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Trends in Genetic Research
on Auditory Neuropathy

Tatsuo Matsunaga

Summary

Various etiologies of auditory neuropathy (AN) have been reported, including
genetic causes. Genes such as OTOF and pejvakin cause AN without other associ-
ated symptoms, that is, nonsyndromic auditory neuropathy. Syndromic AN, in
which AN is associated with other related symptoms, has been frequently reported
in hereditary neurological disorders such as Charcot-Marie-Tooth disease and
mitochondrial disease. In these neurological disorders, specific genes and mutations
that are related to AN are being revealed. AN may be caused by dysfunction
of synapses in inner hair cells. For an example, function of inner hair cells is
impaired but that of spiral ganglion cells is maintained in knockout mice of the
OTOF gene. This finding implies that surgery for cochlear implants may be indi-
cated in patients with AN caused by OTOF gene mutations because the spiral gan-
glion cells are preserved.

Key words Auditory neuropathy, Cochlea, Spiral ganglion, Hereditary hearing
loss, Genetic test

History of Genetic Research on Auditory Neuropathy

Auditory neuropathy (AN) is a novel clinical concept of auditory disorder that is
distinguished from general sensorineural hearing loss and is characterized by audio-
logical test results indicating normal function of outer hair cells and impairment
of auditory neurons [1,2]. Various causes have been reported for AN. In approxi-
mately half of AN patients, hearing loss is syndromic as a part of symptoms associ-
ated with known causes such as hyperbilirubinemia, anoxia, viral infection, high

Laboratory of Auditory Disorders, National Institute of Sensory Organs, National Tokyo
Medical Center, 2-5-1 Higashigaoka, Meguro-ku, Tokyo 152-8902, Japan

Neuropathies of the Auditory and Vestibular Eighth Cranial Nerves. Kaga, Starr (eds) 43
doi: 10.1007/978-4-431-09433-3_5, © Springer 2009



44 T. Matsunaga

Table 1. Genetic causes related to nonsyndromic auditory
neuropathy (AN)

Autosomal recessive OTOF
Pejvakin
GJIB2
Autosomal dominant AUNAL locus (13q14-21)
X related AUNXI locus (Xq23-27.3)
Mitochondrial T1095C in12S ribosomal RNA

fever, hereditary neurological disorders, and i1mmunological disorders [3].
In the other half, hearing loss is nonsyndromic, that is, the symptom is isolated. In
some of the latter patients, autosomal recessive inheritance has been noted. Recently,
OTOF gene mutations were found as the cause of such autosomal recessive non-
syndromic AN [4]. Then, various mutations, genes, or loci such as the pejvakin
gene [5], GJB2 gene, T1095C mutation in mitochondrial 12S ribosomal RNA gene,
and AUNAT locus (13q14-21), were also found to be related to nonsyndromic AN
(Table 1).

Some types of hereditary neurological disorders are known to be associated with
AN, and these include Charcot—Marie-Tooth disease, Friedreich’s ataxia, Refsum
syndrome, Mohr-Tranebjaerg syndrome, mitochondrial disease, and autosomal
dominant optic atrophy (ADOA). Recent progress in genetics has changed the
classification of these neurological disorders. Details about subtypes of neurologi-
cal disorders in association with AN are now becoming clear. As an instance,
peripheral myelin protein 22 (PMP22), myelin protein zero (MPZ), gap junction
protein beta-1 (GJBI), early growth response 2 (EGR2), and N-myc downstream
regulated gene (NDRGI) were found as the genes causing Charcot—-Marie-Tooth
disease [6]. PMP22, MPZ, and NDRG I, at least, have been reported to be associ-
ated with AN.

Epidemiology of Genetic AN

The prevalence of AN in children with severe or profound hearing loss has been
reported to be 7% to 15%. AN occurs in bilateral ears in most patients. According
to a study about the causes of AN, 42% of patients are associated with hereditary
neurological disorders, 10% with toxic, metabolic, immunological, and infectious
causes (anoxia, hyperbilirubinemia, drug reaction, demyelination, viral infection),
and 48% with no known causes [3]. Many nonsyndromic AN cases with no
known causes probably have a genetic basis. The inheritance pattern of such
AN is mostly sporadic or autosomal recessive [4], rarely X-linked or autosomal
dominant.
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Pathophysiology, Diagnosis, and Treatment for Genetic AN

Pathophysiology

Because AN is diagnosed on the basis of audiological test results showing normal
function of outer hair cells and impairment of auditory neurons, the pathophysiology
of AN may be impairment of synapses in inner hair cells, auditory neurons, or both.
In addition, impairment of central auditory pathways may be associated with such
disorders. Hearing loss caused by impairment of inner hair cells is not compatible
with the term “‘auditory neuropathy.” However, impairment of inner hair cells 1s
usually referred to as auditory neuropathy because current clinical tests cannot
discriminate impairment of synapses in inner hair cells and auditory neurons.

Among nonsyndromic AN, some mutations in the OTOF gene cause impairment
of inner hair cells [7], some mutations in the pejvakin gene may cause impairment
of the organ of Corti and peripheral and central auditory neurons [5], and some
mutations in the GJB2 gene may cause impairment of inner hair cells and nerve
endings beneath the hair cells. Among syndromic AN, studies on temporal bones
from Friedreich’s ataxia and Charcot-Marie-Tooth disease showed degeneration
of spiral ganglion cells with or without degeneration of inner hair cells and demy-
elination of auditory neurons. A recent study on the temporal bones from an AN
patient having a mutation in the MPZ gene revealed prominent loss of spiral gan-
glion cells and auditory neurons, and incomplete remyelination, as well as almost
normal inner and outer hair cells. In this patient, detailed audiological evaluation
demonstrated that hearing loss is mainly caused by decreased auditory input through
a diminished number of auditory neurons [8].

Diagnosis

In clinical diagnosis of genetic AN, patients first undergo audiological evaluation
to detect AN, followed by otological, genetic, and neurological evaluation of the
etiology of AN. For audiological evaluation, diagnosis of sensorineural hearing loss
is made by pure tone audiometry. A loss of speech comprehension that is out of
proportion with pure tone hearing thresholds raises a suspicion of AN. Identifica-
tion of preserved outer hair cell function by transient evoked otoacoustic emissions
(TEOAE) or distortion product otoacoustic emissions (DPOAE), and confirmation
of absent or prominently abnormal auditory brainstem response (ABR), lead to the
diagnosis of AN. For diagnosis of etiology, patients or parents of AN children are
first carefully asked about nongenetic factors, that is, risk factors during pregnancy,
delivery, and neonatal and infantile periods such as anoxia, hyperbilirubinemia,
prematurity, low birth weight, use of drugs, demyelinating disorders, or viral infec-
tion. Then, hereditary neurological disorders such as Charcot-Marie-Tooth disease,



