al., 1996; Avan et al., 2018; Voss et al., 2010). Avan
et al. (2000) theoretically characterized the enhancement of
the middle ear stiffness in terms of stapedius reflex activi-
ty as a reduction of the stapes compliance and observed the
relative increase of the distortion product OAEs (DPOAE:)
phase. As ICP changes can be induced by postural chang-
es, we use theoretical models of middle ear transmission to
discuss how and why the reactance of input ear impedance
Z changes with the body posture, showing correlation with
the increase and the frequency shift of the eardrum energy
reflectance, and the DPOAE phase changes. Specifically, in
the low-frequency range, the reactance of Z is stiffness-domi-
nated, thus it is a negative function of (and inversely propor-
tional to) frequency. When a tested subject changes position
from orthostatism to clinostatism, the negative term of reac-
tance decreases and the frequency of null reactance increases.
This evidence is in accordance with the reduction of the sta-
pes compliance which is most relevant at very low frequen-
cy. These results help providing a theoretical basis to (and a
connection among) the empirical methods for the indirect
estimate of ICP variations based on the monitor of different
observable consequences of the variation of the middle ear
transmission, which can be applied in microgravity condi-
tions or also in cerebrospinal diseases.
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Intracochlear administration methods across species

Souchal M.', Coyat C."?, Diot S.2, Marie A."?, Flaszka E.!,
Baudoux V.!, Pucheu S.}, Naert G.!

! Cilcare SAS, Montpellier, France
? Cilcare Inc, Lexington, MA, USA

Introduction: The delivery of therapeutic molecules to the
inner ear represents a challenge due to the blood-labyrinth
barrier, necessitating local delivery approaches, particularly
for expensive medications or drugs with limited therapeutic
range or susceptibility to systemic side effects. This is par-
ticularly relevant for viral gene transfer and cell-based ther-
apies, but could be meaningful for small molecules, peptides
or antibodies. Adeno-associated virus (AAV) vector emerg-
es as a prominent choice for gene therapy due to its infec-
tion efficiency, low toxicity, sustained gene expression, and
cost-effectiveness.

Purpose: This study aimed to compare different intracochlear
(IC) injection techniques in mice and guinea pigs.

Material and methods: Mice were administered via posteri-
or semicircular canal (PSCC) and round window (RW) in-
jections, while guinea pigs received cochleostomy infusion,
RW injection (RWI) or deposit (RWD) due to anatomical
differences. Auditory function effects of IC administration
were evaluated in both species via auditory brainstem re-
sponse (ABR) and distortion product otoacoustic emission
(DPOAE) measurements. Following AAV delivery, GFP ex-
pression from AAV-mediated cell transfection enabled the
identification of transfected cochlear regions. Both PSCC and
RW injections successfully targeted hair cells, albeit with vari-
ations in transfection patterns and intensity depending on the
injection method and AAV subtypes. Regarding molecules
delivery, the continual renewal of inner ear fluid may neces-
sitate chronic infusion for maintaining active concentrations,
assessable through pharmacokinetics evaluation. Finally, im-
pacts on auditory function varied among injection methods,
with PSCC and IC routes showing less effect on DPOAE am-
plitudes and ABR thresholds compared to the RW route.

Conclusions: In conclusion, our study highlights the im-
portance of refined intracochlear delivery method in ani-
mals accordingly to the delivered product and targeted inner
ear disorders. While all methods effectively enabled to reach
cochlear hair cells, variations in transfection patterns or in
product concentration at targeted cells, and effects on audi-
tory function highlight the need for careful consideration of
injection strategies. It is worth mentioning that the posterior
semicircular canal (PSCC) and cochleostomy route, though
effective in animals, lacks translational relevance to humans.
Moving forward, further research into optimizing delivery
methods and understanding their specific effects on cochle-
ar function will be essential for advancing therapeutic inter-
ventions in auditory disorders.
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Investigating the genetic bases of age-related hearing
loss - human GWAS to mouse models

Aguilar C."?, Newton S."?, Flook M."?, Brown S.D.M.?,
Dawson S.J.}, Bowl M.R.}?

" UCL Ear Institute, London, UK
2 MRC Harwell, Oxfordshire, UK

The most common form of sensory disability is age-related
hearing loss (ARHL), a complex disorder involving genetic
and environmental factors. While not life-threatening, ARHL
causes communication difficulties and is associated with so-
cial isolation, depression and reduced physical and cognitive
function. Moreover, there is a growing literature suggesting
causal links between ARHL and dementia. Presently, there
are no biological therapies for the condition, and our limited
knowledge of the underlying genetic mechanisms of ARHL is
a severe impediment to the design of interventions.

As with other complex disorders, genome-wide association
studies (GWAS) have had limited success in identifying sus-
ceptibility genes. However, the advent of the UK Biobank,
with ~500k participants, is a game-changer having the statis-
tical power to identify genome-wide significant loci. Indeed,
a recent study reported 44 significant loci associated with
self-reported hearing difficulty or hearing aid use. These data
represent an opportunity to increase our understanding of
ARHL, but first the gene responsible for the association at
each locus needs to be confirmed.

Mice are the predominant model organism for hearing re-
search. Similarities in auditory structure and physiology with
humans, close evolutionary relationship of genomes and the
available genetic toolkit, make mice an ideal system for stud-
ying the functional genomics of hearing. To elaborate upon
the genetics of ARHL, we are generating knockout mice for
genes located in close proximity to the strongest associations
and assessing their hearing; we are utilising the IMPC pro-
gramme, importing knockout lines and undertaking recur-
rent auditory phenotyping up to 15-months of age.

In addition to Clrn2, using this approach we have validated
Baiap2I2 and Klhdc7b as important for mammalian hear-
ing. However, no overt hearing phenotype was evident in
Arhgef28, Nid2 or Fto mutant mice.

These findings highlight the potential of the UKBB data to
elaborate upon the genetics of mammalian hearing, but also
the difficulty of translating results from human GWAS to
animal models. Importantly, here we have only investigat-
ed gene loss-of-function, which may not be appropriate in
all cases. Validated mouse models will provide essential in-
formation regarding the pathobiology of ARHL, and this
knowledge will lay the foundation necessary for developing
preventive strategies.
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Isolated early onset hearing impairment? Diagnosis of
syndromic forms by whole genome sequencing

Marlin S., Serey Gaut M., Mosnier I, Rouillon I., Parodi M.,
Loundon N., Blanc P, Jonard L., Balogoun R.

! Centre de références des surdités génétiques, UF Développement
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? Centre de Recherche en Audiologie, Hopital Necker, APHP,
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? Institut Imagine, Paris, France

Introduction: Clinical geneticists involved in the diagnosis
of early onset hearing loss can to encounter young patients
with apparently isolated hearing loss or cochleovestibular
pathology and a diagnosis of a syndromic form. For exam-
ple, diagnosis in a young child of Usher syndrome, that as-
sociates congenital hearing loss (and vestibular areflexia in
the type 1) and later onset retinitis pigmentosa, is not rare
in our practice.

Material and methods: In France, patients presenting with
early onset isolated or syndromic hearing loss have access
to diagnostic trio whole genome sequencing through the
Plan France Medecine Genomique 2025 sequencing plat-
forms. From 2020 to 2023, almost 500 families have under-
gone whole genome sequencing for this indication on the
SeqOIA platform only.

Results: Among patients assessed in the Paris Reference
Center for Genetic Deafness and presenting with apparently
isolated early onset hearing loss or cochleovestibular pathol-
ogy, whole genome sequencing identified one patient with
Usher syndrome (USH2A) and four patients with very rare
syndromic forms. Syndroms identified are Heimler syndrome
(PEX6), a Perrault syndrome phenocopy (NARS2), Dystonia
Deafness Cerebral Hypomyelination syndrome (BCAP31) and
Hypoparathyroidism Deafness Renal syndrome (GATA3).

Conclusions: Diagnostic whole genome sequencing enables
the diagnosis of ultra rare conditions, which would not have
been possible with usual panel sequencing testing strategies.
For the patients, the diagnosis of a syndromic form in an ap-
parently isolated presentation allows for better care and ge-
netic counselling but can also be distressing. Indeed, the delay
between the result and the manifestation of additional symp-
toms and the severity of these symptoms can be uncertain.

Lefl and Tcf712 are Wnt signalling effectors with
contrasting functions during inner ear sensory organ
formation

Zak M., de Andres J., Terry S., Gale J., Daudet N.
UCL Ear Institute, University College London, UK

The inner ear is composed of several sensory organs respon-
sible for the detection of sound, head position and accelera-
tion. During embryonic development, these organs originate
from neurosensory-competent domains within the otocyst,
but the molecular signals controlling sensory organ forma-
tion remain unclear. The transcription factor Sox2 is required
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for neurosensory specification since its deletion abolishes the
differentiation of sensory organs and their associated neu-
rons. Sox2 is initially present throughout the otocyst, but it
becomes restricted to the ventro medial aspect. Our recent
work suggests that this restriction is regulated in a dose-de-
pendent manner by a dorso ventral gradient (from high to
low) of canonical Wnt activity. Dorsally, high levels of Wnt
activity inhibit sensory organ formation whereas ventrally,
low levels are needed to maintain prosensory specification. To
find out how Wnt signalling can exert these two contrasting
functions, we analysed the expression and function of four
members of the Tcf/Lef family of transcription factors (LefI,
Tcf7, Tef711 and Tef712) in the chicken otocyst. We found that
all members of the family are expressed in the otocyst but
that each factor has a unique expression pattern. Our func-
tional studies suggest that only Lef] and Tcf7I2 contribute to
prosensory specification. The expression pattern of Lef] and
its gain-of-function effect reflect high levels of Wnt activi-
ty, while the distribution of Tcf7I2 and the effect of its over-
expression are consistent with low levels of Wnt activity. In
summary, our results suggest that Lef] and Tcf7I2 transcrip-
tion factors are key effectors of the Wnt activity gradient dur-
ing inner ear sensory organ formation.

Lgr5+ endogenous progenitor cells in the adult
(deafened) cochlea

Smith-Cortinez N."?, Holtappels E'?, Fenton G.!?,
Versnel H.»?, Thomeer H.G.X.M."?, Straatman L.V.}?

! Department of Otorhinolaryngology and Head & Neck Surgery,
University Medical Center Utrecht, The Netherlands

2 UMC Utrecht Brain Center, University Medical Center Utrecht,
The Netherlands

Introduction: LGR5 positive supporting cells (SCs) in the
cochlea give rise to hair cells (HCs) during embryonic de-
velopment. Neonatal SCs have increased progenitor poten-
tial compared to adult and only a few studies (including
ours) have shown survival of SCs with progenitor cell mark-
ers after severe HC loss in adult mice. In mammals, there is
no evidence for spontaneous HC regeneration in adulthood.
However, three-dimensional cultures have allowed the ex-
pansion and experimentation of human (and mouse) inner
ear organoids. Here, we evaluated HC differentiation from
human cochlear organoids and from adult normal-hearing
and deafened mice.

Material and methods: Adult patients undergoing surgery
for skull base tumors were included. Sensory epithelium of
the cochlea and vestibular organ was collected in medium
and tissue was digested to single cell suspension. Adult Lgr5-
eGFP-IRES-creERT2 heterozygous mice were used. Mice
were deafened with a single dose of furosemide in combina-
tion with kanamycin and deafening was confirmed by audi-
tory brainstem responses (ABRs). Cochleas were harvested
and digested to single cell suspension and after filtering, 3D
drops were made with Matrigel. Cells were grown on expan-
sion medium (EM) for 10 days and differentiation medium
(DM) for 3-10 days after. Organoids were fixed, permea-
bilized and processed for immunofluorescence and whole-
mounted for imaging in a confocal microscope.
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Results: Vestibular-organ-derived organoids were generat-
ed in EM from all seven patients so far included. Cochlea-
-derived organoids were generated in five out of seven
patients. After exposure to DM, vestibular organ-derived and
cochlea-derived organoids produced MYO7A+ HC-like cells.
Cochlear organoids from normal-hearing mice expressed
LGR5 and Ki67 in EM and MYO7A after differentiation.
Significantly less cochlear organoids were produced from
deafened mice; however the organoids reached similar size
as NH-cochlear organoids, expressed LGR5 and Ki67 in EM
and MYO7A after differentiation.

Conclusions: Cochlear and vestibular tissue from adult pa-
tients (and adult normal-hearing and deafened mice) possess
progenitor potential and the capacity to generate inner ear
organoids in vitro. After differentiation, HCs were visible in
tissue derived from human cochlea, human vestibular organ,
and adult mouse cochlea. The adult inner ear has (limited)
regenerative capacity and can produce new MYO7A+ HCs.

Loud low frequency sound-induced pathophysiology of
cochlear sound transmission and sound transduction

Zaidi W.!, Burwood G.%, Fridberger A.!

! Department of Biomedical and Clinical Sciences, Linkdping
University, Linkoping, Sweden

2 Oregon Hearing Research Center, Department of
Otolaryngology, Oregon Health and Science University, Portland,
USA

Introduction: Prolonged exposure to loud sounds can re-
sult in noise-induced hearing loss. Among sounds of differ-
ent frequencies, loud high frequencies are damaging to base
of the cochlea while loud low frequencies induce damage in
the larger range of cochlea. Research has predominantly fo-
cused on the effects of high-frequency noise, though the con-
sequences of loud low-frequency sounds (LFS) on cochlear
function have received almost no attention.

Objective: The primary objective of this study was to inves-
tigate adverse effects of loud-LFS on cochlear sound trans-
duction and sound transmission in guinea pigs.

Material and methods: Under anesthesia, guinea pigs were
exposed to 200 Hz at 120 dB SPL for 40 mins, while controls
received similar exposure at 55 dB SPL. The distortion prod-
uct otoacoustic emissions (DPOAEs) and compound actional
potential (CAP) thresholds were measured to evaluate outer
hair cell (OHC) function and sound transmission to brain, re-
spectively. In a different cohort of surgical guinea pigs, organ
of corti (OoC) vibrations were recorded at the apex of coch-
lea, using optical coherence tomography. All measurements
were taken before and after the sound exposure.

Results: We present that loud-LFS knocks out CAP for all
tested frequencies, from 0.5 to 32 kHz. However, DPOAEs
amplitudes remain unchanged to similar exposure. These
findings suggest that loud-LFS selectively impairs sound
transmission to brain without altering the hearing thresh-
old, particularly in the cochlear region specific to middle
to high frequencies. However, subsequent investigations of
loud-LFS impact on apical cochlear mechanics revealed that
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loud-LFS alters apical frequency resolution by causing an up-
ward shift in OoC best frequency. Our results also show a de-
crease in OoC vibrations at all frequencies, particularly more
pronounced at frequencies below and above the best frequen-
cy. Vibration magnitude reductions were largest at low stim-
ulus levels while alterations at intense stimulus levels were
insignificant, reflecting a loud-LFS mediated impairment of
OHC driven amplification at the apex of the cochlea. These
response-magnitude changes were accompanied by morpho-
logical alterations within the cochlea.

Conclusions: These findings suggest that loud-LFS causes se-
lective damage, impairing cochlear sound transmission across
a wide range while preserving OHC transduction at cochlear
base and damaging it at the apex.

Mapping human inner ear development: insights from
single-nucleus transcriptomics

van der Valk W.H.!, van Beelen E.S.A.2, Udayappan S.D.},
de Groot J.C.M.J.2, Koehler K.R.>#, van Benthem PP.G.%,
Locher H.!

! Department of Otorhinolaryngology and Head & Neck Surgery
and the Novo Nordisk Foundation Center for Stem Cell
Medicine (reNEW), Leiden University Medical Center, Leiden,
The Netherlands

2 Department of Otorhinolaryngology and Head & Neck Surgery;
Leiden University Medical Center, Leiden, The Netherlands

? Department of Otolaryngology, EM. Kirby Neurobiology Center
and Department of Plastic and Oral Surgery, Boston Children’s
Hospital, Boston, MA, USA

# Department of Otolaryngology-Head and Neck Surgery, Harvard
Medical School, Boston, MA, USA

The inner ear, essential for auditory perception and balance,
relies on specialized cell types whose developmental mech-
anisms are incompletely understood. While animal models
provide valuable insights, human inner ear development re-
mains predominantly characterized by descriptive approach-
es. The advent of single-cell transcriptomics offers a promising
approach to decode the complexities of human inner ear de-
velopment. In this study, we introduce the Human Inner Ear
Developmental snRNAseq Atlas (HIEDRA), a comprehensive
single-nucleus RNA transcriptomic dataset that covers the
entire membranous human inner ear at nine developmental
stages from fetal weeks 7 to 15. Our analysis of over 55,000
cells reveals the molecular dynamics that drive the differen-
tiation of epithelial, neuronal, and mesenchymal cell popula-
tions in both vestibular and cochlear regions. We provide new
insights into specific gene markers that differentiate cochlear
from vestibular cell types. We additionally find the involve-
ment of canonical signaling pathways such as Notch, Wnt,
and Hippo in sensory cell type development - a correlation
previously established in non-human models. Moreover, our
data reveal the contribution of additional signaling pathways,
including TNE, to hair cell formation in silico. We also iden-
tify the role of ErbB, Notch and Hippo signaling pathways
in the specification of key nonsensory epithelial cell types:
vestibular dark cells and cochlear marginal cells, which are
crucial for inner ear function. Our findings not only clari-
fy the complex landscape of human inner ear development
but also highlight the diverse roles of otic mesenchymal cells,
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previously underappreciated in this context. This character-
ization deepens our understanding of human inner ear de-
velopment and offers potential to explore pathophysiological
mechanisms that lead to hearing loss and balance disorders.
Furthermore, leveraging these insights to improve culture
models, such as human pluripotent stem cell-derived inner
ear organoids, could significantly boost their applicability for
in vitro studies of developmental processes and their efficacy
as disease models.

Mechanotransduction molecules regulate stereocilia
membrane mechanics

George S.', Ricci A.1?

! Department of Otolaryngology; Stanford University School of
Medicine, Stanford University; Palo Alto, CA, USA

2 Department of Molecular and Cellular Physiology, Stanford
University;, Palo Alto, CA, USA

Hair cells are the mechanoreceptors of the auditory and ves-
tibular sensory systems. The sensory hair bundle is the or-
ganelle that senses movement and converts this movement
to an electrical signal using mechanosensory ion channels.
These channels can operate at high frequencies and with sen-
sitivities at molecular dimensions. How is this achieved? A
growing body of data supports the hypothesis that the stere-
ocilia membrane plays a role in modulating mechanotrans-
duction. Biochemical modulations happens with PIP2, for
example, regulating permeation and conductance. Mechanical
modulation is implicated by fluorescent recovery after pho-
tobleaching which demonstrated that the MET open proba-
bility co-varied with membrane diffusivity; lower diffusivity
correlated with more open channels. We now demonstrate
that the MET channel complex directly regulates membrane
viscosity using a newly developed viscosity sensor, BODIPY
lc. This sensor shows a strong correlation between MET
channel activity and membrane viscosity both during devel-
opment and in mutant mice that disrupt mechanotransduc-
tion. Biophysically dissecting current, voltage and calcium
demonstrates that scramblase activity associated with the
MET channel is responsible for the lower membrane viscos-
ity. Conventional MET channel blockers block the scramblase
activity resulting in an elevation in viscosity. We suspect an
as yet undefined membrane flippase/floppase system creating
an asymmetric membrane that is then regulated by the MET
channel’s scramblase activity. The reduced viscosity will di-
rectly impact MET channel kinetics and sensitivity.

This work was supported by R21DC021027-01 to SSG and
RO1DC021448 to AJR from NIDCD.
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NEURODI1 orchestrates cell fate changes and
neurogenesis

Pavlinkova G.!, Lebron-Mora L.!, Bohuslavova R.},
Pysanenko K.%, Syka J.2, Yamoah E.N.?, Fritzsch B.*
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? Department of Physiology, School of Medicine, University of
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NEURODI, a basic helix-loop-helix (bHLH) transcription
factor, plays an essential role in neurogenesis within both
the central and peripheral nervous systems. Recent stud-
ies demonstrate its capability to directly reprogram various
cell types into neurons. However, these cell-reprogramming
experiments indicate that NEURODI1 possesses the ability
to instigate cell-fate changes but only under specific condi-
tions that remain incompletely characterized. To gain fur-
ther insights into the ability of NEURODI to change cell-fate
and promote neurogenesis in vivo, we used three distinct
gain-of-function of Neurodl mouse models. Each model
was designed to explore different temporal and spatial over-
expression of NEUROD1. Overexpression of NEURODI in
non-neuronal progenitors resulted in the induction of neuro-
genesis and neuron generation, while in neuronal progenitors
it yielded no discernible changes. Our study provides new evi-
dence that NEURODI1 is an efficient reprogramming factor of
non-neuronal progenitors into neurons and confirms its po-
tential for facilitation of reprogramming therapeutic strategy.

Novel antisense therapy for USH2A patients

Mauriac S.A."?, Huang Y-H."?, Jin J."%, Phillips J.B.*, Wegner
J.4, Westerfield M., Koehler K.R."%, Yu T."%, Géléoc G.S.G."?

! Kirby Neurobiology Center, Boston Children’s Hospital, Harvard
Medical School, Boston, MA, USA

? Department of Otolaryngology, Boston Children’s Hospital,
Harvard Medical School, Boston, MA, USA

? Division of Genetics and Genomics, Boston Children’s Hospital,
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* Institute of Neuroscience, University of Oregon, Eugene,
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Perilymph proteome in prelingual deafness

Matusiak M.}, Konopka A.?, Ozieblo D.?, Oldak M.?,
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! Oto-Rhino-Laryngology Surgery Clinic, World Hearing
Centre, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

2 Life Sciences and Biotechnology Core Facility Laboratory;
Lukasiewicz Research Network — PORT Polish Center for
Technology Development, Wroclaw, Poland

? Department of Genetics, Institute of Physiology and Pathology of
Hearing, Warsaw/Kajetany; Poland

Introduction: Inner ear liquid biopsy would help in under-
standing the molecular environment of the diseased organ.
In cases of prelingual deafness it is postulated that cochlea’
insufficiency, both congenital and acquired in early postna-
tal period is connected with remarkable changes in the peri-
lymph proteome and the protein pathways. In cases in which
deafness results from genetic change of the cochlea structures,
like GJB2-related deafness, it is probably expected that pro-
teins encoded by the defected gene should not be detected in
the perilymph or should be detected at much different lev-
els. Analogically, in cases of deafness acquired due to ototoxic
agents exposure one could expect that proteome character-
istics would be altered, among others towards inflammatory
products and proteins involved in oxidative stress reactions.
Having known the proteome status of the perilymph we could
approach to more precise prognosis of the disease, especially
in cases of residual hearing.

Material and methods: We have collected perilymph samples
using glass capillaries from preliminary group of prelingually
deaf children during the procedure of cochlear implantation
in Institute of Physiology and Pathology of Hearing, Warsaw.
Each sample was no less than 2 pl and was harvested via
round window approach. Method: using mass spectrometry
(MS) protein quality analysis was performed in each sample.

Results: Number of detected proteins across samples var-
ied from 1324 to 2103. Further samples taken from patients
with different kinds of deafness are needed to continue the
analyses.

PHOENIX - an animal free platform to accelerate the
development of new therapeutics against sensorineural
hearing loss

Rousset E!, Sgroi S.!, Oberhauser L., Daskalou D.!,
Sipione R.!, Jaquet V.2, Senn P."?

! The Inner Ear and Olfaction Lab, Department of Clinical
Neurosciences, University of Geneva, Switzerland

2 Department of Cell Physiology and Metabolism and READS
unit, University of Geneva, Switzerland

 Service of Otorhinolaryngology-Head and Neck Surgery;
Department of Clinical Neurosciences, Geneva University
Hospitals, Geneva, Switzerland

Cochlear hair cells and their associated auditory neurons
do not regenerate after injury, leading to irreversible senso-
rineural hearing loss. This lack of regenerative potential of
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cochlear progenitors is a major obstacle to developing effi-
cient in vitro models, delaying new therapeutic advancements
for hearing loss treatment. Consequently, from early preclin-
ical stages, testing new treatments relies on animal-based
models, resulting in low throughput, significant variability,
and limited predictive value. We have recently identified the
signaling pathways that can reprogram stemness in senes-
cent auditory neuroprogenitors. By synergistically targeting
the WNT and TGFB/Smad pathways using small molecules
or genetic means, we achieved virtually unlimited expansion
of auditory neuroprogenitors in vitro. This reprogramming
does not compromise their ability to differentiate into mature
and functional auditory neurons, even after 40 passages and
a thousand-fold amplification. The so-called phoenix audi-
tory neuroprogenitors can be frozen and thawed, leading to
the creation of a cell bank and offering an efficient alterna-
tive to animal-based models. The phoenix platform provides
numerous advantages, including suitability for high-through-
put technologies, low experimental variability, single-cell res-
olution, and a significant reduction in the number of animals
used. Furthermore, it maintains the phenotype of auditory
neurons in a primary culture-like setup. Initially developed
using mouse neural cells, we are currently implementing
this model with human fetal otic neural stem cells. This re-
programming method represents a significant breakthrough
in overcoming a major bottleneck in auditory research. The
phoenix platform offers an efficient, high-throughput, cost-
effective, and 3R-compatible approach for in vitro screening
of potential otoprotective and otoregenerative drug candi-
dates. In addition, the precise investigation of the mecha-
nisms leading to phoenix proliferation opens new avenues
in the field of inner ear regeneration.

Quantitative RNA-scope study of the expression patterns
of Tcf/Lef transcription factors in the otocyst

de Andres J., Gale J., Daudet N., Zak M.
UCL Ear Institute, University College London, UK

Canonical Wnt signalling is a critical morphogenic pathway
regulating cell fate choices and tissue patterning during em-
bryogenesis. In the developing inner ear, Wnt signalling is
implicated in both otic induction and hair cell differentia-
tion. Our recent work revealed that it also regulates prosen-
sory specification, which is the formation of inner ear sensory
organ precursor cells. We observed a dorso-ventral gradient
of Wnt signalling activity throughout the early otocyst and
showed that it has two opposing functions: inducing and re-
pressing prosensory specification in a manner that is dose-
dependent. Wnt signalling operates through the activation of
different sets of target genes, expression of which is regulated
by four transcription factors from the Lef/Tcf family. Thus, to
better understand the process and mechanisms of Wnt gradi-
ent activity during prosensory specification, we analysed the
expression patterns of Lefl, Tcf7, Tef711, and Tef712 in the early
chicken otocyst using RNA-scope fluorescent in situ hybrid-
isation and developed a quantification pipeline to better de-
termine their activity levels. Our results show that Lef1, Tcf7,
Tcf711 and Tcf712 exhibit distinct expression patterns across
the dorsal and ventral axes of the otocyst. The different lev-
els and patterns of expression quantified using our pipeline
suggested that Lefl and Tcf7 are candidates for effectors of
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high Wnt signalling activity and Tcf712 is an effector of low
activity. Further functional validation confirmed that LefI
and Tcf712 act downstream of Wnt signalling to regulate its
two contrasting functions during otic prosensory specifica-
tion and thereby substantiate our RNA-scope pipeline as a
valuable tool for quantitative spatial analysis.

Sensory transduction plays an essential role in the
maturation of inner hair cells, afferent ribbon synapses
and auditory nerve fibers

Peineau T.}, Lee J.!, Shrestha B.R.2, Zhu H.%, Zhou W.3,
Holt J.R.}, Géléoc G.S.G.!

! Boston Children’s Hospital, Harvard Medical School, Boston,
MA, USA

? Mass Eye and Ear, Harvard Medical School, Boston, MA, USA

? University of Mississippi Medical Center, Jackson, MS, USA

Inner hair cells (IHCs) convert sound stimuli into electric
signals through activation of mechanosensory transduction
channels (TMCI and TMC2) localized at the tip of the stere-
ocilia (Pan et al., 2013, 2018; Kurima et al., 2015). Hair cells
acquire transduction, progressively, from the basal end of
the cochlea to its apical end, during the first postnatal week
in mice (Lelli et al., 2009). Before the onset of hearing, IHCs
also fire spontaneous action potentials which are believed to
play a role in the development and maturation of the audito-
ry system (Kros et al., 1998; Trish et al., 2007; Johnson et al.,
2011, 2017). Alteration in sensory transduction has been
shown to affect hair cell physiology (Marcotti et al., 2006,
Corn et al., 2018) and maturation of IHC synapse morpholo-
gy (Lee et al., 2021). Here we further investigate how sensory
transduction affects IHC physiology, afferent ribbon synaps-
es, as well as downstream type-I auditory nerve fibers (ANF)
properties. To tackle this question, we took advantage of sev-
eral mouse models with altered sensory transduction: mice
lacking or carrying dominant mutation in TMC proteins. We
performed single cell electrophysiological recordings to as-
sess voltage-dependent calcium currents and exocytosis and
examined ribbon synapse with immunostaining and trans-
mission electron microscopy at 2 weeks and 3 weeks. We as-
sessed the spontaneous and evoked firing properties of ANE,
in vivo, using single fiber recording in anesthetized mice (2-4
months). Finally, we assessed RNA expression of the ANF fib-
ers by RNA single cell sequencing in P24-P28 mice. Our work
demonstrates preservation of synaptic properties and features
in Tmc2 KO mice and alterations in fast and sustained exo-
cytosis along with impairment of voltage-dependent calcium
currents Trmcl KO and double Tmcl/Tmc2 KO mice. These
changes are also associated with alteration in the morpholo-
gy of the synapse as we demonstrated previously (Lee et al.,
2021) and further validated in this study. Our work demon-
strates that sensory transduction plays an important role in
the development and maturation of hair cells, their afferent
synaptic machinery as well as maturation of the ANE.
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Single-cell transcriptomic atlas reveals increased
regeneration in diseased human inner ear balance
organs

Wang T."%, Ling A.H., Billings S.E.!, Hosseini D.K.},
Vaisbuch4Y.!, Kim G.S.!, Atkinson PJ.!, Sayyid Z.N.},

Aaron K.A.', Wagh D.%, Pham N.!, Scheibinger M.!, Zhou R.3,
Ishiyama A.’, Moore L.S.!, Santa Maria P.!, Blevins N.H.!,
Jackler R.K.!, Alyono J.C.!, Kveton J.¢, Navaratnam D.’,
Heller S.', Lopez I.A%, Grillet N}, Jan T.A.%, Cheng A.G."®

! Department of Otolaryngology — Head and Neck Surgery;
Stanford University School of Medicine, Palo Alto, CA, USA

2 Department of Otolaryngology — Head and Neck Surgery;

The Second Xiangya Hospital, Central South University,
Changsha, Hunan Province, PR, China.

? Department of Otolaryngology — Head and Neck Surgery,
Epithelial Biology Center, Vanderbilt University Medical Center,
Nashville, USA

* Stanford Genomics Facility, Stanford University School of
Medicine, Palo Alto, CA, USA

? Department of Head and Neck Surgery; University of California
Los Angeles, Los Angeles, USA

¢ Department of Surgery, Yale University School of Medicine, New
Haven, USA

7 Department of Neurology, Yale University School of Medicine,
New Haven, USA

Mammalian inner ear hair cell loss leads to permanent hear-
ing and balance dysfunction. In contrast to the cochlea, ves-
tibular hair cells of the murine utricle have some regenerative
capacity. Whether human utricular hair cells regenerate in
vivo remains unknown. Here we procured live, mature utri-
cles from organ donors (9 ears from 6 organ donors) and ves-
tibular schwannoma patients (24 ears from 24 patients), and
presented a single-cell transcriptomic atlas at unprecedented
resolution. We validated marker genes using immunostain-
ing and RNAscope in situ hybridization and described previ-
ously unknown markers of 13 sensory and non-sensory cell
types. In addition, we compared and found partial overlap
and correlation between transcriptomes of human and mouse
hair cells and supporting cells. We further uncovered tran-
scriptomes unique to hair cell precursors, which are validat-
ed in both organ donor and vestibular schwannoma utricles.
Unexpectedly we found 14-fold more hair cell precursors in
vestibular schwannoma utricles, demonstrating the existence
of ongoing regeneration in humans. Lastly, supporting cell-
to-hair cell trajectory analysis revealed 5 distinct patterns of
dynamic gene expression and associated pathways. Our data-
set constitutes a foundational resource, accessible via a web-
based interface, serving to advance knowledge of the normal
and diseased human inner ear.
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Styrene ototoxicity is associated with memory
impairment and hippocampal dysfunctions

Montuoro R.!, Pisani A.2, Mohamed-Hizam V.!, Galli J.},
Fetoni A.R.%, Paciello E3

! Department of Head and Neck Surgery, Universita Cattolica del
Sacro Cuore, Rome, Italy

2 Department of Neuroscience, Unit of Audiology, University of
Naples Federico II, Naples, Italy

? Department of Neuroscience, Universita Cattolica del Sacro
Cuore, Rome, Italy

Styrene is an organic solvent commonly used in industries
with well-documented ototoxicity. Although styrene toxici-
ty on cochlear structures has been extensively documented,
its detrimental effect on the central nervous system and on
brain structures involved in the auditory (i.e. auditory cortex)
and extra-auditory (i.e. hippocampus) pathway has not been
established yet. Our recent study reveals that styrene expo-
sure increases oxidative stress in both the cochlea and audi-
tory cortex activating macrophages and glial cells (Paciello et
al., 2024). Considering that alterations in the auditory cortex
induced by peripheral damage can be linked with cognitive
impairment and altered hippocampal functions (Paciello et
al., 2021; Paciello et al., 2023), we wondered if the ototoxic
effect of styrene could also be associated with cognitive dys-
functions. Therefore, the aim of our study was to investigate
the relationship between styrene ototoxicity and cognitive
impairment. To this aim, adult male Wistar rats were ex-
posed to styrene for 5 days a week during 3 weeks at a dose
of 400 mg/kg. Hearing loss and damage to neural transmis-
sion were assessed by recording auditory brainstem respons-
es (ABR) and by performing wave II latency and amplitude
analysis. At the end of treatment (day 21) animals under-
went behavioural test (Novel object recognition test-NOR)
to evaluate recognition memory. Then, we performed mor-
phological analyses and western blot assays in hippocampal
samples to evaluate the level of oxidative stress, macrophage
infiltration, glial cell activation and inflammation in the hip-
pocampus. Results revealed a decrease in auditory threshold
in styrene-exposed animals compared to control animals.
Hearing loss was associated with memory deficits and hip-
pocampal dysfunction with increased oxidative stress, lipid
peroxidation, inflammation, and Iba-1 and CD68 expression
suggesting microglia-induced inflammation. Overall, the pre-
sent study suggests that styrene can exert an oto/neurotox-
ic effect not only in the cochlea but also in brain structures
involved in auditory and extra-auditory pathways, leading
to altered hippocampal functions and memory impairment.

Supporting cell responses to sensory cell damage: novel
insights from a quantitative analysis of cyclodextrin-
-induced ototoxicity in mice

Hu B., Ding D., Ye M.X., Adler H., Sharaf R., Naldrett K.

Department of Communicative Disorders and Sciences, University
at Buffalo, NY, USA

Introduction: The cochlea is vulnerable to various patholog-
ical conditions, with sensory cells typically being the primary
target of damage. However, supporting cells also experience
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significant impacts. Despite their critical role in maintain-
ing the structural and functional integrity of the sensory
epithelium, the responses of supporting cells to cochlear
damage are not well understood. This study aims to charac-
terize the reactions of supporting cells to sensory cell dam-
age in mouse cochleae.

Material and methods: The study utilized a mouse model of
cochlear damage induced by cyclodextrin to simulate the oto-
toxicity of the cochlea. A single dose of cyclodextrin treatment
caused cochlear damage with a damaging pattern similar to
that caused by aminoglycoside antibiotics. The cochleae were
examined at various time points after the treatment to evalu-
ate supporting cell survival patterns and the roles of various
types of supporting cells in the repair process of the organ of
Corti. We also examined the vulnerability of different sup-
porting cell populations and cochlear responses to support-
ing cell pathogenesis.

Results: Cyclodextrin exposure caused considerable senso-
ry cell loss, particularly outer hair cell loss. Despite signif-
icant sensory cell damage, most supporting cells survived.
These surviving cells not only helped maintain the structure
of the organ of Corti but also expressed immune molecules.
However, the basal end of the cochlea exhibited noticea-
ble supporting cell death, with quantitative analysis indicat-
ing that pillar cells were the most vulnerable, followed by
Deiters’ cells. This supporting cell death triggered the local
expression of immune molecules in the surrounding sup-
porting cells. Additionally, macrophages were observed in ar-
eas where supporting cells were absent at the chronic phase
but not in regions with sensory cell loss at the acute stage of
cochlear damage.

Conclusions: This study elucidates the complex dynamics
of supporting cell responses in the cochlea following dam-
age, demonstrating that while most of these cells retain their
structural integrity and initiate immune responses, they ex-
hibit varied vulnerability to cochlear insults. The findings
emphasize the importance of supporting cells in cochlear re-
covery processes and the potential of targeting these cells for
therapeutic strategies aimed at restoring auditory function.

The border and inner-phalangeal cells are required to
synchronize the calcium action potentials in developing
inner hair cells

Yen P, De Faveri F, Ceriani F,, Marcotti W.

! School of Biosciences, University of Sheffield, UK
2 Neuroscience Institute, University of Sheffield, UK

Introduction: Developing cochlear inner hair cells (IHCs)
elicit sensory-independent Ca®* action potentials (APs) that
propagate along the auditory pathway and is required for the
maturation of the IHCs and for the refinement of the neural
circuitry. The AP activity in THCs is believe to the synchro-
nized by spontaneous ATP-induced Ca** waves originating
in the non-sensory supporting cells (SCs). This ATP sig-
nalling triggers fluid secretion from the SCs by activating
Ca?*-activated Cl- channel (TMEMI16A), which has been
reported having bipolar influence on the THC excitability.
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Whether TMEM16A channels are involved in the function-
al maturation of IHCs is still unclear.

Material and methods: We used conditional Tmem16afl/
fIPIp1-cre mice in which the expression of TMEM16a was
downregulated specifically in the inner phalangeal and in-
ner border cells (IPhC and IBC), which are the SCs adjacent
to the IHCs. Cell-attached path-clamp electrophysiology was
used to monitor the SAP activity from ex-vivo cochlear tis-
sue, while whole-cell patch-clamp was used to record cur-
rent and voltage responses in pre- and post-hearing IHCs.

Results: We showed that the absence of TMEM16A in IPhC
and IBC significantly prolonged the inter-spike intervals (ISIs)
of spontaneous APs in the IHCs. High-frequency burst of
APs (210 Hz) in IHCs were almost completely eliminated
in the absence of TMEM16a channels. Calcium imaging also
revealed a significantly reduced correlation in APs between
nearby IHCs from Tmem16afl/fIPIp1-cre mice. Although
the IHCs from Tmem16afl/fIPlpl-cre mice appeared to ex-
perience an initial delay in the maturation of their basolat-
eral membrane currents, they were indistinguishable from
control THCs.

Conclusions: We showed that IPhCs and IBCs mediate the
synchronization of APs in nearby IHCs and that the activa-
tion of TMEM16A channels is critical to elicit high-frequen-
cy burst (>10 Hz) in developing IHCs. We also found that
IHCs from Tmem16afl/fIPlp1-cre mice show a delay in their
maturation, highlighting the possible role of ATP signalling
from the SCs is driving the normal development of IHCs.

The clinical effect of steroids on hearing preservation in
PDT patients in cochlear implantation

Skarzynska M.B.'?, Kolodziejak A.*, Gos E.?, Walkowiak A.%,
Lorens A.’, Pastuszak A.%, Plichta £.6, Skarzynski P.H.>*

! Center of Hearing and Speech Medincus, Kajetany, Poland

2 Pharmaceutical Department (Pharmacotherapy and
Pharmaceutical Care Department), Medical University of
Warsaw, Poland

? Institute of Sensory Organs, Kajetany, Poland

* Department of Teleaudiology, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

* Department of Implants and Auditory Perception, World
Hearing Center, Institute of Pathology and Physiology of
Hearing, Warsaw/Kajetany; Poland

¢ Oto-Rhino-Laryngology Surgery Clinic, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

Introduction: Recent advances in cochlear implantation
which consist of: the design of the electrodes, atraumatic
surgical techniques and monitoring of cochlear function
during implantation, draw attention also to administration
of steroids and other anti-inflammatory drugs for preserv-
ing residual hearing.

Aim: The main aim of this study was to assess the clinical ef-

fect of steroids (dexamethasone and prednisone) on hearing
preservation in patients who underwent cochlear implantation
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with different cochlear implant systems (Oticon®, Advanced
Bionics®, Med-E1°).

Material and methods: 147 adult patients met the inclusion
criteria and were enrolled to the study and divided into three
groups depending on the brand of cochlear implant they re-
ceived and participated in all follow-up visits regularly. They
were also randomly divided into three subgroups depending
on the steroid administration regime: (1) intravenous dexa-
methasone (0.1 mg/kg body weight twice a day for three days);
(2) combined intravenous and oral steroids (dexamethasone
0.1 mg/kg body weight twice a day plus prednisone 1 mg/kg
weight once a day); and (3) no steroids (control group).

Results: The results were measured by pure tone audiome-
try (PTA) at three time points: (i) before implantation, (ii)
at processor activation, and (iii) 12 months after activation.
A hearing preservation (HP) figure was also calculated by
comparing the preoperative results and the results after 12
months. Further measures collected were electrode imped-
ance and hearing threshold in the non-operated ear. The
highest HP measures were obtained in the subgroups who
were given steroids. Of the 102 patients given steroids, HP
was partial or complete in 63 of them (62%). In comparison,
partial or complete HP was achieved in only 15 patients out
of 45 (33%) who were not given steroids. There were differ-
ences between the three cochlear implant groups, with the
Med-El and Advanced Bionics groups performing better than
the Oticon group (45% and 43% of the former two groups
achieved partial or complete HP compared to 20% in the lat-
ter). Hearing thresholds in the non-operated ear were stable
over 12 months.

Conclusions: Pharmacological treatment with steroids in pa-
tients undergoing cochlear implantation helps to preserve re-
sidual hearing.

The effect of brain-derived neurotrophic factor and
neurotrophin-3 on the auditory nerve response to
cochlear implant stimulation

Sly D.J., Ng M., Zhang L., O’Leary S.J., Minter R.L.,
Hampson A.J., Winata L., Bester C., Heffer L.E.

Ear Science Institute, Subiaco, Australia

Cochlear implants rely on the integrity and correct function-
ing of auditory nerves. However, after sensorineural hearing
loss there is a well-characterised degeneration of auditory
nerves. One proposed mechanism of this degeneration is a
reduction in the levels of neurotrophins, which are naturally
occurring proteins that aid the growth and maintenance of
neurons. Neurotrophin application to the cochlea of animals
prevent morphological degeneration of the auditory nerves
after deafness, making it a promising treatment for improv-
ing cochlear implant outcomes. The current study examined
the effects of two major neurotrophins present in the coch-
lea, brain-derived neurotrophic factor and neurotrophic fac-
tor-3, on the function of individual auditory nerve fibres to
cochlear implant stimulation.

Guinea pigs were ototoxically deafened and then divided into
groups that received treatment for four weeks with either
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brain derived neurotrophic factor, neurotrophin factor-3 or
Ringer’s solution as a control. Treatments were administered
one week after deafening and delivered to the left cochlea
through a combined cannula-electrode array that was at-
tached to a mini-osmotic pump. Additional control groups
included guinea pigs deafened for five weeks and an acute-
ly deafened group. At the end of the treatment period re-
sponses of individual auditory nerve fibres to acute electrical
stimulation of the cochlea at rates from 200-5000 pulses per
second were recorded.

Both brain derived neurotrophic factor and neurotrophin-3
treatment generally normalized the reduction in spike latency
of auditory nerve fibres observed after deafness. BDNF sig-
nificantly reduced thresholds compared to all control groups,
while NT-3 did not. Both BDNF and NT-3 increased the first-
spike dynamic range compared to untreated groups. These re-
sults were largely similar regardless of the stimulus rate used.

These results suggest that neurotrophin treatment of the coch-
lea after deafness appears to preserve the latency of audito-
ry nerve fibres, but may alter the response threshold and
dynamic range. Further investigations are required to de-
termine if neurotrophins are likely to preserve or improve
auditory nerve function when used with a cochlear implant.

The expression and functional role of histamine receptor
3 in the mammalian inner ear ¢57BL/6 mice

Kong L., Szczepek A.]., Olze H.
Charité — Universititsmedizin Berlin, Germany

Introduction: Histamine receptor 3 (H3R) is known for its
regulatory functions in the central nervous system, but its
role in the mammalian inner ear is poorly understood. This
study investigates the expression and functional implications
of H3R in the inner ear of postnatal c57BL/6 mice.

Material and methods: Immunofluorescent staining was
employed to determine the localization of H3R in the coch-
lea of postnatal day 3-5 (P3-5) mice. Cochlear explants
were cultured for 24 hours in the presence of one of two
H3R agonist/antagonists, Ciproxifan or Pitolisant, at vari-
ous concentrations (10 uM, 50 pM, 100 pM). The effect of
Ciproxifan and Pitolisant on hair cells (HCs) and spiral gan-
glion neurons (SGNs) morphology was assessed using fluo-
rescent microscopy.

Results: H3R expression was detected in HCs and SGNs.
Exposure to Ciproxifan induced significant damage and loss
of inner and outer HCs in a concentration-dependent man-
ner. Moreover, the typical apex-to-base directional growth of
some type II SGN fibers appeared to be reversed (base-to-
apex). Exposure to Pitolisant did not reduce the number of
HCs. Still, it caused morphological changes in HCs cilia and
a reversed directional growth of type II SGNs but to a less-
er extent than the equivalent concentrations of Ciproxifan.

Conclusions: This study validates the expression of H3R in
the inner ear of P3-5 ¢57BL/6 mice and suggests its potential
role in the development and maintenance of hair cells. The dif-
ferential effects of H3R antagonists underscore the necessity
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of pharmacovigilance for this class of drugs, particularly in
the fields of otology and audiology. Further research is neces-
sary to elucidate the mechanisms underlying the role of H3R
in auditory development and to explore its potential as a ther-
apeutic target for hearing and balance disorders.

The functional integrity of the mechanoelectrical
transduction complex in the hair cells of the mature
cochlea requires MYO7A

Webb S.!, Underhill A.!, Grandi E.C.2, Plion B.%, Carlton A.].!,
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# School of Life Sciences, University of Sussex, Falmer, Brighton,
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Introduction: The transduction of acoustic information into
electrical signals depends on the mechanically induced dis-
placement of stereociliary bundles projecting from the api-
cal surface of the sensory hair cells. Hair bundle deflection
opens mechanoelectrical transducer (MET) channels locat-
ed at the tips of the shorter rows of adjacent stereocilia. The
gating of the MET channels requires force supplied by the
tensioning of tip links during sound-induced bundle dis-
placement. The motor protein MYO7A, which is an uncon-
ventional myosin responsible for syndromic (Usher 1B) or
non-syndromic recessive deafness in humans when mutat-
ed, has long been associated with tip-link tensioning, but
conclusive evidence is still lacking. In this study, we investi-
gated the role of MYO7A in mature hair cells using condi-
tional knockout mice.

Material and methods: The role of MYO7A in mature hair
cells was investigated using conditional Myo7afl/fIMyo15-cre
mice in which the delayed downregulation of the protein al-
lowed normal cochlear development and hearing function
up to about postnatal day 20. Patch clamp electrophysiolo-
gy was used to record the MET current, which was elicited
by displacing the hair bundles of the IHCs and OHCs with
a piezo-driven fluid jet. The morphology of the stereociliary
bundles and their molecular composition was investigated
using immunofluorescence microscopy and scanning elec-
tron microscopy. Hearing function was measured using au-
ditory brainstem responses.

Results: We found that mature hair cells from MYO7A-
deficient mice progressively lose their MET current while
still having normal hair bundle morphology (up to at least 1
month of age), albeit with a considerably reduced stiffness.
Surprisingly, the resting open probability of the MET chan-
nel and its sensitivity to intracellular and extracellular Ca®*
were not affected in the absence of MYO7A. By 2 months
of age, the hair bundles of the hair cells started to become
disorganised and by 7 months the organ of Corti was al-
most completely devoid of hair cells. We also found that the
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progression of hearing loss and deterioration of the stereo-
ciliary hair bundles in Myo7a-deficient mice was accelerat-
ed by noise insults. Finally, transcriptomic analysis showed
that the absence of MYO7A in 1 month-old mice caused the
downregulation of a number of genes known to be essential
for mechanoelectrical transduction.

Conclusions: We found that MYO7A is required for main-
taining the functional integrity of the stereociliary hair bun-
dles, but it is not essential for setting the resting tension
on the mechanoelectrical transduction complex in mature
cochlear hair cells.

Funding: RNID (G94) to WM and CJK; BBSRC (BB/
T004991/1 and BB/S006257/1) to WM.

The hidden truth of hereditary hearing loss: gaining
insight into the genetic basis of non-syndromic mimics
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Introduction: The definition of a molecular diagnosis for
patients affected by hereditary hearing loss (HHL) is signifi-
cantly hampered by the extreme clinical and genetic hetero-
geneity that characterise the condition. In particular, peculiar
and understudied cases are those of non-syndromic mimics
(NSM), meaning patients with particularly mild forms of syn-
dromic HHL or initially presenting isolated deafness and de-
layed onset of other clinical signs.

Material and methods: In the last 18 months, a cohort of
73 apparently non-syndromic Italian HHL patients has been
enrolled in the study. All the individuals were negative at
GJB2 and STRC genetic tests and underwent whole-exome
sequencing, aiming to define a molecular diagnosis and even-
tually identify NSMs.

Results: A molecular diagnosis was provided for 36/73 pa-
tients (49.3%), and 12 of them could be classified as NSMs.
In detail, two groups of patients could be highlighted: (1)
patients presenting subtle additional signs that were missed
during the first clinical evaluation and (2) patients whose
molecular diagnosis suggests the future development of ad-
ditional clinical features. In Group 1, two patients were iden-
tified, and they carried pathogenic variants within the MITF
and GATA3 genes, which are associated with Waardenburg
and Barakat syndromes, respectively. As regards Group 2, ten
patients were detected, and the involved genes were CDH23
(one patient), USH2A (six patients) and ADGRV1 (three pa-
tients). Thus, these results suggest that Usher syndrome type
2 accounts for the vast majority of NSMs (75%). Moreover,
these considerations further confirm our previous findings
regarding the high prevalence of Usher syndrome type 2 car-
riers in the Italian population (1: 70).
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Conclusions: Identifying patients within Group 1 of NSMs
highlights the importance of a critical re-evaluation of the di-
agnostic criteria of each condition and provides crucial in-
sight into the clinical characteristics of very mild forms of
syndromic deafness. On the other hand, the clinical condi-
tion of Group 2 NSM patients will be evaluated by a multi-
disciplinary team in order to provide personalised follow-up
and specific preventive strategies.

The pharmacological action of Pimozide on vestibular
Type-I and Type-II hair cells

Cheli G., Giunta R., Russo G., Masetto S.

Department of Brain and Behavioral Sciences, University of Pavia,
Italy

Pimozide is a conventional antipsychotic of the diphenylb-
utylpiperidine class widely used for treating schizophrenia,
delusional disorders, and managing motor and phonic tics
in Tourette’s syndrome. Its primary mechanism of action in
the central nervous system is as a dopaminergic D2 recep-
tor antagonist. Additionally, Pimozide is known for blocking
various types of voltage-gated calcium and potassium chan-
nels. Among its side effects, dizziness and balance disorders
are the most observed.

This study delved into the effects of Pimozide on ionic cur-
rents in vestibular hair cells. Using the patch-clamp whole-cell
technique, we studied the effect of Pimozide at a concentra-
tion of 3 uM on the ionic currents expressed by chicken em-
bryo vestibular Type-I and Type-II hair cells, as well as on
mammalian Type-IT hair cells. Consistent with a previous re-
port on chicken embryo, Pimozide significantly increased the
delayed outward rectifying K+ current of Type-II hair cells
on mouse. In chicken embryo, the drug also notably reduced
the inward (anomalous) rectifying K+ current and the mixed
Na+/K+ (Ih) current.

In Type-I hair cells, Pimozide showed no significant effect on
IK,L, a large low-voltage activated outward rectifying K+ cur-
rent absent in Type-II cells, nor on the small delayed outward
rectifying K+ current. The latter result suggests that the de-
layed rectifying K+ current involves different channel subu-
nits in the two hair cell types. Additionally, Pimozide did not
alter the inward Na+ current expressed by Type-I hair cells.

In conclusion, these findings highlight that Pimozide selec-
tively impacts potassium channels in Type-II, but not Type-I,
hair cells. The drug acts as a delayed outward rectifying po-
tassium channel opener in Type-II cells, potentially leading
to a decrease in afferent signal transmission from these cells
to primary sensory neurons. While providing a possible ex-
planation for the vestibular side effects of Pimozide, the above
results also open up possibilities for its use in reducing altered
vestibular input in various vestibular disorders.
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Unraveling age-related cellular and molecular
mechanisms associated with vestibular sensory
epithelium and its prolonged resilience compared to
cochlear aging

Samadhi K., Huizhan L., Sarath V., Celia B.,, Mi Z., Li T.,
David H.

Department of Biomedical Science, Creighton School of Medicine,
Omaha, NE, USA

Aging of the inner ear contributes to age-related hearing loss
(ARHL) and vestibular dysfunction (ARVL). Many stud-
ies have examined the underlying mechanisms involved in
ARHL, while ARVL remains poorly understood. ARVL is the
gradual loss of bilateral vestibular function accompanied by
interruptions to visual and proprioceptive inputs, increasing
the risk of imbalance, geriatric dizziness, and injurious falls.
According to the National Institute of Health, age-related falls
account for 50% of all accidental deaths, and it is the 6th lead-
ing cause of death in the elderly, highlighting the urgency of
understanding the molecular basis to develop targeted ther-
apeutics. Evidence from human and animal studies indicates
age-related functional and morphological alterations in the
vestibular sensory epithelia with a slow pace of aging in con-
trast to the cochlea, suggesting distinctive age-related cellular
and molecular mechanisms between the two systems. Thus,
in the current study, we investigated the age-related cellular
and molecular alterations in the vestibular system particular-
ly focusing on how it differs from cochlear aging.

Our vestibular sensory evoked potential, auditory brainstem
response, and distortion product otoacoustic emissions and
the endolymphatic potential measurements revealed age-re-
lated vestibular and auditory functional decline and the dif-
ferent paces of aging of the two sensory systems in the same
mice. Morphological analysis using histology, super-resolu-
tion confocal-microscopy, and scanning electron microsco-
py revealed degeneration of stereocilia and alterations in hair
and supporting cell soma. Using single-cell RNA sequencing
of hair cells and supporting cells from the auditory and ves-
tibular sensory epithelia from adult and aging CBA/J mice,
we were able to identify shared and unique genes and molec-
ular processes associated with vestibular aging and the dis-
parity of aging trajectories of the two systems contributing
to differential onset of ARVL and ARHL.

Our findings delineated the relationship between the onset of
age-induced vestibular dysfunction and cellular and molec-
ular degeneration of the vestibular sensory epithelium, un-
covering novel insights into mechanisms governing vestibular
aging leading to ARVL. Moreover, the comparative analysis
between vestibular and cochlear aging revealed mechanism(s)
contributing to the delayed onset of vestibular aging, in con-
trast to cochlea. Our findings pave the way to developing se-
lective therapeutic interventions to prevent ARVL.
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Validation of a newly developed SPL Chirp for
intracochlear ECochG measurement

Walkowiak A.', Lorens A.', Polak M.%, Skarzynski PH.**

! Department of Implants and Auditory Perception, World
Hearing Center, Institute of Pathology and Physiology of
Hearing, Warsaw/Kajetany, Poland

? Med-El, Innsbruck, Austria

? Department of Teleaudiology; World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

* Institute of Sensory Organs, Kajetany, Poland

Introduction: Intracochlear electrocochleography (ECochG)
records electrical potentials generated in the inner ear in re-
sponse to acoustic stimuli. Previous studies have demon-
strated that ECochG recordings are related to the remaining
inner ear function. Recently intracochlear ECochG meas-
urement tool was applied during CI surgery to gain a better
understanding of the impact of the implant on the inner ear
function. For the stimulation, a newly developed SPL chirp
will be applied.

Aim: The aims of this study were to validate SPL chirp and
secondly, to perform real time intracochlear EcochG record-
ings during the electrode advancement and maneuvering dur-
ing the cochlear implantation

Material and methods: Ten patients implanted with the Flex
electrodes, with various degree of hearing preservation were
postoperatively tested for SPL chirps and tone bursts of 250,
500, 1000, 2000 and 4000 Hz. The recordings was performed
for each active electrode in alternating mode. The frequency
specific response amplitudes of tone bursts were compared
with those of SPL chirpl and SPL chirp2.

Results: In every subject we obtained response to tone bursts
and SPL chirp responses. Generally, SPL chirp frequency
specific amplitudes were equal or lower than those for tone
bursts obtained at the same stimuli level. The frequency spe-
cific amplitudes varied from more thanlpV (noise flor) to
about 100uV.

Conclusions: SPL chirps are useful stimuli to be used during
the intraoperative monitoring of hearing preservation coch-
lear implant surgery as a time-reduction paradigm compar-
ing to burst stimulation. Such stimuli may provide additional
information of cochlea specific information related to hear-
ing preservation.

Whole organ imaging of the mature and aged
mammalian vestibular system

Goettl-Meyer M., Perez-Guevara M., Pendyala P,
Caprara G.A,, Rennie K.J., Peng A.W.

University of Colorado Anschutz Medical Campus, Aurora, CO,
USA

Aging is associated with an increased risk of falling, which
is contributed to by diminished balance. However, the
precise anatomical changes occurring within the vestib-
ular system as it ages are debated. In this study, we used
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immunofluorescence, tissue clearing, and 2-photon microsco-
py to visualize the anatomical changes that occur as the ves-
tibular system ages. The entire temporal bone was dissected
and decalcified, instead of dissecting individual vestibular or-
gans, to minimize tissue damage and distortions during dis-
section. We compared tested multiple clearing methods, both
aqueous and solvent based methods to find which works best
for the vestibular organs and settled on using the ethyl cin-
namate method. These methods allow imaging of the entire
vestibular system sensory cells in their native orientations.
Using a combination of antibodies, we can label all hair cells
as well as the type IT hair cells. Using automated analyses, we
delineate the region of the sensory epithelia and automate the
counting and mapping of the locations of each cell. Using this
protocol, we quantify the number of hair cells in both mature
(1-2 months) and aged (36-40 months) epithelia to deter-
mine how hair cell numbers change with age. We also corre-
late these changes with vestibular function using vestibular
evoked potential recordings. This study lays the groundwork
for determining changes in the vestibular system with age to
determine the pathophysiological changes.

Zebrafish in vivo functional investigation of TBC1D24
linked with autosomal dominant hearing loss reveals
structural and functional defects of the inner ear

Sarosiak A.', Jedrychowska J.2, Ozigblo D.!, Gan N."?,
Baldyga N.%, Leja M.L.", Wegierski T.?, Cruz LAY,
Raible4D.W.**, Skarzynski H.°, Tylzanowski P.”%, Korzh V.2,
Otdak M."*

! Department of Genetics, World Hearing Center, Institute of
Physiology and Pathology of Hearing, Warsaw/Kajetany, Poland

2 International Institute of Molecular and Cell Biology in Warsaw;,
Poland

? Doctoral School of Translational Medicine, Medical Centre of
Postgraduate Education, Warsaw, Poland

* Department of Biological Structure, University of Washington
School of Medicine, Seattle, USA

* Department of Otolaryngology-HNS, University of Washington
School of Medicine, Seattle, USA

¢ Oto-Rhino-Laryngology Surgery Clinic, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw4ajetany, Poland

7 Laboratory of Molecular Genetics, Medical University of Lublin,
Poland

# Skeletal Biology and Engineering Research Center, Department
of Development and Regeneration, KU Leuven, Belgium

¢ Department of Histology and Embryology, Medical University of
Warsaw, Poland

TBC1D24 genetic variants are causally involved in the devel-
opment of both autosomal recessive hearing loss and epilepsy
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syndromes, and autosomal dominant hearing loss (ADHL).
So far, our group published four novel ADHL-causative
TBC1D24 probably pathogenic variants by performing high-
throughput genetic testing in families with ADHL, and more
variants are yet to be revealed. In the light of current dis-
coveries, variants in TBC1D24 emerge as a more significant
cause of ADHL.

The molecular mechanism behind the TBC1D24-associated
ADHL is unknown. Using a zebrafish model, we investigat-
ed involvement of TBC1D24 in hearing and the function-
al effects of the associated ADHL-causing genetic variants.
Different methodological approaches were used in the study,
including (i) expression studies by whole mount in situ hy-
bridization (WISH), qPCR on different developmental stag-
es and cryosections, (ii) assessment of the zebrafish ear and
neuromast hair cell morphology by high-resolution imaging
and (iii) behavioral studies in a developed tbc1d24-deficient
zebrafish models (by knock-down or knock-out of tbc1d24)
and in overexpression and rescue tbc1d24 models.

We show that the morpholino-mediated knockdown of
Tbc1d24 resulted in defective ear kinocilia structure and re-
duced locomotor activity of the embryos. The observed phe-
notypes were rescued by a wild-type TBC1D24 mRNA but
not by a mutant mRNA carrying the ADHL-causing var-
iant ¢.553G>A (p.Aspl85Asn), supporting its pathogen-
ic potential. CRISPR-Cas9-mediated knockout of tbc1d24
led to mechanosensory deficiency of lateral line neuromasts.
Overexpression of TBC1D24 mRNA resulted in developmental
abnormalities associated with ciliary dysfunction and mesen-
dodermal mispatterning. We observed that the ADHL-causing
TBCID24 variants: ¢.553G>A (p.Aspl85Asn); c.1460A>T
(p-His487Leu), c.1461C>G (p.His487Gln) or a novel vari-
ant c.905T>G (p.Leu302Arg) alleviated the effect of overex-
pression, indicating that these variants disrupt the TBC1D24
function. Furthermore, the zebrafish phenotypes correspond
to the severity of ADHL. Specific changes in ear structures
upon TBC1D24 overexpression further highlighted its tissue-
specific role in ciliary function and inner ear development.

Our findings provide functional evidence for the pathogen-
ic potential of the ADHL-causing TBCI1D24 variants and
lead to new insights into the function of TBC1D24 in cil-
ia morphogenesis.

Grant: 2016/22/E/NZ5/00470 National Science Centre,
Poland.
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AAV-regulated Serpine2 overexpression promotes hair
cell regeneration

Sun Q.!, Zhou Y.}, Tan E!, Gu X.', Li N, Zhang Z.!, Lu Y.!,
Wang M.!, Zhang L., Tong B.2, Qi J."**, Chai R."*¢
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First Affiliated Hospital of Anhui Medical University, Hefei,
China
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Inner ear hair cell (HC) damage is irreversible in mammals,
but is has been shown that supporting cells (SCs) have the
potential to differentiate into HCs. Serpine2, a serine pro-
tease inhibitor, encodes protease nexin 1, and this has been
suggested to be a factor that promotes HC regeneration. In
this study, we overexpressed Serpine2 in inner ear SCs cul-
tured in two- and three-dimensional(2D and 3D) systems
using the Adeno-associated virus-inner ear (AAV-ie) vector,
which promoted organoid expansion and HC differentiation.
Overexpression of Serpine2 in the mouse cochlea through
the round window membrane (RWM) injection promoted
SC proliferation and HC regeneration, and the regenerated
HCs were found to be derived from Lgr5+ SCs. In conclusion,
our findings indicate that Serpine2 overexpression promotes
HC regeneration and suggest that the utilization of inner ear
progenitor cells in combination with AAV's might be a prom-
ising therapeutic target for hearing restoration.

Accuracy and consistency of ChatGPT responses to
questions related to physiology of hearing

edrzejczak WW.', Skarzynski H.?, Kochanek K.?

! Department of Experimental Audiology, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

? Oto-Rhino-Laryngology Surgery Clinic, World Hearing
Center, Institute of Physiology and Pathology of Hearing,
Warsaw/Kajetany, Poland

7 World Hearing Center, Institute of Physiology and Pathology of
Hearing, Warsaw/Kajetany; Poland

Introduction: ChatGPT has been tested in many disciplines,
but only a few studies have involved hearing diagnosis, and
none have focused on hearing physiology. The consistency of
the chatbot’s responses to the same questions posed multiple
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times has not been well investigated either. This study aimed
to assess the accuracy and repeatability of ChatGPT 3.5 and
4 on test questions related to otoacoustic emissions and au-
ditory brainstem responses. Of particular interest was the
short-term repeatability of responses, which was tested over
four separate days within one week.

Material and methods: The questions which focused on
hearing physiology were posed five times to both ChatGPT
3.5 and ChatGPT 4 on each of four days (two days in one
week and two days in the following week). The accuracy and
the repeatability of the responses over time were evaluated.

Results: The overall accuracy of ChatGPT 3.5 was 48-49%,
while that of ChatGPT 4 was 65-69%. ChatGPT 3.5 consist-
ently failed to pass the threshold of 50% correct responses.
Within a single day, the percent agreement was 76-79% for
ChatGPT 3.5 and 87-88% for ChatGPT 4. The percent agree-
ment between responses from different days was 75-79% for
ChatGPT 3.5 and 85-88% for ChatGPT 4.

Conclusions: ChatGPT 4 outperforms ChatGPT 3.5 both in
accuracy and repeatability over time. However, the signifi-
cant variability in responses raises doubts about the poten-
tial professional applications of both versions.

Characterizing hair bundle maturation in the mouse
utricle during embryonic and postnatal development

Wang T., Mahmoudi A., He J., Mohit N., Griffen K., Xu K.,
Cheng A.G.

Department of Otolaryngology — Head and Neck Surgery;
Stanford School of Medicine, Stanford, CA, USA

Sensory hair cells are mechanoreceptors required for hearing
and balance functions. Stereociliary bundles play a critical
role in mechanoelectrical transduction (MET), many pri-
or studies examining developing and regenerated hair cells
have assessed bundle morphology to determine cell maturity.
However, only few studies have systematically assessed hair
bundle dimensions during embryonic and postnatal devel-
opment. In this study, utricles were collected from embry-
onic (E) 13.5, 15.5, E18.5, postnatal day (P) 0, P37 and P180
wild type mice, and immunostained with the kinocilia mark-
er a-Tubulin and stereocilia marker phalloidin. From 3D re-
constructed images of hair cells, kinocilia height, tallest and
shortest cilia, and volume were measured. At E13.5, height
of kinocilia, tallest and shortest cilia were relatively uniform.
Starting at E15.5, wide distributions of hair bundle and kin-
ocilia heights were observed, possibly because of maturing
kinocilia and bundles in older hair cells and the emergence
of hair bundles and kinocilia in new hair cells in late embry-
onic and early postnatal periods. Some longer kinocilia ap-
peared curled or bent. Short bundles were still observed in
adult mouse utricle. Expression of the actin-crosslinking pro-
tein FSCN2 was also examined to characterize the maturity
of hair bundles. FSCN2 was absent at E13.5 and E15.5, be-
came detectable in most hair bundles by E18.5 and PO, but
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some short bundles still lacked FSCN2 even at 6 months.
To mark newly born hair cells, we fate-mapped supporting
cells in Plp1CreERT/+; Rosa26RtdTomato/+ mice by treat-
ing them with tamoxifen at P3. At 1, 2 and 6 months, most
bundles of traced hair cells still appeared relatively shorter
than untraced ones, and continue to display short, curled or
bent kinocilia, resembling those in the early embryonic stag-
es. By 6 months, bundles of only 46% of traced hair cells ex-
pressed FSCN2, compared to 97% of the untraced hair cells.
Together, our data indicate that hair cells in the embryon-
ic utricle display short kinocilia and stereocilia that elongate
over time. Newly added hair cells display short bundle and
kinocilia that resemble those during embryonic periods, with
some remain detectable in the adult utricle.

Comparing the protective effect of antioxidant and anti-
inflammatory drugs, anakinra and rosmarinic acid,
against styrene-induced ototoxicity

Hassler B.!, Pisani A.!, Montuoro R.2, Mohamed-Hizam V.2,
Paciello E?, Fetoni A.R.!

! Unit of Audiology; Department of Neuroscience, University of
Naples Federico II, Naples, Italy

? Department of Head and Neck Surgery, Universita Cattolica del
Sacro Cuore, Rome, Italy

? Department of Neuroscience, Universita Cattolica del Sacro
Cuore, Rome, Italy

Among various solvents used in industries, the aromatic hy-
drocarbon styrene is strongly associated with ototoxic effects
in workers. Our research group previously demonstrated that
the primary ototoxic effect of styrene is mediated by the in-
terplay between oxidative stress and inflammation. Indeed,
as reactive oxygen species accumulate, the cochlea’s natural
antioxidant defenses become inadequate, leading to oxida-
tive status imbalance and enhanced inflammatory markers,
responsible for hair cell death and hearing loss. Nowadays
effective therapeutic interventions for styrene-induced oto-
toxicity are still lacking. In this study, we compared the pro-
tective effects of an antioxidant molecule, rosmarinic acid
(RA), and an anti-inflammatory agent, anakinra (Ana), an
antagonist of the IL-1p receptor, to evaluate their potential
as novel pharmacological treatments against styrene-induced
ototoxicity. To this aim, adult male Wistar rats were exposed
to styrene (400 mg/kg) by gavage for 3 weeks, 5 consecutive
days/week. Before each styrene administration, a subgroup
of animals was treated with RA at a dosage of 10 mg/kg in-
traperitoneally injected, whereas a second subgroup received
a dosage of 40 mg/kg of Ana by intramuscular injection. To
assess the efficacy of the two different treatments, we per-
formed the auditory brainstem responses (ABRs) at 7, 14,
and 21 days after styrene and antioxidant or anti-inflamma-
tory treatment onset. Our results showed a protective effect
of both RA and Ana against styrene-induced cochlear dam-
age, with a significant decrease in hearing thresholds in treat-
ed animals, compared to styrene-exposed animals. At the end
of treatment, we conducted immunofluorescence and mo-
lecular biology analyses on cochlear specimens to evaluate
changes in molecular markers linked to oxidative stress and
inflammation, thus assessing the treatment efficacy. We ob-
served a decrease of oxidative stress markers, as well as of in-
flammatory agents, indicating that both the antioxidant and
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the anti-inflammatory treatment can potentiate endogenous
responses counteracting oxidative stress and inflammation,
thus reducing hearing loss. Collectively, our data show that
the treatment with an antioxidant or an anti-inflammato-
ry drug can be effective against styrene-induced ototoxicity,
with potential clinical applications to prevent worker health
and reduce hearing loss.

Computational model of the peripheral auditory system:
ion channel distribution in inner hair cell synapses

Tichacek O., Jungwirth P.

Institute of Organic Chemistry and Biochemistry, Czech Academy
of Sciences, Praha, Czechia

This poster presents a comprehensive computational mod-
el of the mammalian peripheral auditory system, encom-
passing the outer and middle ears, cochlea, and auditory
nerve. While the model integrates various physiological as-
pects across the entire auditory system, this study primarily
examines the distribution of CaV1.3 channels in inner hair
cell ribbon synapses and their impact on synaptic behavior.
The model’s holistic approach allows for the examination of
individual hearing components and their interactions, pro-
viding valuable insights into normal hearing processes and
the impacts of various defects. These findings have potential
applications in studying hearing impairments and develop-
ing auditory prosthetics. Our simulations show that differ-
ent spatial distributions of CaV1.3 channels result in varying
spontaneous rates, thresholds, and sensitivities of the ribbon
synapse, thereby affecting auditory signal processing. At low
stimulus levels, single CaV1.3 channel openings significant-
ly contribute to vesicle release events, highlighting nanodo-
main control. As stimulus levels increase, vesicle releases
are predominantly influenced by multiple channels, indicat-
ing a shift towards microdomain control. This dual mecha-
nism ensures high sensitivity and a wide dynamic range of
the ribbon synapse.

Diagnostic genome sequencing improves diagnostic
yield in a single center study of 100 patients with
non-syndromic and syndromic hearing impairment

Dahl Rendtorft N.!, Tranebjaerg L."?, Bertelsen M.!

! The Kennedy Centre, Department of Clinical Genetics,
Rigshospitalet, Copenhagen, Denmark

2 Institute of Clinical Medicine, The Panum Institute, University of
Copenhagen, Denmark

Introduction: Hearing impairment (HI) is a common senso-
ry disorder, which is genetically heterogeneous. Identification
of causative variants underlying HI is challenging, since >100
genes for non-syndromic HI and >450 genes for syndromic
HI have been reported.

Material and methods: In this study, 100 index patients with
HI and variable additional clinical features underwent whole
genome sequencing (WGS) in clinical settings. The samples
were analyzed using virtual gene-panels of 174 (76% of pa-
tients) or 500 genes, respectively, for patients suspected of
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having non-syndromic and syndromic HI. Nine patients
had prior to WGS been prescreened for DFNBI, SLC26A4-
and/or STRC-related HI and six using gene-panels for HI.

Results: A definite genetic diagnosis was made in 42/100 pa-
tients, distributed in 25 different genes. In total, 45 different
likely pathogenic/pathogenic variants were detected, and 14
variants were novel. In addition, six patients had variants
of uncertain significance (VUS) identified, where further
work-up was recommended, which might change the clas-
sification to likely pathogenic. Finally, in an additional ten
patients only one pathogenic variant was identified, so far.
Variants in rare/recently identified genes causative of HI in-
cluded PLSI and ATOH1.

Conclusions: WGS allowed detection of a definite or possible
genetic diagnosis in ~48% of 100 cases (~53% excluding pa-
tients with unilateral HI and patients prescreened with pre-
vious NGS HI panel). Causative variants were found in >25
different genes, including both common and rare/recently
identified HI genes, emphasizing the genetic heterogeneity
of the condition. In non-solved selected families, the data
will be re-analyzed with improved methods.

Differences in petrosal bone marrow distribution
between rat and mouse

Cossellu D., Vivado E., Pizzala R., Perin P.
University of Pavia, Italy

Using tissue clearing and immunofluorescence, we have re-
cently characterized the adult rat temporal bone marrow
distribution, and in particular the distribution and connec-
tions to the inner ear of petrosal bone marrow (doi: 10.3389/
fneur.2024.1386654). Bone marrow was identified by its high
cellular content and by the presence of cell populations be-
longing to the hemopoietic niche (e.g. megakaryocytes, see
companion abstract from our group). In the cleared rat pet-
rosal bone, autofluorescence allowed delineation of the otic
capsule. The largest marrow island was found outside of the
otic capsule, surrounding semicircular canal arms, and con-
necting to the dura through bone channels similar to those
of calvarial bone, with only a few channels directed towards
the bony labyrinth. Unexpectedly, bone marrow was also ob-
served within the otic capsule endochondral layer, forming
small clusters associated to the vestibule (VEM) and cochle-
ar apex (CAEM). Endochondral bone marrow was connected
through vascular loops to the labyrinth, and through straight
channels to dural sinuses. The latter also received vascular
connection from marrow located in surrounding bones, sug-
gesting a role as immune barrier restricting pathogen spread
from ear to brain. In mouse, petrosal bone marrow distribu-
tion was overall similar to the rat but displayed a few differ-
ences. The most evident difference was the volume ratio of
CAEM over total petrosal bone marrow (23 + 1% in mouse,
n=2;2+1% in rat, n=_8; p < 10E-8). Moreover, CAEM and
VEM were connected by vascular bridges in mouse but not
in rat. Given the importance of local bone marrow in the im-
mune reactions of brain (doi: 10.1111/imr.13120) and mid-
dle ear (doi: 10.3389/fgene.2022.985214), this difference in
CAEM volume and connectivity calls for attention in choos-
ing a model for human inner ear immune reactions.
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Disrupted GRHL?2 transcriptional activity as a
mechanism of autosomal dominant hearing loss
development (DFNA28)
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Introduction: GRHL2 is one from over 50 genes causative of
autosomal dominant hearing loss (ADHL); it is also implicat-
ed in other disorders, including cancers. GRHL2 encodes a
transcription factor but up to now only a handful of ADHL-
related GRHL2 pathogenic variants have been reported. Their
mode of action leading to ADHL development remains un-
known. The aim of the study was to identify the genetic ba-
sis of ADHL in a multigeneration family with postlingual,
progressive HL and to gain insight into the molecular mech-
anism of the ADHL-related (DFNA28) GRHL2 mutations.

Material and methods: Genomic DNA was isolated from
the peripheral blood samples of the proband and other fam-
ily members (n =8). Next-generation sequencing was per-
formed using a multi-gene panel with 237 HL-related genes.
Segregation analysis of the selected GRHL2 variant with HL
in the family was performed by Sanger sequencing. For four
different ADHL-related GRHL2 variants expression vectors
were prepared and luciferase reporter gene assay was con-
ducted in HEK293T cells.

Results: In the family a novel heterozygous GRHL2 variant
(NM_024915.4: ¢.1061C>T; NP_079191.2: p.(Ala354Val))
segregating with HL was identified. It localizes in the region
corresponding to the DNA binding domain. The functional
effect of the variant as well as of the other two GRHL2 vari-
ants located in the DNA-binding domain (i.e. ¢.1258-1G>A,
p-(Gly420Glufs*111) and ¢.1276C>T, p.(Arg426*)) was a re-
duction in GRHL2 transcriptional activity. In contrast, the
¢.1609-1610insC (p.(Arg537Profs*11)) variant affecting the
DNA dimerization domain of the GRHL2 protein acted in
a different way leading to a strong activation of the GRHL-
responsive promoter.

Conclusions: Our data show that only truncating GRHL2
mutations can cause ADHL. The pathogenicity of the nov-
el missense ADHL-related GRHL2 variant was strengthened
by the results of functional assays. GRHL2 mutations caus-
ing ADHL demonstrated both suppression and activation of
GRHL2 transcriptional activity and the effect seems to de-
pend on where the variant is located. While the variants lo-
cated in the DNA-binding domain showed haploinsufficiency,
the variant located in the DNA dimerization domain present-
ed a gain of function effect. Our study sheds new light on
the mechanism of GRHL2 mutations leading to hearing loss.

Grant: 2016/22/E/NZ5/00470 National Science Centre,
Poland.
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Early transtympanic administration of rhBDNF exerts
a multifaceted neuroprotective effect against cisplatin-
-induced hearing loss

Mohamed Hizam V.!, Pisani A.% Rolesi R.3, Montuoro R.},
Brandolini L.%, Aramini A.** Allegretti M.%, Paciello E?,
Fetoni A.E?

! Department of Head and Neck Surgery, Universita Cattolica del
Sacro Cuore, Rome, Italy

2 Department of Neuroscience, Unit of Audiology, University of
Naples Federico II, Naples, Italy

? Department of Head and Neck Surgery; Universita Cattolica del
Sacro Cuore, Rome, Italy

* R&D, Dompé Farmaceutici S.p.A., LAquila, Italy

* Department of Neuroscience, Universita Cattolica del Sacro
Cuore, Rome, Italy

Cisplatin-induced sensorineural hearing loss is a significant
clinical challenge and, currently, only one drug has been ap-
proved by Food and Drug Administration as an effective treat-
ment. Thus, several efforts are needed to better understand
cisplatin mechanism of damage and to explore new therapeu-
tic strategies. Although the potential effects of brain-derived
neurotrophic factor (BDNF) have previously been investigat-
ed in some ototoxicity models, its efficacy in cisplatin-induced
hearing loss remains uncertain. This study aimed to investi-
gate the therapeutic potential of recombinant human BDNF
(rhBDNF) local delivery in counteracting cochlear damage
in an in in vivo model of cisplatin-induced ototoxicity. Thus,
adult Wistar rats were treated with cisplatin (12 mg/kg, in-
traperitoneally injected) and after one hour, they received
5 mg/kg of ThBDNF suspended in a thermogel by a tran-
stympanic injection. Auditory brainstem responses were re-
corded to evaluate hearing function at 1, 3 and 7 days after
treatment. Seven days after cisplatin treatment, we collected
cochlear samples to perform, morphological, immunofluo-
rescence, and molecular analyses to investigate the molecular
mechanisms underlying the beneficial effects of our rhBDNF
formulation. Our data showed that rhBDNF mitigates hearing
loss in cisplatin-exposed rats by preserving synaptic connec-
tions in the cochlear epithelium and reducing hair cell and
spiral ganglion neuron death. rhBDNF maintains the balance
of its receptor levels (pTrkB and p75), boosting TrkB-CREB
pro-survival signalling and reducing caspase 3-dependent
apoptosis in the cochlea. Additionally, it activates antioxi-
dant mechanisms while inhibiting inflammation and promot-
ing vascular repair. Overall, our study demonstrates that the
early transtympanic treatment with rhBDNF plays a multi-
faceted protective role against cisplatin-induced ototoxicity,
thus holding promise as a novel potential approach to pre-
serve hearing in adult and pediatric patients undergoing
cisplatin-based chemotherapy.
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Electrical and cytotoxical examination of electrospun
PVDE-TrFE fiber mats

Braemer V.!, Lenarz T.!, Drexler J.2, Bode T.2, Paasche G.!

! Hannover Medical School, Department of Otorhinolaryngology,
Hannover, Germany

2 Hannover Leibniz University, Department of Multiphase
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Implantation of cochlear implants (CI) triggers various biolog-
ical reactions in the patient’s cochlea. Being unable to remove
the foreign structure by itself, the body insulates the implant
by surrounding it with connective tissue. Modification of the
CI electrodes surfaces is one way to reduce the adhesion of
connective tissue. Electrospinning is an electrohydrodynamic
process used to generate thin mats. These fine micro networks
can be used to alter the surface of CI electrodes. In this study,
fiber meshes consisting of the hydrophobic poly(vinylidene
fluoride-trifluoroethylene) (PVDEF-TrFE) were used to in-
vestigate their contribution to electric conductivity and their
cytotoxic potential for fibroblasts. The fiber mesh was cut
into @ 14 mm circular samples. Conventional SEM-holders
were used as sample holders for the electrical measurements.
Using a self-constructed chamber with four identical meas-
uring cells, the increase in impedance due to the additional
layer of fibers was investigated. In addition, cytotoxicity as-
says with rectangular samples as described in ISO 10993-12
were performed. For further investigations, model electrodes
out of platinum-iridium wire were manufactured such that
their surface area resembles that of CI electrodes. These mod-
els were embedded in silicone (Sylgard 184) and electrically
analysed to test different wettability methods. Measured im-
pedances for the fiber mesh samples show a mean increase in
impedances of 225.99 + 107.09 Q) compared to the reference
samples. The only constraint in biocompatibility was found
with 100% extraction solution (69 + 4.88% cell viability). The
mean surface area of the model electrodes was 0.386 +0.024
mm2 with impedances of about 1 kQ (1024.19 £ 107.61 Q).
Cytotoxic and electric characterisation of PVDF-TrFE elec-
trospun fiber meshes was successfully performed. Reliable
model electrodes were manufactured and can be used in fur-
ther investigations regarding the influence of the fiber mats
on the impedance of CI electrodes. Additionally, cell prolif-
eration behaviour on the fiber mats will be investigated to
refine the cytotoxic influence.

Elucidating the molecular diversity of the non-human
primate cochlea

Che Y.W.2, Chen X."?, Chai R.}?

! School of Life science and Téchnology, Southeast University,
Nanjing, China

2 Advanced Institute for Life and Health, Southeast University,
Nanjing, China

Unraveling the intricate composition and function of the
cochlea is paramount to comprehending the mechanisms
underlying sound perception and the pathogenesis of au-
ditory disorders. The mammalian cochlea displays a high-
ly organized structure, which contributes to the diversity
and complexity of auditory processing. However, the cellular
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intricacies in non-human primates remain largely unexplored.
In the present study, we employed high throughput transcrip-
tomic sequencing to profile over 11,280 nuclei across virtu-
ally all cochlear cell types in both juvenile and adult Macaca
fascicularis at single-cell resolution. Our analysis unveiled
remarkable heterogeneity both across and within cell types.
Despite a largely conserved cellular composition of the coch-
lea, glial cells exhibited substantial species-specific diversity,
while hair cells and spiral ganglion neurons with specialized
transcriptional programs were well mapped onto their mu-
rine counterparts, underscoring the similarities that persist
despite evolutionary divergence. Furthermore, we constructed
a disease map associated with hearing loss, establishing this
transcriptomic atlas of the macaque cochlea as an indispen-
sable resource for future investigations in both human and
non-human primates.

Enhanced spiral ganglion neuron transduction for
neurotrophin gene therapy with novel capsid-engineered
AAV vector

Marx 1., Huang P, Sutter S., Ertelt M.**, Kaiser O.5,
Harre J.% Bon Nieves A.% Schott J.!, Macdonald J.},

Rossi A.', Warnecke A.°, Schoeder C.T.*°, Schambach A.'7,
Staecker H.?*, Biining H.™*

* Equal contribution.

! Institute of Experimental Hematology, Hannover Medical School,
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University of Kansas School of Medicine, Kansas City, MO, USA

? Institute of Virology, University of Zurich, Switzerland

# Institute for Drug Discovery, University Leipzig Medical Faculty;
Leipzig, Germany
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¢ Department of Otolaryngology, Hannover Medical School,
Hannover, Germany

7 Division of Hematology/Oncology; Boston Children’s Hospital,
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Hearing loss (HL) affects over 460 million people world-
wide, significantly affecting quality of life. Genetic analysis
has identified more than 150 causative monogenic genes for
non-syndromic sensorineural hearing loss, presenting attrac-
tive targets for gene therapy interventions. These approach-
es also have the potential to enhance conventional treatment
strategies. Particularly interesting in this regard are cochle-
ar implants (CI), used for severe to profound HL. However,
their efficacy is believed to depend on spiral ganglion neu-
ron (SGN) survival. Recognizing the potential of neurotro-
phins to enhance SGN survival and improve CI outcomes,
we here report on the development of a novel adeno-associat-
ed virus (AAV) vector optimized for transducing SGN, even
in adult mice and at low vector doses. For this purpose, the
capsid was engineered to display a heptamer peptide, which
was previously derived from a phage library screen.

Structure-focused modeling of our novel vector Var9 indi-
cated a clear change in cell attachment receptor binding due
to peptide insertion compared to its parental serotype AAV2.
Predictions were confirmed using affinity chromatography and
competition assays. Interestingly, Var9 demonstrated faster
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transgene expression in HEI-OCI cells, a murine otic pro-
genitor cell line, despite significantly lower entry efficiency,
indicating enhanced intracellular processing of the vector.
Subsequent IF-FISH analysis at single-cell level as well as our
indirect uncoating assay revealed that Var9 vectors clearly
outperform AAV?2 vectors regarding kinetics and level of un-
coating (3-fold), i.e. release of their genome from the capsid,
a prerequisite for transgene transcription. Finally, in a neuro-
trophic gene therapy approach, Var9 effectively prevented SGN
degeneration by overexpressing BDNF in SGN of deafened
mice. Histological analysis of the cochlea revealed remarka-
ble protective effects of SGN comparable to untreated control
levels in all cochlear turns of mice treated with Var9-BDNE.

In conclusion, our novel AAV vector demonstrated superior
properties crucial for efficient SGN transduction and will be
further refined for clinical applications, aiming to enhance
neural survival and improve outcomes for cochlear gene ther-
apy in CI recipients.

Exploring the link between noise-induced trauma and
peripheral inflammation

De Backer E."%, Verdoodt D."3, Aben E'4, Sels L."3,
Szewczyk K., Zanoletti L.°, Ponsaerts P?, Van Rompaey V.'%,
Pasciuto E.°

! Resonant labs Antwerp, Department of Translational
Neurosciences, Faculty of Medicine and Health Sciences,
University of Antwerp, Belgium

2 Department of Otorhinolaryngology and Head & Neck Surgery,
Antwerp University Hospital, Antwerp, Belgium

? Laboratory of Experimental Hematology, Vaccine and Infectious
Disease Institute (Vaxinfectio), University of Antwerp, Belgium

* Department of Otorhinolaryngology; Hearing and Genes,
Radboud University Medical Center, Nijmegen, The Netherlands

* Laboratory of Neuroimmunology, VIB-Center for Molecular
Neurology (CMN), Antwerp, Belgium

Traditionally, the cochlea has been considered as an immu-
nological privileged site, as the blood-labyrinth barrier pro-
vides isolation from the systemic immune system. However,
the presence of immune cells in the cochlea has been recently
reported, suggesting that immune-mediated processes can play
a crucial role within the auditory system. In this context, both
protective and detrimental T-cell functions have been linked
to normal hearing and hearing loss, respectively, thereby em-
phasizing the dual role of T cells in cochlear health. Current
knowledge also suggests that a balanced presence and activ-
ity of T cells is crucial for tissue homeostasis in the cochlea,
avoiding pathologies such as age-related hearing loss and au-
toimmune inner ear diseases. Although cochlea-resident T
cells are scarce under physiological conditions, the number of
T cells appear to rise in response to acoustic trauma reveal-
ing the active recruitment of peripheral immune cells through
cochlear blood vessels. In order to evaluate the induction of a
peripheral inflammatory response upon noise trauma, we ex-
posed mice to excessive noise (115 dB) for two hours. Hearing
levels were determined 72 h and 1 week after noise-exposure,
which revealed a substantial increase in hearing thresholds in
all mice. To evaluate if the auditory stimulation would trigger
a peripheral immune response we isolated splenocytes and
analyzed cytokine production in different immune subsets
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by high parametric flow cytometry. The analyses revealed in-
creased activation of both CD4+ and CD8+ T cells, illustrat-
ed by significant increases in the expression of INF-y, TNF
and CD44. These data suggest a peripheral component in the
elevated inflammatory response following acoustic trauma.
Future research will be performed to explore the link between
noise-induced hearing loss, peripheral inflammation and more
specifically antigen-specificity of the observed increase in ac-
tivated CD4+ and CD8+ T-cell populations.

Expression of P2X2, P2X4, and adenosine A1 receptors
in sheep and human cochlea: a translational study

Han S."?, Vlajkovic S.M."?, Thorne P.R."?, Suzuki-Kerr H."?

! Department of Physiology, School of Medical Sciences, the
University of Auckland, New Zealand

? Eisdell Moore Centre, the University of Auckland, New Zealand

? Section of Audiology, School of Population Health, University of
Auckland, New Zealand

Purinergic receptors have been identified in virtually all
mammalian tissues to regulate fundamental cellular pro-
cesses, leading to increased focus on its therapeutic poten-
tial. In rodent cochlea, purinergic receptors (P2X1,2,3,4,6,7,
P2Y1,2,4,6,12, adenosine Al, A2A, A3) have been identified
to play roles in cochlear (patho)physiology. However, previ-
ous findings from rodent models have yet to be translated
into other mammalian species. Our earlier screening showed
that several purinergic receptor subtypes are also expressed in
sheep and human cochlea. The aim of this study is to charac-
terize in detail the immunolabelling of P2X2, P2X4, and aden-
osine A1 receptors (P2X2R, P2X4R, adenosine A1R) in the
sheep and human cochlea to contribute to understanding the
potential functional roles played cochlear (patho)physiology.

Fixed, decalcified adult New Zealand Romney sheep temporal
bones and celloidin-embedded adult human temporal bone
sections were used for immunohistochemistry. Sub-type spe-
cific rabbit polyclonal antibodies raised against P2X2, P2X4,
and adenosine A1 receptors were used with cellular markers.
Super-resolution confocal imaging (Zeiss LSM800 Airyscan)
was used for data acquisition.

P2X2R immunolabelling was present in outer hair cells
(OHC:s), inner hair cells (IHC), Deiters cells, outer sulcus
cells, basal cells of the stria vascularis, and the Reissner’s
membrane in sheep cochleae. At high resolution, strong im-
munolabelling was observed along the reticular laminar.
Strong immunolabelling was also observed in the stereocil-
ia and within the cuticular plates. P2X4R immunolabelling
was present in OHCs and IHC, and the Reissner’s membrane
sheep cochleae. However, P2X4R immunolabelling was pre-
dominantly localized to the cytoplasm of OHCs. Adenosine
AIR immunolabelling was predominantly localized to the
IHC and Deiter’s cells in sheep cochleae. Comparative data
for P2X2R, P2X4R, and adenosine A1R immunolabelling in
adult human cochleae with no known history of hearing im-
pairment will also be presented.

Our results show that the expression patterns of P2X2R,
P2X4R, and adenosine A1R appear comparatively conserved
across mammalian species. A future study will be conducted
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to test the inferred functional role of P2X2R, P2X4R, and
adenosine A1R in adult sheep models. Furthermore, our re-
sults support the potential for purinergic signaling as a tar-
get for future pharmacological-based interventions aimed at
mitigating hearing loss.

GelMA promotes inner ear organoidogenesis by
regulating Mmp-mediated extracellular matrix
remodeling

LiN.!, Zhang Z.', Zhang L.!, Wu D.}, Li Z.2, Xu C**5, Sun Q.},
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University of Electronic Science and Technology of China,
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# Sichuan Provincial Key Laboratory for Human Disease Gene
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Permanent damage and loss of inner ear hair cells due to ge-
netic mutations or external factors such as drugs and noise are
the main causes of irreversible hearing loss. Inner ear orga-
noids can provide an in vitro model for studying the underly-
ing mechanisms of injury and for developing new therapeutic
approaches. However, there is lack of protocols for the rap-
id and efficient establishment of inner ear organoids. In this
study, we established a novel method for creating inner ear
organoids using a synthetic GelMA hydrogel culture system
to promote the spontaneous aggregation and assembly of in-
ner ear stem cells in order to rapidly form organoids, and we
found that the extracellular matrix undergoes extensive and
rapid remodeling during self-assembly. The expression and
activity of the Mmp family of extracellular matrix degrada-
tion enzymes, especially matrix metalloproteinase 9 (Mmp9),
were increased in inner ear organoids in the hydrogel cul-
ture system, and inhibition of Mmps significantly inhibited
the formation of inner ear organoids. Our study is the first
to combine analysis of the extracellular matrix with inner ear
organogenesis and provides a rapid and efficient method to
model inner ear organoids.
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Genetic analysis reveals novel variants in a cohort of
patients affected by sensorineural hearing loss and
enlarged vestibular aqueduct (EVA)
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University; Salzburg, Austria
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Biallelic pathogenic variants in the SLC26A4 gene, coding
for the anion exchanger pendrin, are responsible for Pendred
syndrome and nonsyndromic recessive hearing loss DFNB4.
Both are associated with an enlarged vestibular aqueduct
(EVA), the most common malformation of the inner ear.
We recruited the first Austrian cohort of patients with hear-
ing loss and EVA to define the prevalence of pathogenic var-
iants in SLC26A4 and discover novel EVA-associated genes.

The coding region and intron-exon boundaries of known
EVA genes were amplified by PCR and Sanger sequenced.
The presence of the Caucasian EVA (CEVA) haplotype was
determined with the rhAmp® SNP Assays (IDT). Copy num-
ber variation (CNV) in the SLC26A4 and STRC genes was
assessed using a TagMan™ Assay on QuantStudio3D. For
undiagnosed patients, whole exome sequencing (WES) was
performed. The pathogenicity of novel SLC26A4 and TJP2
variants was evaluated by functional and molecular assays.

Biallelic pathogenic variants in SLC26A4 were detected in
5/33 patients. Based on the perchlorate discharge test, one had
Pendred syndrome. Monoallelic variants in SLC26A4 were
detected in 5/33 patients. Two were benign based on func-
tional and molecular tests. The CEVA haplotype was found
in 6 patients, 3 carried monoallelic pathogenic SLC26A4 var-
iants, 2 carried biallelic pathogenic variants, and one carried
a monoallelic benign variant. Pathogenic variants in FOXII
(1/33), POU3F4 (2/33) and GJB2 (2/33) were also identified.
No CNV of SLC26A4 and STRC was found. WES of patients
negative for known causative genes (15/33) detected vari-
ants in 6 EVA-unrelated genes (SCD5, REST, EDNRB, TJP2,
TMCI, and CDH23) in 5 patients. Cell-based assays showed
that the novel TJP2 variant leads to an aberrantly localized
protein product, supporting its pathogenicity.

Sequence alterations in SLC26A4 and/or the CEVA haplo-
type, FOXI1, POU3F4, and GJB2 genes are responsible for
hearing loss and EVA in 14/33 patients of this cohort. WES
led to the identification of 6 genes previously not associated
with EVA and allowed for the diagnosis of additional 5 pa-
tients. The genetic causes remain unidentified in 42% (14/33)
of patients. Functional and molecular studies are needed to
define the pathogenicity of novel variants and establish a
causal link with disease.
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Genetic diversity of hearing loss and its connection to
auditory development of cochlear-implanted children
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Introduction: Each year, approximately 1-6 out of every 1000
children are born with severe to profound hearing loss (HL).
In the majority of them HL is genetically determined and
usually two pathogenic variants are detected in the DFNB1
locus. The aim of the study was to dissect the genetic back-
ground of non-DFNB1 HL in CI patients and to analyze their
auditory development.

Material and methods: The study group (1 =51) was recruit-
ed from patients with isolated profound prelingual deafness
who received CI before the age of 24 months. All patients
were negative for DFNB1 locus pathogenic variants. Genomic
DNA was isolated from blood samples. In probands whole ex-
ome sequencing (WES) was performed. Validation of select-
ed variants and family segregation analysis were performed
using standard Sanger sequencing. Identified copy number
variants were examined with aCGH and qPCR. Evaluation
of patients auditory development was performed with the
LittlEARS questionnaire (LEAQ) in three subsequent inter-
vals — at the time of cochlear implant activation as well as in
5th and 9th month after CL

Results: Causative variants were identified in 74.5% of pa-
tients (38/51). The majority of them are localized in the
MYOI5A (n=7) and PAX3 (n=5) genes. Among the de-
tected genetic variants, 28% (15/54) were inherited in an
autosomal dominant manner and eight of them occurred
de novo. A syndromic form of HL was diagnosed in 27%
(14/51) of patients. The auditory development of the studied
children was the most dynamic in the first 5 months after CI
and slowed down between the 5 and 9 months of using the
device. No differences were observed between the auditory
development of patients with an identified and unknown ge-
netic causes of HL.

Conclusions: Obtained results show a high heterogeneity
of genetic HL causes in the population of Polish DFNB1-
negative cochlear-implanted patients. All tested children were
good candidates for CI as their HL causative genetic variants
are localized in genes preferentially expressed in the cochlea.
In a group of patients without an identified genetic cause, the
tested area should be expanded and more advanced technol-
ogies enabling full genome analysis (WGS) should be used.

Grant: 2017/27/N/NZ5/02369, National Science Centre,
Poland.
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Harnessing Al for enhanced analysis of cochlear imaging
data
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The sensory epithelium of the mammalian cochlea exhib-
its a tightly organized pattern of sensory hair cells along the
so-called tonotopic axis. High-resolution imaging now com-
monly generates large datasets from light and electron mi-
croscopy, but analyzing these massive datasets has become a
bottleneck, exacerbated by the lack of efficient tools that can
mitigate user biases and manual labor.

Recent advances in Artificial Intelligence and Machine
Learning (AI/ML) are transforming our ability to analyze
extensive datasets and accelerate scientific discovery, particu-
larly in tasks related to bio-image analysis. We will present
examples of AI/ML-based applications we have developed
for analyzing large inner ear imaging datasets, demonstrat-
ing how these technologies can expedite traditional time-
consuming analyses and help overcome barriers in the field.
These tools serve as a blueprint for developing novel appli-
cations in the field of auditory neuroscience.

To develop one such tool, we first assembled a diverse, care-
fully annotated dataset comprising 2D images of auditory hair
cells captured using fluorescence microscopy, contributed by
the global auditory research community. We then developed
an AI/ML-based application trained on this dataset that auto-
mates the detection, classification, and quantification of hair
cells along the tonotopic axis. The tool leverages advanced
deep learning libraries and architectures, resulting in robust,
generalizable models. Next, we extended AI/ML models to
a more complex challenge: analyzing serial 3D electron mi-
croscopy datasets. We developed a novel tool for volumetric
instance segmentation of mitochondria, which significantly
enhances the structural analysis of subcellular organelles in
electron microscopy volumes.

Our results illustrate significant time savings and increased
reproducibility, utilizing open-source technologies and free
software to build tools that can be shared as standalone tools
or Image] plugins. These developments streamline data pro-
cessing across various imaging modalities commonly used in
the field of auditory neuroscience and enable detailed, quan-
titative analysis of large datasets to aid in discoveries that may
have been overlooked otherwise.

While not exhaustive, these case studies underscore the es-
sential steps for developing and employing AI/ML-based
tools to address complex biological questions, highlighting
the potential of these technologies to advance studies that
rely heavily on detailed imaging data analysis.
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associated autoinflammatory disease
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The NLRP3 gene mutations are the cause of autosomal dom-
inant autoinflammatory disorders (NLRP3-AID). Recently,
hearing loss (HL) has been found to be the sole or major
manifestation of NLRP3-AID. Here, we tested 110 autoso-
mal dominant HL families with a custom panel of 237 HL
genes and found one family carrying the NLRP3 ¢.1872C>G,
p.Ser624Arg mutation. Functional studies revealed that this
novel variant is a gain of function mutation, leading to in-
creased activity of caspase-1 and subsequent oversecretion
of proinflammatory interleukin-1b. Clinical reanalysis of
the affected individuals, together with serological evidence
of inflammation and pathological cochlear enhancement
on FLAIR-MRI images, guided our diagnosis to atypical
NLRP3-AID. The study highlights the role of genetic analy-
sis in patients with progressive postlingual HL. This can help
to identify individuals with hereditary HL as a consequence
of NLRP3-AID and allow timely and effective treatment with
interleukin-1-receptor antagonist.

How do you define bone marrow in the petrosal bone?
Perin P, Cossellu D., Vivado E., Pizzala R.
University of Pavia, Italy

Bone marrow is a highly cellular connective tissue, contain-
ing both fixed elements (blood vessels, adipocytes, stromal
and staminal cells) and mobile cells (blood cellular elements
and their precursors). Since mature immune cells are also
found in other connective tissues, especially during inflam-
mation, the only way to identify bone marrow with certainty
is by labelling its unique components, i.e. blood cell pre-
cursors and stromal components. This however creates two
problems: 1-mobile cells are lost, in variable measure, dur-
ing tissue sectioning, and 2-most bone marrow cells do not
display unique epitopes, just unique combinations of them.

Within most bones, these problems do not significantly af-
fect marrow identification, since the latter is contained in
large, well-defined bone cavities, and even after some cell loss,
most of its elements are still present in sufficient quantity to
be visualized by immunofluorescence. The temporal bone,
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however, displays unique structural complexity, and in par-
ticular the petrosal bone surrounding the inner ear is made
of extremely dense bone formed by endochondral ossifica-
tion (different from calvaria, which are formed by membra-
nous ossification) and even displays cartilage remnants in the
adult. Although immune cells have been observed through-
out the petrosal bone, only at the petrosal apex bone mar-
row has been identified as such.

Recently, however, in the human temporal bone, cavities com-
patible with bone marrow were found by synchrotron imaging
to be located between the cochlear base and endolymphatic
sac and connected with the latter through bone channels (Liu
etal., 2024, doi: 10.3389/fneur.2024.1355785). In a similar po-
sition, by using tissue clearing, we observed in the rat tem-
poral bone highly cellular cavities with a similar connection
pattern (Perin et al., 2024, doi: 10.3389/fneur.2024.1386654).
These cavities could be as small as only containing a few hun-
dred cells only, and in previous work they had been addressed
as perivascular connective. However, even the smallest cav-
ities contained megakaryocytes, which are platelet precur-
sor and are confined to marrow in other bones. Therefore,
the small cavities within the petrosal bone can be identified
as bone marrow, and may be involved in local inner ear im-
mune responses.

Identification of novel components of the lower tip-link
complex: a proteomic and AI-based approach

Bighiu R.!, Pepermans E.!, Lelli A.%, Petit C.2, Baggerman G.!,
Van Rompaey V.!

! University of Antwerp, Belgium
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Understanding the complex workings of auditory mecha-
no-electrical transduction (MET) in the auditory hair cells
is essential for comprehending the mechanisms underly-
ing hearing. We present a novel approach integrating sin-
gle-cell proteomics, affinity-purification mass spectrometry
(AP-MS), and AI modeling to identify new components of
the lower auditory MET complex, crucial for auditory func-
tion. Specifically, we seek to identify new components of the
lower tip-link complex via AP-MS with specialized antibod-
ies against the known tip-link component protocadherin
15 (Pcdh15). Protein-protein interactions between poten-
tial new and known MET components will be validated us-
ing Alphafold2. Simultaneously, we construct an exhaustive
proteomic profile of inner hair cells (IHCs) and outer hair
cells (OHCs) isolated from the murine cochlea, employing a
suction pipette technique for single-cell isolation. Our sam-
ple preparation method yields promising results, with over
500 protein groups per single OHC. While proteomic analy-
ses of vestibular hair bundles exist, none focus specifically on
IHCs and OHCs. Ultimately, the aim is to conduct a compar-
ative analysis between OHCs and the more difficult-to-iso-
late IHCs. Furthermore, we intend to correlate this dataset
with established molecular structures in auditory mecha-
nisms and have them serve as complimentary validation for
AP-MS experiments with known components of the hear-
ing machinery. These findings will offer critical insights into
cochlear mechanosensation, advancing our understanding
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of auditory biology and providing a framework for innova-
tive therapeutic strategies to address hearing impairments.

Implementing swept-tone and level distortion-product
and stimulus-frequency otoacoustic emission recording
protocols in rats

Petremann M.', Kaden-Volynets V.2, Charaziak K.%,
Lowenheim H.!, Dyhrfjeld-Johnsen J.2

! Department of Otolaryngology — Head and Neck Surgery;
Hearing Research Center, Faculty of Medicine, University of
Tiibingen, Germany

2 Acousia Therapeutics, Tiibingen, Germany

? Caruso Department of Otolaryngology — Head and Neck
Surgery, University of Southern California, USA

Age-related hearing loss (ARHL) progression and outer hair
cell (OHC) functional decline have previously been report-
ed in Wistar rats but limited to non-linear distortion-prod-
uct otoacoustic emissions (DPOAEs). Linear reflection-type
stimulus-frequency otoacoustic emissions (SFOAEs) have not
yet been established for this species and may provide addi-
tional information about cochlear amplification, tuning and
onset of hearing loss. In human studies, inclusion of both
OAE types in cochlear assessment may provide complimen-
tary information. Here we report initial efforts to broaden
the toolbox for time-efficient and objective assessment of
cochlear function in rats with swept-stimulus DPOAE and
SFOAE measurements.

SFOAE measurement feasibility and repeatability were first
confirmed in male Wistar rats. Then, for fixed level OAEs
measured across range of frequencies, we implemented a
“swept-tone” paradigm, testing various frequency sweep rates.
To further speed up data collection, the frequency range (~4-
40 kHz) was divided into 2 or 3 subranges played simultane-
ously. Results of single vs. multiple frequency sweep SFOAE
and DPOAE at varying rates were compared to OAEs meas-
ured with steady-state discrete tones. We also studied the
effects of sweeping the stimulus level, at fixed frequency for
measurements of DPOAE input-output functions at six f2 fre-
quencies. Stimulus levels were swept at variable rates with up
to three pairs of stimulus frequencies were played simultane-
ously. Results were compared to DPOAE input-output func-
tions measured with discrete tones.

For the SFOAE repeatability test, a conventional discrete-
tone suppression paradigm was used. The maximum aver-
age within-subject differences were 5.0+ 7.1 dB within-day
and 6.2 + 13.5 dB between days.

Swept-tone SFOAE and DPOAE recordings showed ampli-
tudes similar to discrete-tone with rates up to 2 octaves/
sec. Whereas DPOAE:s could be recorded with 3 simultane-
ous sweeps (<3 dB difference), SFOAE results from multiple
sweeps were not as consistent. Swept-level DPOAEs produced
results identical to discrete-tone up to a 80 dB/sec rate and
allowed simultaneous recording of 3 frequencies without in-
terference. These data confirm that SFOAEs can be measured
in a consistent and time-efficient manner in rats, with levels
comparable to other laboratory species. Further work aims
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to demonstrate the evolution of SFOAEs with aging, in com-
parison to ABRs and DPOAEs.

In vitro biocompatibility study of Polyvinyl difluoride
piezoelectric nanofibers for cochlear implants

Fracaro S.!, Danti S.2, Hellies F.!, Mokhtari F>, Zanoletti E.%,
Albertin G.°, Astolfi L.!

! Bioacoustics Research Laboratory, Department of Neuroscience
DNS, University of Padova, Italy

? Department of Civil and Industrial Engineering, University of
Pisa, Italy

? Carbon Nexus, Institute for Frontier Materials, Deakin
University, Waurn Ponds, Victoria, Australia

# Otolaryngology Section, Department of Neuroscience DN,
University of Padova, Italy

* Human Anatomy Section, Department of Neuroscience DNS,
University of Padova, Italy

The cochlear implant (CI) is currently the gold standard in
treating sensorineural hearing loss (SNHL) as it activates the
cochlear nerve bypassing the hair cells, allowing the brain to
hear sound waves. The goal of ongoing research is to create
self-powered cochlear stimulation devices based on piezoelec-
tric nanomaterials that can improve the quality of life for pa-
tients with SNHL and reduce the side effects of traditional Cls.

Polyvinyldifluoride (PVDEF) piezoelectric nanofibers are a
new type of piezoelectric nanostructure developed for bio-
logical purposes. The fiber can be coated with barium titan-
ate (BaTiO3) nanoparticles or graphene nanosheets (GN)
to enhance the piezoelectric coefficients. The purpose of the
study is to evaluate the in vitro biocompatibility of PVDF na-
nofibers, which appear promising as alternatives for produc-
ing next-generation Cls.

Pure PVDE, BaTiO3-coated PVDE, and GN-coated PVDF
were evaluated on three cell lines: HaCaT, OC-k3, and PC12.
Viability, morphological changes, and neuritic outgrowth
were evaluated in vitro using these cell lines as a model for
the cochlear tissues.

The morphology study indicated that HaCaT, OC-k3, and
PC12 cells were healthy, well-preserved, and had normal
structural characteristics at all times tested. According to cell
viability results, the fibers caused an increase in cell metab-
olism after 72 hours of incubation, especially on OC-k3 and
PC12. On the HaCaT cell line, the fibers exhibited a slight
but not significant reduction of cell metabolic activity start-
ing from 48 hours of exposure. In addition, BaTiO3-coated
PVDF have the most favorable results when it comes to the
number of branch points and average length of neurites in
PC12 cells, leading to a conclusion that BaTiO3 nanoparti-
cles enhance the complex processes of PC12 cells.

To summarize, the investigation revealed that the tested na-
nofibers exhibited high biocompatibility in vitro, particu-
larly with cochlear and neuronal cells, and the piezoelectric
nanofibers with barium titanate particles be used to devel-
op the next generation of self-powered cochlear implants.
To conclude, these piezoelectric nanofibers have the ability
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to stimulate the cochlea, even though additional research
is needed to achieve adequate mechanical and electrical
performance.

In vivo calcium imaging in the developing mouse
cochlea

De Faveri E!, Ceriani E!, Marcotti W."?

! School of Biosciences, University of Sheffield, UK
2 Neuroscience Institute, University of Sheffield, UK

Introduction: Sensory-independent calcium activity regu-
lates the development of mammalian sensory systems. Our
current understanding of the origin and modulation of these
calcium signals comes from ex vivo experimental work, which
cannot replicate the sophisticated anatomy, innervation and
physiology of the intact mammalian cochlea. We have de-
veloped surgical and microscopy approaches that, combined
with transgenic animals expressing fluorescent indicators, al-
low us to study how mammalian sensory hair cells operate
in vivo. Using this approach, we investigated the dynamics
of spontaneous calcium activity in the prehearing cochlea of
live mice at the cellular level.

Material and methods: Mice (P3-P10) expressing the genet-
ically encoded calcium indicator GCaMPéf in either the hair
cells or the supporting cells were anaesthetised using isoflu-
rane and their body temperature maintained with a heat mat.
The surgical procedure only led to a very small opening in
the apical coil of the cochlear bone, leaving the cochlear ca-
nals intact and unopened. The mouse was then transferred
on the stage of a two-photon microscope equipped with long
working distance water immersion objectives for imaging.

Results: This approach allowed us to record from the same
cochlear region spanning 15-30 IHCs. We found that THCs
and supporting cells displayed spontaneous calcium activity
in vivo throughout the age-range investigated. IHC activity
mostly appeared in bursts and some IHCs appeared to tran-
sition between quiescent periods and periods of prolonged
spontaneous activity. Nearby IHCs displayed both independ-
ent and coordinated activity, which was compatible with the
modulation on THC excitability by calcium waves from the
supporting cells.

Conclusions: Our approach provides significant insights
into the nature of spontaneous cochlear activity in prehear-
ing mice. These findings provide the first in vivo physiolog-
ical recordings of spontaneous calcium activity occurring in
the mouse pre-hearing cochlea. The application of two-pho-
ton imaging to study cochlear activity in vivo offers a prom-
ising avenue for future research.

Funding: The Wellcome Trust (224326/Z/21/Z) to WM.
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Inner ear malformations caused by mutations in Slc26a4
gene and it’s regulative elements presented in a zebrafish
model
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Congenital hearing loss can be caused by genetic abnormal-
ities leading to inner ear malformations (IEM). SLC26A4
(pendrin) is an anion exchanger expressed in the inner ear,
thyroid and B-intercalated cells in the kidney. Mutations in
SLC26A4 cause a common form of IEMS: enlarged vestibu-
lar aqueduct (EVA), often accompanied by incomplete par-
tition type 2 (EVA/IP2). However, only 25% of patients have
confirmed mutations in SLC26A4. It has been reported that
a group of polymorphisms upstream of the SLC26A4 gene,
the CEVA haplotype, is frequently found in patients with
monoallelic SLC26A4 mutations. Since the publication of
the zebrafish genome in 2001, the zebrafish has become an
increasingly popular animal model for studying human dis-
eases. The transparency of the larvae, the large number of
offspring and the accessibility of various methods of genet-
ic, chemical and physical manipulation make it a very useful
model for studying inner ear development. During early de-
velopment, the inner ear undergoes dynamic changes from
an otic placode and otic vesicle to a labyrinth of semicircu-
lar canals. Since data on the expression of genes associated
with hearing are incomplete, we present here a detailed ac-
count of expression during early development. Secondly, we
plan to create a zebrafish model for human SLC26A4 gene
expression by introducing human upstream regulatory ele-
ments into the zebrafish genome.

Investigation of cochlear implant impedances over time
Vormelcher S.'?, Kley D.!, Batsoulis C.2, Biichner A.!

! Department of Otorhinolaryngology, Hannover Medical School,
Hannover, Germany
2 MED-EL Research Center, Hannover, Germany

Introduction: Structure and hearing preservation are im-
portant factors in cochlear implant (CI) surgery. To improve
outcomes, impedance measurements of the CI electrode can
be used to monitor these parameters after electrode inser-
tion to detect delayed hearing losses: electrode impedance is
thought to be a biomarker for inner ear inflammation after
insertion of a CI electrode into the cochlea. Within the pre-
sent study, impedance changes over time were analyzed using
an app-based solution for daily in-vivo impedance measure-
ments of CI recipients.

Material and methods: N =22 participants were asked to
use a research software, the Telemetry Study App, to meas-
ure the impedance of all 12 electrode contacts morning and
evening for a period of at least 4 months after implanta-
tion. Depending on the start of electrical stimulation, the
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cohort was divided into (1) direct activation (DA) and (2)
non-DA group.

Results: In both groups, lower impedances were observed
in the evening compared to the morning with the onset of
electrical stimulation. An increase in mean impedances was
shown up to 10 days after surgery. Mean impedances of the
DA group reached a plateau after about 30 days after sur-
gery while the non-DA group continued to show a slight in-
crease. Impedance values of the DA group remained mostly
unaffected from the start of the first fitting week (~day 40
postoperatively) but decreased in the non-DA group. Mean
impedances of the non-DA group were slightly lower than
those of the DA group at this time but converged at the end
of the investigation period.

Conclusions: The Telemetry App allowed for daily imped-
ance measurements and hence for monitoring of the inner
ear condition. With increased measurement frequency, the
impedance development over time after CI surgery could be
shown. In addition, daily impedance fluctuations were ob-
served with the onset of electrical stimulation.

Is there a relationship between voice and hearing?
Daldova V.!, Merkulava A.?, Kobachidze A.?

! The Republican Center for Research and Practice in
Otolaryngology; Minsk, Bielarus

2 Institute of Advanced Training and Retraining of Healthcare
Personnel of Educational Institution “Belarusian State Medical
University’, Minsk, Bielarus

Introduction: Nowadays, hearing impairment is one of the
key challenges at the forefront of paediatric otorhinolaryn-
gology. In the absence of auditory feedback, children with
impaired hearing suffer from voice and speech disturbances
due to inability to control their own voices. Thus, the pur-
pose of this study was to describe the nature of voice abnor-
malities in children with hearing loss.

Material and methods: The study involved 100 aged 4-12
years with a diagnosis of bilateral chronic sensorineural hear-
ing loss. The children underwent subjective and objective
voice research methods.

Results: The most prevalent complaint in children (72.94%)
was a change in voice quality. Endoscopy of the larynx showed
no pathological findings in 87.0%. Acoustic analysis of the
voice in children with hearing loss showed the following voice
disorders: in Grades 3 to 4 hearing loss, a shift in FO towards
low frequencies of 239.78 Hz is seen (95% CI 228.6-250.95)
(p <0.05). Children with hearing loss had high Jitter of 1.82
(95% CI 1.22-2.43) that was nearly three times over the nor-
mal limits (p < 0.05). MPT in children with Grades 3 to 4 hear-
ing loss was lower than that in children with normal voice and
hearing and measured 5.41 s (95% CI 1.22-2.43) (p <0.05).

Conclusions: The study found that hearing impairment is as-
sociated with the development of voice abnormalities. Medical
care for children with Grades 3 to 4 hearing loss should in-
clude measures to identify and treat those voice abnormalities.
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KDMS5B controls sensory neuron subtype diversity
Wang X.L."?, Chen X."?, Zhang S.S."%, Chai R.J."?
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Introduction: The transformation of initial auditory stim-
uli is fundamentally upon the synaptic connections origi-
nating from hair cells and projecting to the spiral ganglion
neurons (SGNs) within the cochlea. During stages of neu-
ronal development, epigenetic modulations coordinated syn-
ergistically with transcription regulators play a pivotal role
in the determination and preservation of neuron subtypes.
Mature murine cochlear SGNs comprise four distinct sub-
types, specifically designated as Type Ia, Ib, Ic, and II; how-
ever, the definitive regulatory factors conferring specification
and maintenance of these subtypes are yet to be comprehen-
sively elucidated.

Methods: 1. Single-cell transcriptomic analysis: Seurat,
Harmony, SCENIC, Metascape. 2. Adono-associated vi-
rus (AAV)-based delivery system to murine cochlea.
3. Single-molecular in situ hybridization (RNASCOPE). 4.
Electrophysiological patch-clamp recording. 5. Immuno-
fluorescence staining.

Results: In this study, we initially constructed a single-cell
transcriptomic landscape of SGNs from embryonic, neonatal,
and adult developmental stages. Utilizing the SCENIC algo-
rithm designed to predict transcription factor (TF) activity, we
were able to identify a sequence of TFs exhibiting time-specif-
ic expression patterns. Interestingly, our data revealed a sub-
stantial association between the epigenetic cofactor KDM5B
(Lysine-specific demethylase 5B) and the timing of initial sub-
type specification which typically occurs at birth or just prior.
Altering the gene expression of Kdm5b in the mouse cochlea
at birth through an AAV-based round window injection re-
vealed bidirectional effects on subtype markers (Calbl, Calb2,
and Lypdl). Specifically, a significant downregulation or
even complete ablation was observed subsequent to shRNA-
-mediated knockdown of Kdm5b. Conversely, overexpression
of Kdmb5b resulted in a reinforcement of mixed SGN identity.
Notably, both genetic manipulations consequently induced
auditory impairments in the mice, as determined via the au-
ditory brainstem response (ABR) test. Additionally, bulk RNA
sequencing data derived from profiling cochlear tissue ech-
oed these findings, reinforcing the importance of Kdm5b in
the specification process of SGN subtypes. In sum, our re-
sults indicate that the epigenetic regulator KdmS5b is indispen-
sable in effectively determining SGN subtype specification.

Conclusions: 1. Kdm5b expression is restricted to early SGN

development. 2. Kdm5b specifies and maintains SGN subtype
identity.

132

Long term expansion of Lgr5 positive supporting cells
and differentiation into a hair cell-like phenotype from
adult mouse derived cochlear organoids
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Introduction: Over 400 million people worldwide suffer
from hearing loss, which requires medical intervention. The
current treatments available to these patients are the use of
hearing aids or cochlear implants. Although they improve the
patients quality of life, ‘normal’ hearing is not completely re-
stored. A primary cause of hearing loss results from damage
to hair cells (HCs) due to excessive noise exposure, ageing,
or the exposure to ototoxic drugs. These damaged HCs are
not regenerated in humans and can continue to deteriorate
with time. In non-mammalian vertebrates, supporting cells
(SCs) in the cochlea have regenerative capacities and give rise
to new HCs after damage, even in adulthood. Research with
neonatal mice has also shown that SCs can give rise to new
HCs after damage in vivo. Furthermore, neonatal SCs can be
expanded and differentiated into hair cells in vitro. However,
for translational purposes, it is important to evaluate if this
is also possible with adult-derived tissue.

Material and methods: Young adult and mature adult
Lgr5GFP transgenic and C57CB/Bl6 mice were used for iso-
lating cochleas. Cochleas were harvested and, after digestion
with thermolysin and accumax, single cells were mixed with
Matrigel, plated in 3D and grown in a high growth factor me-
dium containing Wnt, R-spondin, and Noggin conditioned
mediums. After passaging with trypsin and mechanical trit-
uration, we evaluated proliferation and differentiation by im-
munofluorescence microscopy and qPCR or bulk sequencing.

Results: Lgr5-expressing SCs derived from adult (p30-p200)
Lgr5GFP transgenic and C57CB/Bl6 mice cochleas can be ex-
panded to at least 9 passages without losing differentiation
capacity. Lgr5 is highly expressed in expansion medium and
lost after differentiation. Atohl expression increases during
expansion and it is lost after differentiation. Myosin7 is not
expressed in expansion medium and it is highly enhanced af-
ter differentiation. In parallel, we aim to setup a co-culture
system where we will culture differentiated cochlear orga-
noids with spiral ganglion neurons (SGN), to further mim-
ic the in vivo physiology. This research will be the first step
to building a functional primary cochlear organoid model
to get a better understanding of the regenerative capacities
of adult derived tissue.
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Loud noise exposure is unlikely to cause DNA damage
within the organ of Corti
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Introduction: Noise-induced hearing loss (NIHL) affects
a large proportion (Daniel, 2007) of the estimated 1.5 bil-
lion people currently living with hearing loss (WHO, 2021).
NIHL, just like all other forms of hearing loss, can lead to
depression and anxiety (Shukla et al., 2020), and it increases
the risk of dementia (Livingston et al., 2020). However, we
know little about the pathogenesis of NTHL, which is impor-
tant for helping us identify prevention methods and thera-
pies. Based on previous work showing that oxidative stress
is liekly to be part of the pathogenesis of NIHL (Kishimoto-
Urata et al., 2022), we hypothesise that cells within the coch-
lea experience DNA damage following loud noise exposure,
leading to cell death seen in NTHL.

Material and methods: We exposed 1 month-old C57Bl/6N
mice to 120dB SPL of sound (1-16 kHz) for 2 hours, before
sacrificing them and fixing their cochleae. Following fixa-
tion and dissection, organs of Corti were immunolabelled for
the DNA damage markers yH2AX and 53BP1. To test how
the different cell types within the cochlea respond to oxida-
tive stress, we treated the organs of Corti explanted from 1
month-old mice with the oxidising agent hydrogen perox-
ide, before fixing and labelling them for yH2AX and 53BP1.

Results: One hour post-noise exposure, yH2AX and 53BP1
immunofluorescence labelling in the cochlear cells appeared
comparable to that observed in non-exposed mice. We also
found that following peroxide treatment, adult hair cells show
relatively little change in YH2AX labelling when compared
to the supporting cells.

Conclusions: Our preliminary study shows that DNA dam-
age is unlikely to mediate the cell death seen in NIHL, and
that there is a difference in how adult hair cells and adult sup-
porting cells respond to oxidative stress. One explanation for
the different cellular responses is that adult hair cells are bet-
ter protected against DNA damage than supporting cells. The
other explanation is that adult hair cells are less able to rec-
ognise and repair DNA damage. Identifying which explana-
tion is correct will help us understand why adult hair cells
degenerate and die following an increase in oxidative stress.

Mammalian TMCI1 or 2 are necessary for scramblase
activity in cochlear hair cells

Peineau T.!, Marcovich I.!, O’'Malley S.},
von Muhlenbrock Rodriguez C.!, Cui R.2, Ballesteros A.%,
Holt J.R.!

! Boston Childrens Hospital and Harvard Medical School, Boston,
MA, USA
2 NIH/NIDCD, Bethesda, MDD, USA

Auditory sensory transduction converts sound information
into electrical signals through opening of mechanosensitive
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ion channels located at the tips of hair cell stereocilia
(reviewed by Zheng and Holt, 2021). Among the proteins of
the ion channel complex, we find the transmembrane chan-
nel-like (TMC) proteins 1 and 2 form the pore of hair cell
transduction channels (Pan et al., 2013, 2018). The structure
of TMC proteins in C. elegans worms (Jeong et al., 2022;
Clark et al., 2024) and predicted mammalian TMC struc-
tures (Hahn et al. 2009; Ballesteros et al., 2018; Pan et al.,
2018) are reminiscent of TMEM16 proteins, which func-
tion as Ca?*-activated ion channels and lipid scramblases.
For the current study, we confirmed lipid scramblase activity
in auditory hair cells with genetic or pharmacologic disrup-
tion of TMC1, consistent with a previous report (Ballesteros
and Swartz, 2022). We used the Annexin-V marker cou-
pled with a fluorophore emitting at 647nm to label the phos-
phatidyl serine (PS) localized in the membrane at the tips of
hair cell stereocilia. PS externalization was triggered by dis-
ruption of sensory transduction using the established non-
-ototoxic blocker, benzamil, or by genetic mutations that af-
fect permeation properties of TMCI. Following application
of 5 uM FM1-43 to label hair cells, we compared externali-
zation of PS before and after benzamil treatment. We found
that expression of either TMCI or TMC2, were essential for
PS externalization. Tmc1/Tmc2 double knockout mice lacked
PS externalization completely. We also determined that ex-
pression of exogenous human TMCs (hnTMC1 or hTMC2) can
induce PS externalization. Finally, we demonstrated that hair
cells expressing two different human mutations in Tmcl can
constitutively evoke PS externalization. In conclusion, here
we show that not only TMCI is essential for the lipid scram-
blase function in hair cells but TMC2 can also promote scram-
blase activity in the absence of TMCI. The PS externalization
can be triggered by human TMC proteins. Our data suggest
that human TMC dysfunction, like mouse, may lead to dys-
regulation of membrane homeostasis at the tips of hair cells
stereocilia and thus may contribute to auditory dysfunction
due to TMCI mutations.

Minigene assay as important tool in determining the
pathogenicity of genetic variants in hereditary hearing
loss

Gan N.', Leja M.!, Ozigblo D.!, Baldyga N.!, Skarzynski H.%,
Oldak M.!
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2 Oto-Rhino-Laryngology Surgery Clinic, World Hearing
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Warsaw/Kajetany; Poland

Introduction: Next generation sequencing (NGS) is a meth-
od which is becoming increasingly available in clinical setting,
especially in genetically heterogenous diseases as hereditary
hearing loss. For each patient there are thousands of vari-
ants, including benign polymorphisms, pathogenic variants
and variants of unknown clinical significance. The last ones
are difficult to interpret, especially in case of silent variants
and variants in non-coding parts of the gene — their mode of
pathogenicity might be more elusive, i.e. alteration of splic-
ing. Such variants require functional studies to properly as-
sess their impact and pathogenic potential.
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Aim: To assess the pathogenicity of 11 novel variants with
possible effect on splicing using minigene assay.

Material and methods: Selected variants were: ATP2B2 c.941-
7C>G, EYAL ¢.1475+1G>T, EYA4 c.1282-12T>A, GSDME
c.991delT, GSDME c.1127A>G, MYO6 c.816+1G>A, MYO6
c.1984-1G>A, MYO6 ¢.3281-13A>G, MYO7A c.2829G>A,
MYOI5A ¢.9230-4 A>T, SLC26A4 ¢.1001+1G>A. Each var-
iant was detected in the custom HL gene panel performed
for patient of Department of Genetics, Institute of Physiology
and Pathology of Hearing. Fragments of genes of interest en-
compassing closest introns and exons were introduced into
expression vector pDEST pCI-Neo RHO using Gateway clon-
ing system. Cell cultures of HEK293T line were transfected
with expression vectors for each gene, containing either wild
type sequence or sequence with studied variant. After 48 h
of incubation cell lysis and RNA isolation were performed.
Transcripts were analyzed by subsequent RT-PCR, gel elec-
trophoresis and Sanger sequencing.

Results: The majority of studied variants displayed their effect
on splicing (9 out of 11, 82%). The most common aberrations
were exon skipping and incorporation of intron fragment to
the transcript, which usually resulted in frameshift and intro-
duction of premature stop codon. In case of variants ATP2B2
€.941-7C>G and MYOI15A ¢.9230-4 A>T there were no ob-
servable signs of splicing alteration.

Conclusions: Genetic variants affecting splicing emerge as
an important contributor to HL. The performed minigene as-
says allowed for better variant interpretation, which in turn
allowed for the correct genetic diagnosis. The study demon-
strates the significance of functional testing especially when
it comes to the silent variants and intronic variants.

Grants: 2016/22/E/NZ5/00470 and 2021/41/B/NZ5/04390
National Science Centre, Poland.

Modeling genetic inner ear hearing loss: development
of hiPSC-derived inner ear organoids harboring GJB2
mutations
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Hearing loss is the foremost common sensory disorder glob-
ally, impacting approximately 5% of the population. The cur-
rent treatment options are limited to hearing aids or cochlear
implants, which mitigate symptoms but are not a permanent
solution. In the context of genetic hearing loss, gene therapy
could be the ultimate solution.

In Europe, the most common mutations occur in the GJ/B2
gene, which encodes Connexin 26 (Cx26), a component of
gap junctions, which facilitate ion transport between cells.
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The exchange of ions is an essential process for hearing as it
functions as a message between sound detection by the hair
cells and transmission of this message to the brain. Disease-
causing mutations in G/B2 lead to aberrant or non-functional
protein, probably leading to improper exchange of ions be-
tween cells and thereby reduced hearing.

The only available human model for inner ear research is the
inner ear organoid model, generated from human induced
pluripotent stem cells (hiPSCs). This model recapitulates
the diverse cell types found within the inner ear, providing
insights into hearing-related mechanisms. We are employ-
ing this model system to study how GJB2 mutations result
in hearing loss.

To select the most relevant GJB2 mutations, we performed a
literature search to identify mutations associated with hear-
ing disorders. Multiple sequence alignment and AlphaFold 2
predictions were performed to assess mutations at conserved
protein sequence positions. Two selected mutations, ¢.35delG
and ¢.269T>C/p.L90P, commonly found in European patients,
induce a shortened Cx26 protein and a missense mutation
with a structural change, respectively. Guide RNAs for these
mutations are undergoing efficiency testing.

We outline selection criteria for mutations that can be studied
in hiPSC-derived inner ear organoid models. This will facil-
itate the study of G/B2 mutations on essential hearing cells,
enhancing understanding of the disease and guiding future
therapy development.

Monitoring the negative effects of music listening on
otoacoustic emissions: a preliminary report

Pastucha M., Pilka E.!, Skarzynski H.%, Jedrzejczak W.W.!
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Introduction: Many people consider music an essential aspect
of daily life, often listening to it for extended periods, sur-
passing safe sound levels. Prolonged exposure to loud sounds
(>85 dBA) can harm the hearing organ, leading to irreversi-
ble changes in the inner ear and noise-induced hearing loss.
Regular hearing tests, such as otoacoustic emission testing,
are crucial for early detection of cochlear changes, particu-
larly in cases of noise-induced hearing loss. Fortunately, ad-
vancements in technology grant us nearly limitless access to
tools for monitoring hearing health.

Purpose: The purpose of this study was to see how exceeding
recommended sound doses affects the magnitude of different
types of otoacoustic emissions (OAEs).

Material and methods: Measurements were made on 1 person
with normal hearing listening to music on an Android mo-
bile device. Three types of OAEs were measured: click-evoked
OAEs (CEOAE), distortion product OAEs (DPOAE) and
spontaneous emissions (SOAE). The application’s (Hear Angel)
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which monitors musical multimedia internal measure, the
daily sound allowance (DSA), was used to estimate music ex-
posure time. OAE measurements were made for: 100% DSA,
100% DSA + 10 minutes, 100% DSA + 30 minutes, 7 hours.

Results: Slightly exceeding the daily limit calculated with the
app does not cause significant changes in OAE response lev-
els. Some differences are noticeable only after several hours of
musical exposure. The biggest changes occurred in the SOAEs.
The amplitude of all SOAEs decreased for DSA + 30 minutes
and for 7 h.

Conclusions: SOAEs appear to be the most sensitive type
of OAE to changes in the auditory system. Unfortunately,
SOAEs are currently recorded in about 60-70% of the pop-
ulation with normal hearing, which is the biggest limitation
in the use of these measurements. However, the results ob-
tained are promising and encourage further research.

Multiplexed TMT-based quantitative proteomics
identified essential players involved in the mechanism of
action of SENS-401 observed under normal or ototoxic
conditions in intact cochlear organ cultures

Dadak S., Broussy A., Harrus A.G., Descossy V., De
Santiago K., Gallot L., Petit G.H., Désiré L.

Sensorion SA, Montpellier, France

Introduction: SENS-401, known as R-azasetron besylate, is
a first-in-class drug candidate to treat Sudden Sensorineural
Hearing Loss (SSNHL) and in clinical development for inner
ear protection against Cisplatin-Induced Ototoxicity (CIO)
and hearing preservation after cochlear implantation.In all
three indications SENS-401 demonstrates a promising po-
tential to improve hearing (https: //www.sensorion.com/en/).
The goal of this study is to conduct a systematic analysis of
proteins and pathways involved in the protective action of
SENS-401.

Material and methods: P3-P5 Wistar rat organotypic explant
cultures, including both spiral ganglion and organ of Corti
intact tissue, were exposed or not to 20 h-cisplatin (Cis) and
co-treated or not with SENS-401. We used unbiased tandem
mass tag multiplexed quantitative proteomics coupled with
high performance liquid chromatography and mass spec-
trometry (FPP Montpellier). Bioinformatics data processing
was done with MaxQuant & Perseus software. Differentially
expressed proteins (DEPs) obtained by comparing condi-
tions were analysed using the Panther Classification System,
the Database for Annotation, Visualization and Integrated
Discovery (DAVID), and KEGG/Reactome/Wikipathways
database resources. Differential analysis with corrected t-
test (FDR 5% and s0=1) was considered significant when
the p-value was < 0.05.

Results: We provide for the first time proteomics data that
revealed an overview of proteins/pathways involved in the
SENS-401 effects, identifying 186 DEPs associated with 16
pathways, by comparing the SENS-401 to the Control condi-
tion. While 38% of the DEPs were significantly upregulated
by SENS-401, 62% of DEPs were downregulated, highlight-
ing the involvement of several combined protective pathways.
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In the CIO context, our proteomics data revealed that SENS-
401 treatment affects up to 417 DEPs (with 52% DEPs up-
regulated and 48% downregulated) involving 38 pathways
(SENS-401+Cis versus Cis) over the 799 DEPs and 62 path-
ways characterizing the ototoxic effects of Cis (Cis versus
CTL). Finally, the co-treatment of SENS-401+Cis showed
only 84 DEPs with 5 associated pathways when compared to
Control, suggesting that SENS-401 is strongly shifting protein
profiles and biological pathways towards normal condition.

Conclusions: We present for the first time a systematic anal-
ysis of proteins/pathways involved in SENS-401 effects under
normal or ototoxic conditions. Replication and extension of
these exploratory studies, including in vivo, will provide val-
uable insights into potential molecular targets.

Netl overexpression promotes the trans-differentiation
of Lgr5-positive progenitor cells into hair cells

Lin Y.!, Zhang S."?

! State Key Laboratory of Digital Medical Engineering,
Department of Otolaryngology Head and Neck Surgery, Zhongda
Hospital, School of Life Sciences and Technology; School of
Medicine, Advanced Institute for Life and Health, Jiangsu
Province High-Tech Key Laboratory for Bio-Medical Research,
Southeast University, Nanjing, China

2 Southeast University Shenzhen Research Institute, Shenzhen,
China

Introduction: Sensorineural hearing loss is mainly caused
by loss of sensory hair cells (HCs) due to ototoxic drugs, ag-
ing, and environmental noise. Unfortunately, hair cells are
non-regenerative in the cochlea of adult mammals. Recent
studies have shown that Lgr5-positive progenitors have the
properties to regenerate hair cells. Netl is a guanine nucle-
otide exchange factor of RhoA GTPase, which is involved
in a variety of biological processes in cancer cells, including
cell proliferation and differentiation. However, its roles in the
cochlea have not been widely reported in vivo.

Material and methods: We inserted a NetI gene expression
sequence at Hipp11 (H11) to construct Netlloxp/+ mice using
CRISPR/Cas9 technology. After injecting Tamoxifen at PO-
P1 to activate Cre recombinase, Net! was specifically overex-
pressed in Lgr5+ progenitor cells. We observed ectopic HCs
by immunofluorescence, and determined whether the HCs
were proliferated from Lgr5+ progenitor cells by EAU assay
and lineage tracing, respectively, and the mechanism of Net1
enhancing HC regeneration was explored by real-time fluo-
rescence quantitative PCR.

Results: By immunofluorescence, we found a large num-
bers of ectopic HCs in cochlea of Netl conditionally
overexpress(cOE) mice, and the EAU assay failed to detect
any EdU+/Sox2+ cells. The lineage tracing results showed
that more tdTomato+HCs significantly derived from Lgr5+
progenitors of NetI cOE mice than control. More important-
ly, real-time qPCR results showed that the hair cell-associ-
ated transcription factor Atohl, was significantly increased,
Wnt/[-catenin pathways was activated and TGFp pathway was
up-regulated in cochlear basilar membranes (BMs) of Netl
cOE mice. All results indicated that the Netl cOE promoted
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HCs regeneration, and these regenerated ectopic HCs may be
directly transdifferentiated from Lgr5+ progenitors.

Conclusions: In summary, we specifically overexpressed Net1
in neonatal mouse cochlear Lgr5+ progenitor cells and found
a remarkably increased in the number of ectopic HCs com-
pared to control mice. This study provides new evidence for
the regulation of Net1 on the regeneration of neonatal mouse
cochlear HCs.

Neural health assessments in cochlear implant recipients
using electrically evoked compound action potentials

Versnel H.?, Schols E.!, Ramekers D.!3

! Department of Otorhinolaryngology and Head & Neck Surgery,
University Medical Center Utrecht, The Netherlands

2 UMC Utrecht Brain Center, Utrecht, The Netherlands

? Department of Otorhinolaryngology and Head and Neck
Surgery, Antwerp University Hospital, Edegem, Belgium

Introduction: Hearing performance of cochlear implant (CI)
users relies on the condition of the auditory nerve. Animal
studies have shown that electrically evoked compound ac-
tion potentials (eCAPs; responses of the nerve to current
pulses) can be applied to assess this condition. In particular,
relative eCAP measures, obtained by comparing eCAPs to
different stimuli, are strongly correlated with neural surviv-
al (Ramekers et al., 2014). Studies in humans demonstrated
the value of such relative measures in their correlations with
hearing performances (Zamaninezhad et al., 2023). Here, we
recorded eCAPs to various stimuli in CI recipients to exam-
ine the predictive value for hearing performance using both
linguistic and non-linguistic perception tasks.

Material and methods: Ten subjects with severe sensorineu-
ral hearing loss, aged 60 to 80 years, received a CI (Flex28 ar-
rays of Med-El GmbH). Intraoperatively and approximately
4 months postoperatively, eCAPs were recorded to biphasic
current pulses with varying interphase gaps (IPGs; 2.1 to 30
us) and varying current levels up to saturation level. Outcome
measures include amplitude and latency at maximum current
levels, and the current level halfway the amplitude growth
function, level 50%. Relative eCAP measures were obtained
by the difference between measures at IPG of 30 and 2.1 ys.
Hearing performance was assessed by CVC in noise (+5 and
+10 dB signal-to-noise ratio) perception and spectral ripple
discrimination using the spectral-temporally modulated rip-
ple test (SMRT; Aronoff and Landsberger, 2013).

Results: In all patients eCAPs could be recorded with ampli-
tudes between 200 and 1000 V. The absolute eCAP measures
for IPG of 30 ps were similar for postoperative and intraop-
erative recordings. The IPG-difference measures substantially
differed between postoperative and intraoperative recordings
with postoperative measures aligning more with outcomes
from animal studies. One notable correlation between hear-
ing performance and eCAP outcome was observed: the rip-
ple discrimination score increased with decreasing eCAP
latency (R2 = 0.5, p < 0.05). Speech perception scores did not
significantly vary with absolute or relative eCAP measures.
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Conclusions: The eCAP latency appeared to have predictive
value for a non-linguistic hearing outcome. We argue that
speech perception is harder to predict from eCAP measures
because of cognitive factors involved.

Non-invasive monitoring of intracranial pressure
changes: utilizing otoacoustic emissions

Sharma Y.}, Botti T.2, Cerini L.2, Lucertini M.>, Minniti T.},
Moleti A.}, Russo A.!, Sanjust E2, Sisto R.2

! Physics Department, University of Roma Tor Vergata, Roma,
Italy

2 DIMEILA INAIL Monte Porzio Catone (RM), Italy

? Italian Air Force, Pratica di Mare (RM), Italy

Introduction: Invasive techniques for objectively measuring
intracranial pressure (ICP) pose significant risks including in-
fection, intracerebral hemorrhage, and brain injury (Maniker
et al., 2006; Wolfe and Torbey, 2009; Scheithauer et al., 2009).
Otoacoustic emissions (OAEs) provide non-invasive indica-
tors of ICP changes, as the OAE phase reflects middle ear
transmission, which is influenced by ICP via its connection
to intracochlear pressure. A calibration of the technique is
based on the ICP and OAE phase data collected by Buki et al.
(1996) in patients undergoing controlled ICP changes during
neurosurgery. Forward pressure level (FPL) calibration pro-
vides additional insight into middle ear transmission, com-
plementing and validating OAE phase measurements.

Material and methods: Five International Space Station (ISS)
normal-hearing astronauts were tested for distortion product
otoacoustic emissions (DPOAEs) pre-flight, in microgravi-
ty in-flight conditions, and post-flight. Ground experiments
were conducted involving 20 young volunteers, who were
DPOAE tested in different body postures. The DPOAE re-
sponse was time-frequency filtered (Moleti et al., 2012) to
unmix the distortion and reflection components. The FPL
calibration data provided, as a byproduct, a direct estimate
of the load impedance measured in the ear canal, which is
related to the middle ear reflectance.

Results: Systematic changes associated with microgravity and
postural changes were observed for all considered physical
quantities, with the DPOAE phase generally yielding the best
results. Although physical quantities such as reflectance and
load impedance are more directly related to ICP changes than
the OAE phase, their numerical evaluation may be more dif-
ficult, because it involves ratios between complex quantities
that are very sensitive to phase uncertainties.

Conclusions: DPOAE measurements with FPL calibration
and component unmixing provide effective non-invasive in-
dicators of ICP changes. Future research directions include
applications in Glaucoma patients and absolute calibration
in neural surgery environments for several types of clinical
population such as hydrocephalus and intracranial tumor.
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Overexpression of Serpine2 promotes trans
differentiation of Lgr5+ progenitors into hair cells in the
neonatal mouse cochlea

Xiao H.

School of Life Science and Technology, Advanced Institute for Life
and Health, Southeast University, China

Lgr5+ progenitors in neonatal mouse cochlea have the ability
to regenerate hair cells (HCs) by directly transdifferentiation
or mitotic regeneration, which could be induced by sever-
al genes and pathways. However, the regeneration ability of
Lgr5+ progenitors is still limited in neonatal mice and is al-
most lost in adults. Considering HC regeneration is a com-
plicated process involving lots of genes and pathways, it is
necessary to find more key genes which could induce the pro-
liferation and differentiation of Lgr5+ progenitors to promote
HC regeneration. Here, we conjoint analysis our three pre-
vious RNA-seq data: Lgr5+ progenitors in the apical (ALPs)
and basal of mouse cochlea (BLPs), neomycin-treated Lgr5+
progenitors (NLPs) and untreated Lgr5+ progenitors (ULPs),
Lgr5+ progenitors and Lgr5-supporting cells (SCs), screened
novel genes which we further explored their effects on the
proliferation ability of Lgr5+ progenitors by sphere assay in
vitro. We found that knockdown of Serpine2 inhibit only the
proliferation of Lgr5+ progenitors. Serpine2, a member of
the Serpins family, is involved in proliferation of various tu-
mor cells in breast, pancreas and other organs. Our in vitro
experiment data showed that Serpine2 may be also involved
in the regulation of proliferation and differentiation of Lgr5+
progenitors. Here we studied the roles of Serpine2 in HC re-
generation in vivo. We found that Serpine2 conditional over-
expression (cOE) in Lgr5+ progenitors induced the number
of ectopic HCs, especially inner HCs (IHCs) at postnatal day
(P)7. Lineage tracing assay showed that these ectopic HCs are
probably originated from Lgr5+ progenitors through direct
trans-differentiation. Together, our data suggest that Serpine2
exerts a functional effect during the development of mouse
cochlea, and may participate in the regulation of HC regen-
eration from supporting cells (SCs) and Lgr5+ progenitors
in the neonatal mouse cochlea.

Refining rodent cochlear explant models for screening
therapeutic drugs against ototoxicity

Souchal M.', Coyat C."?, Toupet K.!, Pucheu S.!, Naert G.!

! Cilcare SAS, Montpellier, France
? Cilcare Inc, Lexington, MA, USA

Ototoxicity is defined as damage to the inner ear, targeting
cochlear and vestibular structures and sensory function, due
to exposure to certain pharmaceuticals or chemicals. Drug
classes most associated with ototoxicity include antibiotics,
such as aminoglycosides and platinum-based chemothera-
peutic agents (cisplatin). Although ototoxicity mechanisms
of action are not fully elucidated, much progress has been
made in identifying otoprotective solutions and/or drug re-
placement with reduced or no ototoxicity. There are ongoing
efforts to get alternative tests and techniques to the in vivo
tests, to predict early in the development the ototoxicity risk,
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in a rapid manner and reduce the number of animals used
for in vivo tests.

Cochlear explants in neonatal rodents are an organotypic cul-
ture of the immature cochlea, facilitating the presentation of
organized cellular structures within the inner ear, which are
otherwise hard-to-access.The objective of this study was to
develop the most accurate ototoxic ex vivo model, using rat
and mice cochlear explants. The technical challenges are pre-
sented and discussed.

We worked on the different components of the explant to pro-
vide the most relevant and reliable method to analyze drug
ototoxic effects on the rodent cochlear explants: (1) the pa-
rameters characterizing the explant model: age of the pups,
composition of culture medium, dissection method, ototoxic
reference drug dose, duration of drug exposure and culture
period. (2) the markers to visualize the various structures of
the cochlea, such as hair cells, supporting cells, fibers, and
neurons. (3) the method of image acquisition using a laser
scanning confocal microscope and the histological analysis
methods based on a qualitative and quantitative assessment
of hair cells (scoring of hair cell organization and counting
of hair cell numbers).

The development of reliable and consistent rodent explant cul-
tures provides significant advantages for investigating drug
mechanisms of ototoxicity and developing novel therapies.
Preclinical testing is a critical phase in new drug develop-
ment, making it essential to continually refine and expand
tools, including in vivo and in vitro models, to advance the
progress of new treatments. Ultimately, these efforts contrib-
ute to reducing the burden of drug-induced hearing loss in
clinical practice.

Sex-dependent expression of glutamate receptors in the
developing murine organ of Corti

Domarecka E., Olze H., Szczepek A.].

Department of Otorhinolaryngology; Head and Neck Surgery;
Berlin Institute of Health, Charité-Universititsmedizin Berlin,
Corporate Member of Freie Universitit Berlin, Humboldt-
Universitit zu Berlin, Germany

Introduction: In rodents, synaptic connections between inner
hair cells (IHC) and type I spiral ganglion neurons (SGN) un-
dergo extensive functional and structural changes before the
onset of hearing (around postnatal day P12). Each synapse
comprises the presynaptic ribbons containing the structur-
al cytomatrix protein Ribeye and the postsynaptic gluta-
mate receptors on the peripheral afferent fibers. The major
excitatory neurotransmitter glutamate signals primarily via
AMPA-type receptors. AMPARs are heterotetramers made
up of GluA1-4 subunits. It has been shown that in the de-
veloping cochlea, the GluR3 subunit is essential for the right
assembly of AMPAR GluR2 and GluR2 subunits on cochle-
ar afferent synapses and for presynaptic ribbon morphology.
Interestingly, only adult female GluR3-KO mice present ear-
ly-onset hearing loss (1,2). Also, studies in rats showed that
changes in AMPA receptor subunits due to neonatal handling
differ for males and females (3). Based on that, the objective
was to determine whether sex influences the expression or
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localization of AMPA receptor subunits (GluR1-4) in coch-
lear synapses in young animals.

Material and methods: Cochlear explants were prepared
from young (P4-5) C57BL/6 mice of both sexes. An enzyme-
linked immunosorbent assay (ELISA) was used to measure
the concentration of glutamate receptors (GluR1-GluR4) in
tissue lysates. Semiquantitative RT-PCR was used to com-
pare GluR2 gene expression. Immunofluorescence and flu-
orescence or confocal microscopy were used to determine
GluR2 protein localization and morphology. Statistical anal-
yses were performed using IBM SPSS.

Results: Glutamate receptor 2 (GluR2) protein levels in the
organ of Corti lysates differed between male and female
mice, with males having higher GIuR2 protein levels than
females (p < 0.05) and at the gene expression level (p <0.01).
Interestingly, other AMPA subunits (GluR1, GluR3, and
GluR4) did not differ between the sexes. In addition, sex-
specific differences in synapse morphology were detected by
immunofluorescence.

Conclusions: Our study demonstrates that sex-related differ-
ences in GluR2 exist in the developing cochlea. It remains to
be established whether sex-dependent differences in AMPA
composition can also be detected in adult animals and how
they affect hearing. The results obtained confirm that sex
should be considered a biological variable in ex vivo studies.

(CNVs). Segregation analysis was performed using Sanger
sequencing and quantitative real-time PCR. Selected novel
variants probably affecting splicing were tested using mini-
gene assay.

Results: The cause of USH2 was identified in all patients. In
98% (54/55) of the individuals, causative variants were located
in the USH2A gene. In one patient (2%; 1/55), a new homozy-
gous terminating variant in the ADGRVI gene was identified.
In the USH2A gene, 42 different genetic variants were identi-
fied (28 known and 14 novel). A total of 74% (31/42) of the
variants were deleterious. The most frequently identified ge-
netic cause of USH2 was ¢.11864G>A (p.Trp3955Ter), pre-
sent in 29 of the studied alleles. Deletions of exons 22-24 (17
alleles) and 10-11 (8 alleles) of the USH2A gene also played
a significant role in USH2 development.

Conclusions: The obtained results characterize the muta-
tion profile responsible for USH2 development in Polish pa-
tients. Genetic testing of USH2 patients should be based on
high-throughput tests that enable simultaneous identification
of SNVs and CNVs. The gathered data can serve as a start-
ing point for further genotype-phenotype association analy-
ses and may, in the future, identify patient groups that could
benefit from developing molecular and cellular therapies.

Grant: 2020/37/N/NZ5/02800 National Science Centre,
Poland.

Success of targeted sequencing in the search for genetic
causes of Usher syndrome type 2
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2 Department of Human Genetics, Radboud University Medical
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Introduction: Usher syndrome is one of the most common
rare diseases in which both hearing impairment and retinitis
pigmentosa coexist. Currently, four types of Usher syndrome
are known. They are genetically heterogenous and clinical-
ly characterized based on the age of hearing loss and retini-
tis pigmentosa diagnosis, the degree of hearing loss and the
presence of vestibular dysfunction. The aim of the study was
to characterize the genetic background of Usher syndrome
type 2 (USH2) in a group of Polish patients.

Material and methods: A total of 55 patients with a clini-
cal diagnosis of USH2 were recruited to the study. The DNA
was isolated from peripheral blood and genetic testing was
performed using three different methods: real-time geno-
typing with TagMan probes, high-throughput sequencing of
the USH2A gene, and a panel of 237 hearing-related genes.
Bioinformatic and expert analysis focused on the search for
single nucleotide variants (SNVs) and copy number variants
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Tailoring AAV vectors for gene therapy of inner ear
disorders by directed evolution
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Germany

Hearing loss (HL) affects approximately 20% of the global
population and the treatments are currently limited to hear-
ing aids and cochlea implants. Gene therapy offers a possi-
bility to prevent or even cure HL. With the aim to optimize
the adeno-associated virus (AAV) vector system for inner ear
directed gene therapy, we generated AAV peptide display li-
braries based on the AAV1, AAV2 and AAV6 capsid back-
bones. All libraries present random unique 7-mer peptide
inserts at variable region VIII of the capsid protein with di-
versities ranging from 80,000-622,000 (maximum likelihood
estimate, MLE). We conducted high-throughput in vivo selec-
tion screens in the inner ear of adult mice, testing alternative
administration routes that demand overcoming robust bio-
logical barriers. The target tissue is the organ of Corti with
its crucial mechanosensory hair cells (HCs) of the inner ear,
the supporting cells (SCs) and the underlying spiral gangli-
on neurones (SGNs). Distinct variants were found to be ac-
cumulated to up to 5% for AAV2-based variants and up to
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2.5% for AAV1-derived capsids after two rounds of in vivo
selection. Interestingly, some top variants were already ac-
cumulated for the AAV6 KO library after only one selection
round. A total of 20 top candidates from the AAV1 and AAV2
libraries were produced as vectors. They outperform the pa-
rental serotypes and show diverse expression patterns in the
adult mouse cochlea. Three promising variants had the abil-
ity to transduce outer HCs, a challenging cell type to infect,
and many also targeted inner HCs. Almost half of the vari-
ants also strongly transduced all layers of the stria vascula-
ris — a viable target tissue for the treatment of age-related HL
- and the SGNs were targeted, with 4 variants being high-
ly specific for SGNs. In addition, different intensities of flu-
orescent transgene expression suggest differential efficacy in
delivery or vector uncoating within the cells of the inner ear.
Thus, we report on a set of promising new AAV variants with
distinct features developed by in vivo high throughput selec-
tion screens for improving inner ear directed gene therapy.

The cargos and potential roles of small extracellular
vesicles derived from mouse cochlear explants in
a model of cisplatin-induced ototoxicity
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Life Science, Beijjing Institute of Technology; Bejjing, China

* Department of Otolaryngology Head and Neck Surgery, Sichuan
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Electronic Science and Technology of China, Chengdu, China
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Introduction: Cisplatin, an effective chemotherapeutic agent,
is clinically limited by its side effects, such as high incidence
rate of ototoxicity and renal toxicity. Small extracellular ves-
icles (sEVs) are derived from almost all cells, and they can
reflect the physiological and pathological information of par-
ent cells and participate in intercellular communication in the
progression of pathologies. However, the cargos and roles of
sEVs in the progression of cisplatin-induced ototoxicity are
unclear until now.

Material and methods: Here, we established an ex vivo mod-
el of neonatal mouse cochlea to scrutinize cisplatin-induced
ototoxicity. And then, we isolated sEV from the condition-
al culture medium of cisplatin-induced cochlea explants and
characterized it by TEM, NTA, and western blotting. Next,
we used small RNA sequencing and label free LC-MS/MS to
profile the miRNAs and proteins cargos of sEV, respectively.

Results: The small RNA sequencing of sEVs indicated that 74
microRNAs (miRNAs) were significantly upregulated and 9
miRNAs were downregulated in cisplatin-treated group (re-
ferred to as Cis-sEV) compared with control group (referred
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to as Ctrl-sEV). Furthermore, the targets of these differen-
tial expressed miRNAs were mainly enriched in apoptosis,
inflammation, and other cell damage-associated signaling
pathways, which suggested that the miRNAs of sEV's proba-
bly participate in signal communication in cisplatin-induced
damage. On the other hand, LC-MS/MS analysis of SEV sug-
gested that there is an obviously differentiation between Cis-
sEV and Ctrl-sEV, with 90 proteins being upregulated and
150 proteins being downregulated, including numerous pro-
teins that could regulate the damage response. Furthermore,
we found 3 proteins (Cltc, Cct2, and Hspa8), which are po-
tentially involved in protein homeostasis and autophagy, are
verified to be up-regulated in Cis-sEV compared to Ctrl-sEV
rather than in cisplatin-damaged cochlear tissue lysis, indi-
cating that they are likely involved in important and specific
intercellular communication mechanisms underlying cispl-
atin-induced ototoxicity via sEVs, rather than involving in
intracellular roles.

Conclusions: Overall, this investigation offers an innovative
and promising perspective on the molecular changes that oc-
cur in cochlear cells in response to cisplatin, which could lead
to a better understanding of ototoxicity and potential targets
for therapeutic intervention.

The cross-rode between oxidative stress and
inflammation in the auditory system damage: role of via
glial cell and macrophages activation in ototoxicity
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2 Department of Neuroscience, Unit of Audiology; University of
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? Department of Head and Neck Surgery; Universita Cattolica del
Sacro Cuore, Rome, Italy

Redox imbalance and inflammation have been proposed as
the principal mechanisms of damage in the auditory system,
resulting in functional alterations and hearing loss. Microglia
and astrocytes play a crucial role in mediating oxidative/in-
flammatory injury in the central nervous system; however,
the role of glial cells in the auditory damage is still elusive. In
this study, we investigated glial-mediated responses to tox-
ic injury in peripheral and central structures of the auditory
pathway, i.e., the cochlea and the auditory cortex (ACx), in
rats exposed to styrene, a volatile compound with well-known
oto/neurotoxic properties. To this aim, male adult Wistar rats
were treated with styrene (400 mg/kg daily for 3 weeks, 5/
days a week). At the end of treatment (day 21) electrophys-
iological, morphological, immunofluorescence and molecu-
lar analyses were performed in both the cochlea and in ACx
samples to evaluate the mechanisms underlying styrene-in-
duced oto/neurotoxicity in the auditory system. We showed
that the oto/neurotoxic insult induced by styrene increases
oxidative stress in both cochlea and ACx. This was associat-
ed with macrophages and glial cell activation, increased ex-
pression of inflammatory markers (i.e., pro-inflammatory
cytokines and chemokine receptors) and alterations in con-
nexin (Cxs) and pannexin (Panx) expression, likely respon-
sible for dysregulation of the microglia/astrocyte network.
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Specifically, we found downregulation of Cx26 and Cx30 in
the cochlea, and high level of Cx43 and Panxl1 in the ACx.
Collectively, our results provide novel evidence on the role of
immune and glial cell activation in the oxidative/inflammato-
ry damage induced by styrene in the auditory system at both
peripheral and central levels, also involving alterations of gap
junction networks. Our data suggest that targeting glial cells
and connexin/pannexin expression might be useful to atten-
uate oxidative/inflammatory damage in the auditory system.

The current knowledge of spiral ligament fibrocytes in
cell culture: a systematic review

Sels L."?, Verdoodt D."?, Ponsaerts P.2, Van Rompaey V."*

! Resonant labs Antwerp, Department of Translational
Neurosciences, Faculty of Medicine and Health Sciences,
University of Antwerp, Belgium

2 Laboratory of Experimental Hematology, Vaccine and Infectious
Disease Institute (Vaxinfectio), University of Antwerp, Belgium

? Department of Otorhinolaryngology and Head & Neck Surgery;
Antwerp University Hospital, Antwerp, Belgium

The spiral ligament in the cochlea has been suggested to play
a significant role in the pathophysiology of sensorineural
hearing loss (SNHL). Positioned between the stria vascula-
ris and the bony otic capsule, this structure contains spiral
ligament fibrocytes (SLFs), categorized into five main types
based on their structural characteristics, immunostaining
patterns and location within the spiral ligament. Together
with the stria vascularis, the SLFs maintain a positive endo-
cochlear potential (EP) in the scala media via K+ recycling,
which is an essential component in the transduction mecha-
nism of the auditory pathway. It has also been suggested that
the SLFs contribute to the cochlear immune response, gluta-
mate homeostasis and cochlear blood flow regulation. Spiral
ligament damage disrupts K+ recycling, reducing the EP and
subsequently causing SNHL. Despite their pivotal roles, a lot
remains unknown about the SLFs. Therefore, this systematic
review about SLFs in cell culture could give an overview of
the current state of the art, providing a basis for future stud-
ies trying to investigate those cells in vitro.

A literature search was performed using PubMed, Web of
Science and Scopus taking into account the PRISMA guide-
lines. Twenty-five studies were included in this review that
report on SLFs in cell culture. The differences in species, sex,
age, method of culturing and used antibodies for immunohis-
tochemistry are discussed. The majority of these studies cul-
tured spiral ligament fragments onto type I collagen-coated
petri dishes; a protocol described by Gratton et al. in 1996,
while some recent studies are focussing more on growing
these cells in a 3D environment.

A better understanding of the currently published methods
will help us to optimize fibrocyte culture techniques, thereby
allowing to investigate a variety of possibilities that can sig-
nificantly increase our knowledge about SLFs. Among oth-
ers, these possibilities include to discover their functional
characteristics, such as growth patterns, protein expression
profiles and ion channel physiology, to expose the cells to hy-
poxia or other toxic conditions and to assess the resulting ef-
fects, to genetically modify SLFs, to explore drug repurposing
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possibilities, to evaluate potential therapies for SNHL and to
investigate their capability as a source for transplantable cells.

The efficacy of the chemical chaperone TUDCA in the
preservation of cochlear ribbon synapses

Lankinen T., Ikiheimo K., Leinonen S., Pirvola U.

Molecular and Integrative Biosciences Research Program,
University of Helsinki, Finland

The ageing process, gene mutations and noise exposure cause
two types of hearing problem arising from pathology in the
cochlea; the hair cell damage causing elevation of hearing
thresholds and the damage of the ribbon synapses between
inner hair cells (IHCs) and spiral ganglion neurons causing
an auditory neuropathy syndrome, called hidden hearing loss.
Tauroursodeoxycholic acid (TUDCA), a derivative of natu-
rally occurring bile acids, can antagonize protein misfolding
and endoplasmic reticulum stress as well as mitochondrial
oxidative stress. As both these stress response mechanisms
are thought to be involved in cochlear pathology, our aim
here was to find out if TUDCA protects against progressive
hearing loss and acute noise-induced hearing loss. We used
the ICR (CD-1) mouse strain as a model of early-onset pro-
gressive hearing loss. We injected these mice with TUDCA
(250 mg/kg sc) or PBS, twice per week, from 3 to 9 weeks
of age, and then assessed the outcome. We exposed CBA/Ca
mice to noise; 98 dB SPL, 8-16 kHz frequency band for 2 h.
These mice received TUDCA injections on two consecutive
days before the exposure and thereafter daily for 7 days, af-
ter which the outcome was analyzed. We recorded ABRs and
quantified hair cell and ribbon synapse (presynaptic ribbons)
numbers within the 8-to-32 kHz cochlear frequency region.
CtBP2 immunostaining marked presynaptic ribbons and
CtBP2/Homer 1 double-staining pairing of pre- and postsyn-
aptic components. Compared to PBS-treated mice, systemic
TUDCA administration did not prevent ABR threshold eleva-
tions or OHC loss in either trauma model. However, TUDCA
conferred statistically significant protection against IHC syn-
aptopathy in the ICR mouse model of progressive hearing loss.
The concomitant robust OHC loss in these mice prevented us
from assessing the physiological relevance of synapse pres-
ervation (ABR wave I amplitude). Quantification revealed a
preservation of ~20% of synapses per IHC across the frequen-
cy region studied. A recent publication showed using physi-
ological and behavioral measures that this extent of synapse
preservation improves auditory temporal processing in mice
(Ji et al., 2024). Together, our results suggest that TUDCA
pharmacotherapy can slow down progressive ribbon syn-
apse loss, but not synaptopathy following acute noise trauma.
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The human iPSC-derived inner ear organoid as a model
for ototoxicity studies

Lucassen A.W.A."?, van den Boogaard W.M.C."?, Fousert E.?,
de Groot J.C.M.].}, van Benthem PP.G.!, van der Valk W.H."%,
Locher H."?

! Department of Otorhinolaryngology and Head & Neck Surgery,
Leiden University Medical Center, Leiden, the Netherlands

2 The Novo Nordisk Foundation Center for Stem Cell Medicine
(reNEW), Leiden University Medical Center, Leiden, the
Netherlands

Drug treatment with platinum-based chemotherapeutics or
aminoglycoside antibiotics can lead to inner ear damage and
subsequent hearing loss and balance disorders. Studies on
ototoxicity are limited to investigations in animal models or
rare and difficult to acquire human inner ear tissues. In this
pioneering study, we use human induced pluripotent stem
cell (hiPSC)-derived inner ear organoids (IEOs) as a model
system to investigate ototoxic effects of these drugs on hu-
man inner ear cells. Here, we aim to validate the IEOs as an
effective model for assessing the ototoxic effects of cisplatin
and gentamicin in cultured human inner ear cells. IEOs were
generated from hiPSCs and cut into 200 pum thick vibrato-
me sections at day 75 to access the hair-cell-containing inner
ear vesicles within the cultured aggregates. The ototoxic com-
pounds were applied for 24 hours (cisplatin doses 0-100 pM;
gentamicin doses 0-1000 uM) and sections were kept in cul-
ture for up to one week. Evaluation techniques included H&E
and immunofluorescent staining for assessing cell morphol-
ogy, protein expression and apoptosis, along with cytotox-
icity assays and qPCR to analyse stress signalling and cell
death pathways.

Cisplatin-treated samples showed loss of hair cells, neurons,
and structural integrity of the otic vesicle in the first few
days after treatment, with apoptotic nuclei in the otic epi-
thelium and its direct surroundings. Hereafter, recovery of
architecture and hair cells was observed, potentially indicat-
ing that intrinsic regenerative capacities are present in the
current model. Gentamicin affected the structural integri-
ty of the vesicle with loss of cell polarity and collapse. Also,
neuronal damage and extruded cells in the lumen were ob-
served. Together, these results validate the human inner ear
organoid as a model for assessing ototoxicity. Ongoing work
focusses on the time course and the ototoxic effects of both
compounds by RNA expression analysis of cell stress and
cell death mechanisms. This study underscores the potential
translational impact of the human inner ear organoid mod-
el for ototoxicity.
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The influence of operating point position in nonlinear
undamping feedback force on amplitude minima in
simulated distortion-product otoacoustic emissions

Vencovsky V.!, Vetesnik A.>

! Department of Radio Engineering, Czech Tecnical University in
Prague, Czechia

? Department of Nuclear Chemistry; Czech Techical University in
Prague, Czechia

Furosemide has been demonstrated to reduce the endococh-
lear potential and influence distortion-product otoacoustic
emissions (DPOAEs). Lukashkin et al. (2002) administered
furosemide intraperitoneally in guinea pigs and presented
cubic (2f1-f2) and quadratic (f2-f1) DPOAE input/output
(I/0) functions recorded both before injecting furosemide
and within the first half-hour after the injection. Over time,
the amplitude of the cubic DPOAE I/O at L1 intensities up to
about 50 dB SPL decreased. The cubic I/O function exhibited
an amplitude minimum (notch) at L1 near 60 dB SPL, and the
position of this notch shifted towards higher intensities, be-
coming shallower with increasing time. At the highest inten-
sities, the cubic DPOAEs seemed to be almost unaffected by
furosemide. Quadrature DPOAEs appeared to be less affect-
ed at intensities up to about 60 dB SPL, but the notch posi-
tion shifted from L1 of about 50 dB SPL to about 70 dB SPL.
We adjusted the operating point (OP) in the sigmoidal non-
linearity used to transform undamping feedback force in a
cochlear model. The sigmoidal nonlinearity is proportional
to the 2nd-order Boltzmann function, which is asymmetrical
with the default position of the operating point at the inflec-
tion point. We observed that the OP position affected notches
in simulated cubic DPOAE I/O functions only when shift-
ed into the center of the sigmoidal function. In this case, the
DPOAE amplitude was most reduced at the lowest intensi-
ties, and the effect of OP position was diminished at the high-
est intensities. Additionally, the notch shifted towards higher
intensities. Simulated quadrature DPOAEs also contained a
notch, and the OP point affected its position more than for
the cubic DPOAEs. Direct changes to the undamping feed-
back force did not cause any change in the notch position.
All these results indicate some agreement with the effects
observed by Lukashkin et al. (2002) after the application of
furosemide. However, the results should be interpreted cau-
tiously due to several reasons. Furosemide affects the endo-
cochlear potential, which cannot be directly simulated in our
cochlear model. We can only adjust the operating point in the
nonlinear function or the gain in the undamping feedback
force. Additionally, the used cochlear model was designed to
simulate the human cochlea, and the notch in DPOAE am-
plitude is located differently in L1, L2 space than in the case
of the guinea pig. Lukashkin et al. measured DPOAE I/O
for L1=L2 +10 dB SPL. We would miss the notch in sim-
ulated cubic DPOAE:s for this level condition. Despite that,
it is interesting that the notch position is affected only if the
OP position is changed towards the center of the sigmoid.
These simulations would provide a different explanation for
the change in the OP position after furosemide application
than that provided in recent studies applying furosemide in-
travenously (e.g., Strimbu et al., 2020).

Supported by the project 23-07621] of the Czech Science
Foundation (GACR).
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The research of development of a miniature DNA base
editor for DFNBY gene therapy in hereditary deafness

Zhang Z.', Wang M.}, Zhang L.!, Li N., Sun Q.!, Lu Y.},
Zhou Y.}, Tan E!, Qi J.'*%, Chai R.}*®
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Hospital, School of Life Sciences and Technology; Advanced
Institute for Life and Health, Jiangsu Province High-Tech Key
Laboratory for Bio-Medical Research, Southeast University,
Nanjing, China

2 Co-Innovation Center of Neuroregeneration, Nantong University,
Nantong, China

? Department of Neurology, Aerospace Center Hospital, School of
Life Science, Bejjing Institute of Technology; Bejjing, China

* Department of Otolaryngology Head and Neck Surgery, Sichuan
Provincial People’s Hospital, School of Medicine, University of
Electronic Science and Technology of China, Chengdu, China

* Southeast University Shenzhen Research Institute, Shenzhen,
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OTOFERLIN (OTOF) mutation can lead to autosomal re-
cessive deafness 9 (DFNB9), which is the main cause of au-
ditory neuropathy. Delivering the exogenous OTOF gene
through double AAV can restore the hearing of genetically
deaf DFNB9 mice, but the efficacy of the gene replacement
therapy may diminish over time, and it cannot really solve
the deafness caused by the gene mutation. In contrast, gene
editing can correct mutant genes at the DNA level and fun-
damentally treat hereditary deafness. We screened and de-
veloped a mini-base editor and optimised AAV expression
elements for constructing a single AAV delivery base edit-
ing system to cure gene therapy of genetic deafness caused
by OTOF point mutations. Specifically, we constructed mi-
ni-ABE and sgRNA (SchABE8e-sgRNA4) on a single AAV
vector and screened out small promoter and short-polyA el-
ements for the expression of the base editing system. At the
same time, we found that targeting the promoter for expres-
sion in the reverse direction achieving a more efficient cleav-
age efficiency. We successfully restored the hearing of OTOF
point mutant mice to WT level and maintained it for a long
time by delivering the single-base editing system to the inner
ear using AAV serotype-Anc80, which is capable of efficiently
transducing inner ear hair cells. Subsequently, we evaluated
the safety of the SchABE8e-sgRNA4 single-base editing sys-
tem in WT mice and found that both vestibular and hearing
levels were maintained at the WT level, indicating the safety
of our delivery system. Taken together, these findings pro-
vide new strategies for treating DFNB9 in the clinic and lay
the theoretical and experimental foundation for the clinical
translation of gene editing therapy for deafness.
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The role of post-translational modifications of
microtubules in the inner ear: insights from knockout
mice studies

Bieniussa L.!, Kahraman B.!, Magiera M.M.?, Janke C.2,
Rak K.!

! University Hospital Wiirzburg, Department of Oto-Rhino-
Laryngology, Plastic, Aesthetic and Reconstructive Head and
Neck Surgery, Wiirzburg, Germany

2 Institut Curie, Université Paris-Saclay, Orsay, France

Microtubules, an essential component of the eukaryotic cy-
toskeleton, perform a variety of essential functions within
cells. One mechanism that regulates these diverse functions
is the post-translational modification of tubulin. Although
these modifications have been known for decades, research
into them has only really taken off in the last few years. In
particular, the impact and importance of these modifications
in the sensory epithelia of the inner ear have only been mar-
ginally explored. With the discovery of tubulin-modifying en-
zymes and the availability of knockout mice, it is now possible
to investigate the biological functions and molecular mecha-
nisms underlying these modifications. Here, we have initiated
an immunohistochemical study of the effects of post-trans-
lational modification knockout mice in the inner ear. Our
results indicate that the absence or accumulation of polyglu-
tamylated tubulin leads to different morphological changes
in the mouse cochlea, whereas deacetylation results in a de-
fective epithelium at an early age. A deeper understanding
of the specific post-translational modification and the coch-
lea may provide new insights into the mechanisms of hear-
ing and potential therapeutic approaches for the treatment
of hearing disorders.

Tmprss3 expression in the mouse cochlea
Arora R., Pifkové L., Deutschmann A., Reisinger E.

Department of Otolaryngology — Head & Neck Surgery, Hearing
Research Center, Faculty of Medicine, University of Tiibingen,
Germany

Cochlear implants (CIs) have shown variable performance
outcomes in DFNB8/10 patients carrying pathogenic mu-
tations in TMPRSS3. A study by Shearer et al. (2018) which
involved electrical stimulation of spiral ganglion neurons
(SGNs) in CI patients revealed on average smaller electrical
responses in DFNB8/10 patients compared to ones with other
forms of deafness, indicating a loss of SGN function. Another
study by Fasquelle et al. (2011) had previously shown a loss
of more than half of SGN cell bodies in Rosenthal’s canal,
observed between days 90 and 180, in a mouse model with
a premature stop codon in Tmprss3 (Y206X). These observa-
tions indicate a loss of TMPRSS3 function-mediated damage
to the SGN health which could plausibly explain such varia-
bility in CI performance. However, the cell-type specific ex-
pression and function of Tmprss3 in the cellular mosaic of
Rosenthal’s canal remains unclear. Combining an RNAscope
assay for mRNA localization with immunohistochemistry, we
semi-quantitatively assessed the cell-type specific expression
levels of Timprss3 mRNA in the murine cochlea, with a fo-
cus on SGN subtypes. We also performed an RT-qPCR assay
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with TagMan probes on RNA isolated from mouse brainstem,
and a direct few-cell RT-qPCR on the cells of the organ of
Corti and SGNs. We report a strong expression of Timprss3
mRNA and protein in the cells of the organ of Corti with
RNAscope, immunohistochemistry, and few-cell RT-qPCR.
In addition, Tmprss3 expression was detected in specific cells
of the stria vascularis. Interestingly, in Rosenthal’s canal, we
observed Tmprss3 mRNA enrichment in the type-II SGNs
with RNAscope and immunohistochemistry in the mature
cochlea. Hardly any Tmprss3 transcripts were detected in
the brainstem. Few-cell RT-qPCR revealed no abundance of
Tmprss3 mRNA transcripts in type-I SGNs. In conclusion,
in contrast to our expectation, type-I SGNs do not or hard-
ly express Tmprss3. Thus, the data suggest an indirect role of
TMPRSS3 for the health and function of SGNs, which will
need to be studied further to understand varying CI perfor-
mance in DFNB8/10 patients.

Treatment following triple-AAV delivery in mature
murine model of human CDH23-associated hearing loss

Yoshimura H., Yokota S., Takumi Y.

Department of Otorhinolaryngology — Head and Neck Surgery;
Shinshu University School of Medicine, Nagano, Japan

Gene therapy holds promise as a curative therapeutic meth-
od with the potential to suppress HL progression or restore
hearing function, something unattainable with hearing aids
or cochlear implants. To expand the scope of target genes for
cochlear gene therapy, patients with progressive genetic hear-
ing loss (HL) are considered suitable candidates in terms of
the therapeutic time window for gene therapy intervention.
CDH23 is a common deafness gene that can cause either
Usher syndrome type 1D or non-syndromic HL (DFNB12).
The phenotype range of DENBI12 is variable from congen-
ital to adult-onset HL. Adult-onset, CDH23-related HL is
progressive, beginning as high-frequency HL that gradual-
ly affects low frequencies, ultimately resulting in HL across
all frequencies. While this gene is an ideal target for coch-
lear gene therapy, the size of the CDH23 coding sequence is
10.1 kb; therefore, the development of gene therapy using
triple adeno-associated virus (AAV) vectors is necessary. In
this study we aimed to investigate the transduction efficien-
cy of triple-AAV.
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This study aimed to investigate the transduction efficiency of
triple AAV vectors in the cochleae of adult mice, focusing on
large-gene-associated HL. Additionally, we sought to evaluate
the feasibility of cochlear gene therapy in a mouse model of
human CDH23-mediated HL using the triple AAV approach.
To create a reporter protein, we fused EGFP to mCherry,
which was then divided into three parts, each packaged in a
separate AAV2/2 vector. Four weeks after co-injecting the tri-
ple AAV vectors into 4-5-week-old mice, we assessed trans-
duction efficiency. We found that up to 5.9% of inner hair
cells were positive for both EGFP and mCherry. Subsequently,
we developed triple CDH23-AAV vectors for therapeutic pur-
poses. After administering these vectors to 4- to 5-week-old
C57/BL6 mice, we conducted auditory tests and immunohis-
tochemistry studies over a period of 60 weeks. Co-injecting
triple CDH23-AAVs did not alter auditory function or lead
to hair cell degeneration. In conclusion, this study confirms
the feasibility of the triple-AAV approach for cochlear gene
delivery. While this strategy did not produce any treatment
effects, our findings suggest that large deafness genes could
be potential future targets for cochlear gene therapy.

Trichostatin A suppresses hearing loss by activating
HO-1 in an Alport syndrome model

Lee S., Cho H-H.

Department of Otolaryngology-Head and Neck Surgery, Chonnam
National University Medical School and Chonnam National
University Hospital, Gwangju, Korea

Alport syndrome (AS) is a genetic disorder, which is charac-
terized by mutations in type IV collagen, leading to kidney
and cochlea dysfunction and late-onset progressive hearing
loss. We investigated the effect of Trichostatin A (TSA), an
HDAC inhibitor, in an AS mouse model to assess its poten-
tial to inhibit hearing deterioration. Col4a3 knockout (KO)
mice were treated with TSA at 3 weeks of age and hear-
ing levels were measured using auditory brainstem response
(ABR). The results demonstrate that TSA treatment signifi-
cantly protects the hearing of KO mice compared to the un-
treated group. The TSA-treated group exhibited a reduction
in the levels of oxidative stress markers 4-HNE and 3NT,
along with a decrease in inflammatory cytokines, in both
the mouse cochlea and in vitro cell studies. TSA treatment
induced HO-1 signaling, which increased HO-1 levels and
contributed to the inhibition of oxidative stress and inflam-
matory cytokines. These findings suggest that TSA represents
a promising candidate molecule for mitigating the progres-
sion of hearing loss in AS.
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