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RESuUMO

Introducgéo: Neuropatia auditiva € determinada por uma alteragdo na fungcédo das
células ciliadas internas ou do nervo auditivo e pode ser causada por
uma série de fatores etioldgicos, entre eles, mutacdes no gene OTOF,
codificador da otoferlina, que age na fusao das vesiculas sinapticas das
CCl.

Objetivo: Descrever nosso primeiro caso de Neuropatia Auditiva causada por
mutacado no gene OTOF e discutir implicacfes clinicas deste diagndstico.

Relato: Crianca do sexo feminino com diagndstico de neuropatia auditiva feito
pela presenca de emissfes otoacUsticas e microfonismo coclear e
auséncia de respostas auditivas neurais, foi submetida a estudo genético
onde se evidenciou mutacdo 1552-1567dell6 no exon 15 do gene
OTOF.

Conclusdes: Apesar das dificuldades técnicas do rastreamento das mutagdes no gene
OTOF, o estabelecimento desta etiologia traz discussdes importantes
sobre 0os métodos de diagnéstico precoce da neuropatia auditiva e das
opcdes terapéuticas.
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SUMMARY

Introduction: Auditory neuropathy is due to a disorder of inner hair cells or of auditory
nerve function and can be associated with a number of etiological factors,
including mutations in the OTOF gene encoding otoferlin, that acts in IHC
synaptic vesicle fusion.



Objective: To describe our first auditory neuropathy case due to a gene OTOF
mutation, discussing the clinical implication of this diagnostic.

Case report: Female child with auditory neuropathy diagnosis due to otoacoustic
emissions and cochlear microphonics normal records and absence of
neural auditory function was submitted to a genetic study which
evidenced a 1552-1567del116 mutation in the 15 exon of the OTOF
gene.

Conclusions: In spite of technical difficulties to detection of the OTOF gene mutation,
this diagnosis leads to important discussion about the early diagnostic
methods of auditory neuropathy and therapeutic options.

Key words: hearing impairment, auditory neuropathy, genetic diagnosis.

INTRODUCTION

Hearing neuropathy is due to an alteration on hearing stimulus transport by any lesions of
internal ciliated cells of the hearing nerve or synapsis in them (1).

These patients clinically present pre or post-lingual hearing loss, from the most different
levels up to complete deafness, and they are normally distinguished as incompatible hearing
with tonal threshold.

Otoacoustic emissions and cochlear microphonism are present, making normal function
of external ciliated cells evident, while brainstem audiometry shows alterations from wave |
present even with tonal threshold changed (1). This neural implication is also showed by
absence of estapedial reflex and medial olivocochlear reflexes.

From etiological viewpoint, there are strong evidences of a genetic and/or inflamamtory
cause due to its association to sensorial and motor peripheral neuropathies, such as Charcot-
Marie-Tooth syndrome, Friedreich ataxia, Guillan Barré neuropathy. What occurs on hearing
system, on these cases can precede, in many years, the appearing of peripheral neuropathy.
Hyperbilirubinemia, premature conditon, anoxia are also considered risky situations to hearing
neuropathy development, especially to the cases of prelingual (2,3). Genetic mutations which
cause non-syndromic deafness of chromosome X or mitochondrial heredity (5) had also been
presented as etiological factor of hearing neuropathy.

Relations between hearing loss of neural type and mutations of OTOF gene were
established by the first time in 2003 by Varga and col (6), who identify four different mutations
on such gene as responsible for hearing neuropathy of recessive heredity in four Spaniard
families.

OTOF gene is responsible for codification of otoferlin (a type protein), which operates on
membrane transport, and though it has important role on synaptic vesicle fusion of internal
ciliated cells (6,8). It was first identified in 1996, on chromosome area 2p22-23 on members of a
Lebanese consanguine family with profound hearing loss of recessive heredity, what was not
described as neural, and despite the fact of being listed as one of the 16 genes involved on
prelingual non-syndromic hearing loss (Hereditary Hearing Loss home page,



www.uia.ac.be/dnalab/hhh), its specific relation with hearing neuropathy conditions had not
been previously determined (7).

In 2004, AUNAL1 gene was also identified. This one is responsible for post-lingual Hearing
Neuropathy conditions, of dominante autossomic heredity, on chromosome area 13q14-21 in an
American family (9).

The target of this study is to describe our first case of Hearing Neuropathy caused by
mutation on OTOF gene and discuss clinical implications of this diagnosis.

CASE REPORT

A girl family went to DERDIC/PUCSP in 2001, reporting that the girl did not speak. At that
time, she was 2 years old and had brainstem audiometry done from other institution which
pointed presence of bilateral profound sensorineural deafness and also indicated device
adaptation of sonorous amplification. The family denied pre, peri and neonatal antecedents and
believed the child reacted to strong intensity sounds.

The girl presented herself as shy during the examination and did not show any reaction to
sounds. The general and otorhinolaryngology physical exams were normal. In our institution,
the protocol of evaluation is composed by audiometric exam, by brainstem audiometry and by
otoacoustic emissions, and appoitment with neuropediatrician and genetic evaluation.

A new audiometry showed bilateral profound sensorineural hearing loss, with absence of
estapedial reflex and tympanometric curve type A in both ears. Brainstem audiometry was done
with dense and less dense clicks and, with frequency of stimuli of 3, 19.3 and 50 stimuli per
second. No wave was identified on higher intensity and there was no response alteration in
relation to changing on stimulus frequency, therefore, with alteration of clicks, equal images
occured on the record, typical feature of cochlear microphinism, up to 4 msec to left and up to 2
msec to right (1). Otoacoustic emissions by distortion product (2) and transient (3) were bilateral
and normal, what confirms hearing neuropathy diagnosis. Neuropediatric evaluation was
normal.

The routine genetic study had its start with mutation tests 35delG and 167delT on
Connexin 26 gene (GJB2), by the research of deletion- D13S1830 on Connexin 30 gene
(GJB6), and mutation test A1555G on gene of ribosomal RNA 12S on mitochondria DNA. All
these tests presented normal results. Because of hearing neuropathy condition, DNA of the
patient was submitted to SSCP technique (Single Strand Conformation Polymorphism), with the
purpose of screening mutations on diverse exons of OTOF gene. The migration standard of
exon 15 was altered and the sequency of the same exon showed the patient has a deletion of
16 base pairs, among nucleotides 1552-1567 (1552-1567del16).



The girl is under phonotherapy focusing oral language. During therapeutical process,
sonorous amplification devices with digital technology were adapted. In the beginning, it was
done tests with monoaural amplifications with variations of tested ears (10), however the girl
presented better performance with binaural adaptation. In relation to functinal use of hearing,
she recognizes everyday sounds and can detect speech only in quiet situations; she more
attentive to orofacial reading and vocalizes having few entonation variations, though with
communicative intentions. She also attends special school for children with hearing impairment
and has been easily learning body language.

DiscuUussION

A precocious or prelingual hearing neuropathy was always related to risky situations of
perinatal period, such as premature conditon, hyperbilirubinemia and anoxia (2,3). So, it is
believed that the chances of not diagnosing hearing neuropathy by newborn hearing screening
with otoacoustic emissions were minor, since it is recommended the use of otoacoustic
emissions and brainstem audiometry for risky children.

Therefore, description of several cases of prelingual, in families without history of motor
or sensitive peripheral neural implications (4,11), or even, cases as we have described, without
neonatal or family deafness history, bring out the hypothesis of genetic origin to non-syndromic
hearing neuropathy.

MADDEN et al, 2002 (12) question that before several non-syndromic family cases, a
genetic predisposition to bilirubin intolerance, where lower levels to hearing loss, could cause
neural change on these people.

The determination of a specific gene, when changed, that would lead to hearing
neuropathy only occurred in 2003 when VARGA et al (6) identified four mutations of OTOF gene
in four Spaniard families. Since then, our patients with hearing neuropathy have been submitted
to mutation researchs of OTOF gene with the purpose of determining the importance and
frequency of such mutation on these cases.

We found in the same patient a deletion of 16 base pairs, among nucleotides 1552-1567
(1552-1567del16). This deletion causes the appearing of a stop codon of tranlation on the next
exon, which means that translated proteic product is shorter.

As it is said that mutations on OTOF gene cause deafness of recessive heredity, it is
expected the patient to be a carrier of a second mutation on the same gene, which was not
identified yet because sequencing study of the remaining gene is still in process. OTOF gene is
a large one, with 48 exons, what makes mutation tracking process slow. Our first results show
that even having analized only exons previously described as changed, there was a benefit on
etiological diagnosis of deafness.



In the lilterature there are preliminary data indicating mutation frequencies of OTOF gene
of 3.5% (13) among individuals with sensorineural non-syndromic hearing loss. However, this
figure can be higher. As these patients might not present history that means risk to deafness
and otoacoustic emissions are the method to newborn hearing screening, many cases can be
left without diagnosis. The exact number determination of hearing neuropathies caused by such
mutations will make us rethink of newborn hearing screening procedures.

Another point involving this diagnosis refers to the development of hearing ability from
eletroacoustic devices. The results of the use of sonorous amplification device and cochlear
implantation are questionable (2) and although the girl is making progress with the use of
amplification, it has been slow and with difficulties.

In relation to cochlear implantation, results depend on lesion location. The closer of
hearing nerve, the worse it is the implant advantage; the closer of internal ciliated cells, the
better prognosis will be (12). It is impossible to determine this location before surgery and many
authors have been recommended brainstem implantation when cochlear implants are not
positive (14). With all these varieties of results and agreeing with the literature (12), we have
chosen primarely by the use of individual sonorous amplification.

Therefore, the function of OTOF gene is to codify otoferlin enzyme which works on
membrane fusion on synaptic vesicle of internal ciliated cells, providing stimulus conduction. So,
patients with hearing neuropathy by mutation of this gene probably has located alteration on
ICC and because of it, cochlear implantation can be more successful. Because of this diagnosis
and of little advantage of hearing aid, we are sending the girl to a cochlear implantation
program.

FINAL CONSIDERATIONS

The discovery of OTOF gene mutations as main cause of hearing neuropathy brings out
two important clinical implications. The first is related to the diagnosis, as patients do not
present visible risks to deafness, taking the chance not to be previously detected. The second is
related to treatment, as lesion location is on internal ciliated cells, so recommendation of
cochlear implant should be considered.
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Figura 1. Microfonismo coclear presente até 4 mseg a esquerda e até 2 mseg a direita.

Picture 1. Cochlear microphonism present up to 4 msec at left and up to 2 msec right at



Picture 2. Otoacoustic emission by distortion product present at left and right.

Picture 3. Transient otoacoustic emission present at left and right.



