
The prevalence of genetic hearing loss reaches very high numbers. In developed 
countries, about 50% of the cases of pre-lingual severe hearing loss have some 
demonstrable genetic cause. In 25% of the remaining cases, etiology still remains 
obscure, even though in many situations there is suspicion of genetic origin. Thus, 
genetic causes amount to the highest proportion of pre-lingual hearing loss cases1. 
It is estimated that the occurrence of hereditary neurosensorial hearing loss is 27 
out of each 1,000 people.
Genetic causes of hearing loss can be classifi ed as syndromic and non-syndromic 
(isolated). Syndromic forms amount to approximately 30% of the cases and hearing 
impairment is normally conductive or mixed. Over 400 syndromes including 
deafness and associated anomalies have been described. A large proportion of 
them are embryological ear malformation and there are approximately 40 genes 
implied in these syndromes that have already been mapped by the human genome, 
and more than half of them have been cloned. Even classical syndromes can have 
a spectrum of different genotypes.
Non-syndromic genetic deafness is the most common type in our daily practice. 
Non-syndromic deafness amounts to 70% of all cases of genetic origin. 
Approximately 85% of these cases are manifested as autosomal recessive forms. 
Autosomal dominant forms respond to 12 to 14%. About 1 to 3% is X-linked 
Mendelian heritage. There are also some forms inherited only from the mother, 
corresponding to mitochondrial heritage, which amounts to 1% of the cases.
Figure 1 sums up the participation of each form within the universe of 
sensorineural hearing loss in developed countries. In Brazil, rubella still seems to 
be the most important cause of congenital deafness.
The different chromosome locations (or locus, from Latin, pl. loci) of non-
syndromic forms of genetic deafness go by the acronym DFN (deafness) plus 
the letters A and B, meaning dominant transmission (DFNA) and recessive 
transmission (DFNB). DFN alone refers to x-linked transmission. The number 
that follows refers to a chronological order according to date of identification of 
the locus. Authors have recently shown the participation of modifiers (modifying 
genes responsible for phenotypic differences, such as deafness severity). Two of 
such forms have already been described, and they are known as DFNM. The first 
case of non-syndromic Y-linked hearing loss in a Chinese family has been recently 
demonstrated 2.
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Figure 1. Classification of sensorineural hearing loss based on cause.

* The percentages refer to the individual contribution of each form to total congenital sensorineural hearing 
loss numbers.

Such form is known as DFNY. Finally, hereditary forms of auditory neuropathy 
were isolated and a new acronym was created to refer to such loci. Rather than 
saying DFN, authors use the acronym AUN, such as in the two forms already 
mapped - one autosomal dominant (AUNA1) and the other X-linked form 
(AUNX1) 3, 4.

Genes Related with Hearing Loss
The molecular diagnosis is a reality  for many genes associated with hearing 
problems and it will certainly continue to progress in the near future. The genetic 
basis of hearing loss is related with allele mutations in some genes causing 
recessive and dominant losses, mutations of the same gene causing syndromic or 
non-syndromic forms, and recessive losses caused by the combination of different 
genes in the same functional group. Moreover, some mutations are predominant in 
specific ethnic groups. To ensure appropriate clinical diagnosis, it is necessary to 
keep abreast with specific knowledge that is practically updated on a daily basis.
In general, non-syndromic autosomal recessive genes are responsible for pre-
lingual losses that range from severe to profound and are normally sensorineural. 
Autosomal dominant genes, in turn, may cause conductive, sensorineural or mixed 
losses, with tendency to late onset, sometimes even in the adult life.
Chart 1 shows the genetic mode of transmission, genes and auditory phenotype 
of the main forms of non-syndromic genetic sensorineural hearing loss. Note that 
some identified loci, including DFNB1, DFNA2 and DFNA3, are site of multiple 
genes.

Unknown 25%Genetic 50%Environmental 25%

Syndromic 15% Non-Syndromic 35%

Autosomal recessive 7% X-linked and mitochondrial 1%Autosomal dominant 28%

CONGENITAL SENSORINEURAL DEAFNESS*
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Chart 1. More common types of non-syndromic hereditary sensorineural hearing loss that can be studied 
in national and international specialized laboratories.

Locus Gene Hearing phenotype

DFN3 POU3F4 Conductive loss caused by stapedial fi xation
mimicking otosclerosis; superimposed sensorineural loss

DFNA1 DIAPH1
Low-frequency SN loss whose onset is in the 1st decade
of life, progressing to all frequencies and generating a
fl at audiometry with profound loss in all frequencies

DFNA2 KCNQ4 High-frequency symmetrical SN loss whose onset is in the
1st decade of life, progressing to all frequencies

GJB3 High-frequency symmetrical SN loss whose onset is in the
3rd decade of life

DFNA 6/14/38 WFS1
Low frequency SE loss of early onset; 75% of the families
that have this audiometric profi le carry missense mutations
in the domain of terminal C of wolframin (Wolfram synd gene)

DFNA9 COCH 
Post-lingual progressive loss whose onset is in the adult
life. Vestibular symptoms present. Similar to Meniére disease
but high frequency loss that progress to anacusis

DFNA10 EYA4
Progressive loss that starts in the 2nd decade of life 
with fl at profi le to slight inclination, progressively transforming it into 
a steep curve as a result of aging

DFNA13 COL11A2 Medium-frequency congenital SN loss that shows
age-dependent progression to all frequencies

DFNA15 POU4F3 Progressive SN loss starting in the 2nd decade of life

DFNA 20/26 ACTG1
Progressive SN loss starting in the 2nd decade; as a result of
aging, there is worsening in all frequencies, even though steep curve is 
maintained in most cases

DFNB1 GJB2, GJB6

Mild to profound loss. The most common genotype 35delG/35delG is 
associated with severe to profound SN loss
in 90% of the cases; severe to profound loss is seen in only
60% heterozygous that have an allele 35delG and any other 
variant GJB2 allele; there are no severe to profound losses in children 
that carry two missense mutations to deafness in GJB2

DFNB4 SLC26A4

DFNB4 and Pendred syndrome are allelic. 
Loss of DFNB4 is associated with dilation of vestibular aqueduct and 
it can be unilateral or bilateral. In high frequencies, losses are severe to 
profound; in low frequencies, severity varies a lot. The beginning can 
be pre-lingual, but post-lingual progressive loss is also common.

MtDNA 
1555A>G 12S rRNA

Severity of loss ranges from mild to profound, but it is normally 
symmetrical; high frequencies are preferably
affected; loss can be triggered by aminoglycosides.
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Genes that cause hearing loss can be classified into six groups:
1) genes that codify proteins that comprise ionic channels and intercellular 

junctions (GJB2 and other connexins, KCNQ4, claudin 14)
2) genes that codify cytoskeleton or membrane proteins and are involved in 

the formation and structural stability of the stereocilia (myosin, cadherin, 
gamma-actin, harmonin, prestin);

3) genes that are involved in the operation of synapses (otoferlin, myosin);
4) genes that codify the extracellular matrix, such as tectorial membrane 

(tecta, col11A2, Coch, otoancorin);
5) genes that codify transcription factors (POU3F4, POU 4F3, EYA4, 

TFCP2L3);
6) genes of unknown function (DFNA5, etc).

Connexin 26 (Cx26), also known as GJB2 (gap junction protein beta-2), one of 
the agents that codify the connexin family protein, has already been identified as 
being responsible for DFNA3 and DFNB1. This gene was identified in 1997 and 
was the first gene related with non-syndromic hearing loss. Connexins form gap 
junctions that are channels in the plasmatic membrane that operate as intercellular 
communication. Gap junctions are involved in the process of creation and 
maintenance of endocochlear potential and form intercellular communications 
between the support cells of Corti organ. Defect in the structure and operation 
of these intercellular communications could hinder the mechanism of potassium 
clearance to the vascular stria, a mechanism responsible for the quick response of 
the hair cell to new sound stimuli. DFNB1, associated with Connexin 26, is the 
most common form of autosomal recessive hearing loss (approximately 80% of 
the cases), causing about 20% of the cases of pre-lingual hereditary hearing loss in 
Europe, United States and Australia. In a Brazilian study that proposed to define 
the frequency of 35delG mutation of Connexin in implanted children, there was 
the following high prevalence: 12% of patients were homozygote and 19% were 
heterozygote to the mutation 5. Causal mutation of DFNB1 ranges according to 
subjects’ race. Thus, in Ashkenazi Jews, the most common mutation is 167delIT, 
present in 4% of the population. To South Asian patients, the most prevalent is 
235delC, with heterozygote frequency of 1:100.
Hearing loss severity depends on the mutation present and the homozygote profile. 
Thus, 35delG homozygote has more severe losses than other mutations. Other 
mutations may codify broad auditory spectrum, including asymmetrical losses, 
steep losses and practically normal hearing in one of the ears 6. The hearing loss 
of 35delG homozygote mutation is flat, normally congenital and stable, with slow 
progression, and its severity ranges from severe to profound. In a recent study, 65 
families with history of deafness coming from many countries (Tunisia, France, 
New Zealand and United Kingdom) were tested to Connexin 26 mutations. In 
39 of them there were mutations of this gene. The most interesting fact was that 
in 70% of the times, it was the same mutation (35delG). In Brazil, this figure 
was 84.2% in a study carried out by University of Campinas - UNICAMP 7. 
This finding, associated with the fact that Connexin 26 gene has extremely 
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simple structure (with only one codifying region), has driven the development 
of relatively simple and quick diagnostic tests. In Brazil, we can test our babies 
to 35delG mutation with the same blood drop used for phenylketonuria. It has 
recently been demonstrated that oral mucosa smear is also a reliable source of 
DNA to test 35delG 8.
Even though more than half of the subjects with autosomal recessive sensorineural 
loss have GJB2 mutations, approximately 10 to 50% of them have only one mutated 
allele. GJB6 (Connexin 30 gene), a gene adjacent to GJB2 in chromosome 13, 
seems to represent the first case of digenic heritage of non-syndromic deafness. 
It has been associated with DFNB1 and DFNA3. Similarly to 35delG mutation 
of Connexin 26, prevalence of deletion of Connexin 30 gene ranges according 
to ethnicity. The frequency of deletion in subjects with one or more mutations of 
GJB2 is higher in Israel (71.4%), whereas GJB6 is present in more than 20% of 
the hearing impaired cases in Brazil and in the USA 9. Deletion of GJB6 can be 
responsible for up to 10% of all DFNB1 alleles. In addition to the direct effect, it is 
likely that that deletion of GJB6 may modify the phenotype in subjects that carry 
two recessive mutations in GJB2. There may be marked intra-familiar variability, 
with hearing losses ranging from mild to profound. It is recommendable that 
deletion of GJB6 should be investigated right after the mutations of GJB2 in 
subjects in which no mutations or only one mutation of GJB2.
Mutations of gene SLC26A4, also known as PDS - the mutated gene of Pendred 
syndrome (the most common syndrome associated with deafness), have also 
been found in pre-lingual DFNB4 deafness. Hearing loss is typically severe and 
frequently stable, even though progressive. It is likely that mutations in this gene 
can be held responsible for the 2nd and 3rd most common causes of non-syndromic 
autosomal recessive deafness in children (up to 4% of the losses), second in 
prevalence only to gene GJB2 of connexin 26 and, in some countries, to gene 
GJB6. Some authors have advocated that these two first genes should be routinely 
tested when tracking down genetic deafness owing to their high frequency of 
occurrence 10. It is currently believed that pendrin is most probably the carrier 
of iodine and chlorine ions. Deficient iodine transportation can explain thyroid 
abnormalities in these patients and deficient transportation of chlorine can explain 
abnormal development of the cochlea (Mondini malformation) and hearing loss. 
Reduced chlorine transportation may cause abnormal flow of cochlear fluids, 
leading to widening of vestibular aqueduct and hearing loss. The prevalence of 
widened vestibular aqueduct is relatively high in patients with mutations of the 
gene (approximately 70%). The opposite also applies, because when this gene 
was investigated in subjects that had widened vestibular aqueduct under x-ray, the 
authors found prevalence of mutations in SLC26A4 in 40% of the cases 11.
Another isolated gene is COCH, which codifies cochlin. This gene is responsible 
for another form of autosomal dominant non-syndromic deafness of late onset, 
progressive, initially in high frequencies and associated with labyrinth pathology 
(DFNA9). The onset of hearing impairment is in the age range 16 to 28 years 
(mean age 21 years). Hearing loss is slowly progressive, approximately 3dB per 
year. Initially, the hearing loss is more marked in high frequencies and later it 
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progresses to deafness in middle age. Many subjects have also presented signs of 
vestibular deficit. It is estimated that mutations in this gene are the main cause 
of post-lingual autosomal dominant non-syndromic hearing loss. Phenotypically, 
the temporal bone histology shows homogenous acidophilic deposits of unknown 
etiology that seem to suffocate the dendritic fibers. Some authors have found 
prevalence higher than 25% in patients with similar symptoms such as those of 
Meniére disease, in families with COCH gene mutation, even though the hearing 
loss affected mainly low frequencies. The role of this gene remains unknown, 
but owing to similarly with other proteins and its expression pattern in cochlear 
supporting structure it is suspected that it has an important role in the formation 
of extracellular matrix.
Another gene that has been identified as cause of non-syndromic loss - POU3F4 
(domain POU, class 3, transcription factor 4) codifies a protein related with DNA 
transcription, which performs an important role in the regulation of cell type 
development. This gene seems to be involved in bone maturation, so much so that 
rats with inactivation of POU3F4 have abnormal development of bone labyrinth 
and middle ear ossicles. Mutations of this gene can be found in non-syndromic 
X-linked form (DFN3), which determines congenital mixed and progressive 
hearing loss with fixation of stapes footplate. Computed tomography imaging is 
useful in such cases, given that the auditory internal canal and the limits between 
the internal canal and the inner ear can be dilated. These patients have abnormal 
communication between cerebrospinal fluid and perilymph (perilymphatic 
hypertension), which can cause fistula during stapedotomy (perilymphatic 
gusher).
Genes of Wolfram Syndrome (WFS1) are also responsible for DFNA 6, 14 and 38. 
Wolfram syndrome is defined as juvenile diabetes mellitus and optical atrophy and 
it can also include progressive hearing loss and other neurological and psychiatric 
symptoms, such as suicidal tendency. The patients affected by DFNA38 deafness 
have more severe hearing loss than those with Wolfram syndrome and they do not 
have any associated syndromic characteristics. It is interesting to observe that the 
hearing loss normally reaches low frequencies (2000 Hz and below), a rare fact 
in other genetic hearing losses. Given that most patients do not have significant 
hearing loss in speech frequencies, many do not need hearing aids 12. The onset is 
in childhood and it is progressive, but it does not reach profound level. It may be 
associated with mild tinnitus but not vertigo.
Many cases of mutations of mitochondrial DNA genes, genes 12S rRNA and 
tRNA-Ser (UCN) also predispose to hearing loss associated with age. In special, 
mutation A1555G of gene 12S rRNA has been related with greater susceptibility 
to hearing loss after use of aminoglycoside antibiotics and it can be an important 
cause of progressive hearing loss in some populations, even in the absence of 
exposure to aminoglycoside. Approximately 25% of the patients that have received 
aminoglycoside have sensorineural hearing loss, even when they are administered 
within the therapeutic recommended doses and for a short period of time. Fifty 
percent of the affected patients carry the mutation 1555 A>G in ribosome RNA 
12S (gene MTRNR1). Sensorineural hearing loss could be prevented in some 
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patients if the analysis of mitochondrial DNA was performed as a routine and if 
we had high suspicions of the administration of aminoglycosides 13.
Many genes of genetic non-syndromic hearing loss have already been cloned. 
The genes associated with primary defects of ciliary cells are myosin 7A, 15, 
6, 3 A and 1 A, and harmonin (USH1C), cadherin 23 (CDH23), protacadherin 
15 (PCDH15), stereocilin (STRC), TMIE, prestin (SLC26A5), spine (ESPN), 
KCNQ4, TMC1, otoferlin (OTOF), POU4F3, gamma-actin (ACTG1), and WHRN. 
Genes associated with non-sensorial cell defects are connexins (GJB2,GJB6, 
GJB3), pendrin (SLC26A4), crystallin (CRYM), otoancorin (OTOA), claudin 14 
(CLDN14), cochlin (COCH), myosin IIA (MYH9), myosin IIC (MYH14), EYA4, 
TMPRSS3, and POU3F4. Among the genes associated with primary defects of 
tectorial membrane we can include collagen XI (COL11A2) and alpha-tectorin 
(TECTA). Genes whose primary defect is in the unknown cells are HDIA1, 
DFNA5, wolframin (WFS1), TFCP2L3, PCDA15, DSSP, TRIOB, TMHS, 
PJVK, LHPFL5 and mitochondrial 12S rRNA (MTRNR1) and tRNA ser(UCN) 
(MTTS1).
It seems to be unquestionable that within few years all genes associated with 
hearing loss will be fully identified, because new knowledge in the area of 
molecular genetics and deafness has constantly surfaced. Similarly, genetic 
investigation will become easier and accessible to Otorhinolaryngologists, 
especially with the development of chips to test genetic mutations, already at 
pre-clinical test stage. Finally, it seems that we can progress towards curative 
treatment of hearing loss rather than rehabilitation thanks to the initial success of 
gene therapy in guinea pigs.
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