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I would like to say a little about myself. After getting my masters’ degree in Biology, I went to Finland for 6 months to work on the genetics of deafness. Now I am working on the same topic in Madrid with another scholarship.
Introduction 
Deafness can be congenital (present at birth) or be experienced later in life (during infancy, teenage or in adult age). The frequency of congenital deafness is about 1/ 1000 live new-borns, so this disease is rather frequent.
About 2/3 (66%) of the non-syndromic deafness has a genetic origin, while 1/3 (33%) has an environmental origin. 
Among genetic deafness, 30 % is syndromic in which deafness is accompanied by other symptoms in endocrine, ocular, cardiac apparatus. 
The other 70% of genetic deafness is non-syndromic in which other symptoms are not involved (only deafness). The non-syndromic deafness is the one in which we are interested, of course. 
a)  Environmental deafness 
During pregnancy, the development of the ear takes a long time and it is a very delicate process, so the ear can be easily exposed to every kind of damage that comes from environment. It is important to know the sources of damage in order to prevent them. 
The sources of damage can affect people in 3 different periods of the life: 
-before the birth: maternal-foetal infections, e.g. rubella that sometimes causes damage also at ocular and cardiac level, cytomegalovirus, toxoplasma. 
-at birth: prenatal complications: premature birth, obstetric trauma, respiratory insufficiency. 
-after birth: frequent otitis in the middle ear, trauma, meningitis and encephalitis. Other important cause is ototoxic drug, e.g. aminoglycoside (one kind of antibiotics). Aminoglycosides are ototoxic if they are taken for long periods at high dosage (to cure long-term and severe infections), but it exists also a genetic mutation that in conjunction with the assumption of a low dosage of these antibiotics leads to severe or profound deafness. So, it is very important to know if one person has this mutation in order to prevent the assumption of this kind of antibiotic and to avoid becoming deaf. This mutation that is called A1555G is present in one mitochondrial gene (rRNA 12) and it is maternally inherited. About 20 % of non-syndromic deafness are due to this mutation. 
b) Genetic deafness 
The fundamental processes involved in the mechanism of hearing are controlled by hundreds of genes, because the ear is a very specialized organ, so that only one mutation in these genes is enough to cause hearing loss. Before going further on genetics of deafness, I would like to give you a brief introduction of some genetic words. 
CHROMOSOMES:  Chromosomes are structures that contain all information needed to protein synthesis. Simply speaking, chromosomes are like a big book in which is written all the information to produce proteins that build/form a human being. Each cell contains 46 chromosomes. Half of our characters come from mother and the other half come from father  (23 chromosomes come from the mother and 23 chromosomes come from the father).  
GENES: The chromosomes contain thousands of GENES. Every gene is responsible for one character of a person, e.g. the colour of the eyes, blood type, etc. 
MUTATION:   Mutation is a modification or alteration of one gene. This modification causes a disease and it is inherited by our parents. 
For each gene, a person has two alleles (alternative versions of a gene - the same gene), one inherited from each parent. Alleles of the same gene can be DOMINANTS (that express the character although they are present in only one copy – on only one chromosome) or RECESSIVES (that express the character only if they are present in double copy – both on maternal and paternal chromosome). 
Deafness can be syndromal or non - syndromal 
1)  Syndromic forms 
They represent 30% of genetic deafness. 
There are more than 400 syndromic deafness, here only two examples of syndromic deafness are described: 
USHER SYNDROME: In Usher Syndrome, deafness is associated to retinitis pigmentosa that consists in slow, but progressive degeneration of retina that led to blindness. This syndrome is due a recessive mutation. 
WAARDENBURG SYNDROME: Waardenburg Syndrome was noticed for the first time in cats by the famous naturalist Charles Darwin who discovered that cats with white tuft on their heads were deaf.  In man, this syndrome has the following characteristics: white tuft of hair on forehead, deafness, clear and distanced eyes, white eyelash and eyebrow. This syndrome is due to a dominant mutation. 
2) Non-syndromic forms 
They represent 70% of genetic deafness. 
In detail the mode of inheritance of genetic deafness: 
Recessive deafness: 
Non syndromic autosomal recessive deafness is clinically homogeneous; in most cases, the hearing loss has a prelingual onset, involves all the frequencies, is severe or profound, and is non-progressive. However, as expected from the structural and functional complexity of the inner ear, sensorineural deafness exhibits a very high heterogeneity (one of many different genes could responsible of deafness). 
The 80 - 85 % of genetic deafness are recessive. The father and the mother are NORMAL, not deaf, but carriers.  On one chromosome, they have a normal gene and on the other chromosome, a mutated gene. They have the following probabilities: 
25% chance to have deaf children, because these children present double copy of the mutated gene (each copy comes from one parent); 
50% chance to have normal hearing children who are carriers (like the parents); 
25% chance to have normal hearing children who are not carriers. 
From this description we can understand why the consanguinity increase the risk of having a deaf child. 
Dominant deafness: 
In non-syndromic autosomal dominant deafness, the hearing loss has a postlingual onset and is often progressive. 
10 - 15 % of genetic deafness are dominant. The mutated gene is dominant on the normal gene, so a person who has only one dominant gene, is deaf (because only one copy of this gene leads to deafness). If one deaf partner marries a normal hearing partner, the 50% of children will be deaf and 50% will be normal. The otosclerosis is an example of dominantly inherited condition that produces a slowly progressive conductive (middle ear) hearing loss as a result of excess ossification eventually leading to fusion of the stapes to the oval window. This disease usually appears between 10 and 40 years of age. 
CONNEXIN 26 (recessive gene) 
One year ago, the gene that codifies the protein CONNEXIN 26 was discovered.   It was a very important discovery, because the mutation in this gene is responsible for about 50% of non-syndromic recessive deafness. The connexin 26 is a sub-unit that assembles with 5 other sub-units to form a channel that connects one cell to the other and allows the passage of substances. 
It is possible to do special genetic tests to identify the mutation in the connexin 26 gene, so that everybody can know if he/ she has this mutation. In every country, it is possible to make genetic tests and to have genetic counseling. If you are interested to know which laboratory to contact in your own country, please contact Vanessa Migliosi, who has a list of the most of the laboratories that are involved in research on deafness and she can suggest you the right place to go. 
One big problem that hampers the progress of the research on deafness is the low availability of families on which to do research to identify new genes. Nowadays, families usually are small with few members and few deaf individuals, so it could be very important for the research to provide blood samples of big families to help the research to progress. 
What is the future of genetics on deafness?
· to identify new genes responsible for deafness; 
· to identify normal hearing carriers; 
· to characterise the proteins codified by the genes that are involved in the organisation of the ear, in order to deepen the knowledge on biological and biochemistry mechanism of development and the function of the ear; 
· to find a way to regenerate the cochlear cells which have been damaged; 
· finally, to do a gene therapy of the deafness, although today it is yet not possible. 
Studies of genetic hearing loss will thus provide new knowledge for understanding the physiology of hearing and the patho-physiology of hearing loss.
