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Chapter 1

Introduction



1.1

Autosomal dominant non-syndromic

sensorineural hearing impairment



Introduction

The first insight that heredity could be the cause of deafness appeared in the second
edition of Politzer's Lehrbuch der Ohrenheilkunde published in 1887". Direct or dominant
inheritance was distinguished from indirect or recessive inheritance. Politzer based these
conclusions on the work by another German author, Hartmann?. Prior to this, Wilde
(1853), Liebreich (1861) and Uchermann (1869) had found evidence that hearing

impairment and deafness could be hereditary3'5.

The first descriptions of syndromes with hearing impairment or deafness appeared in the
19th century. Examples of these are the Usher syndrome4'6, the branchio-oto-renal
syndrome7, Pendred's syndromes, the Treacher Collins syndromeg'10 and osteogenesis
imperfecta tarda'".

Although the majority of hereditary hearing impairments are non-syndromic, most attention
has been paid to syndromic hearing disorders, because they can be differentiated on the
basis of the associated characteristics. Similarly, congenital forms of deafness have
received more attention in the past than late-onset hearing impairments. The standard
textbook by George Fraser ‘The Causes of Profound Childhood Deafness’ published in
1976 is a case in point12. Similarly, the standard cataloguizing work ‘Genetic and Metabolic
Deafness’ by Konigsmark and Gorlin (also published in 1976) illustrates the steady
increase in knowledge about hereditary syndromes with hearing impairment13.

With the introduction of the audiometer in the late nineteen thirties it became easier to
describe and differentiate non-syndromic forms of hearing impairment. Nevertheless,
publications on families with non-syndromic autosomal dominant hearing impairment did
not appear until the nineteen fifties.

Nowadays, approximately 1/1000 newborns have a major hearing impairment, i.e. with



bilateral hearing thresholds of 80 dB or more'”. In at least half of these cases, the cause

is probably inherited'*'°

. The mode of inheritance is autosomal recessive in 70%-80%,
autosomal dominant in 20%-30% and X-linked in 1%-2%'*"®. Mitochondrial inherited
deafness has also been described recently16. In approximately 75% of the hereditary
cases, no other stigmata related to sensorineural hearing impairment (SNHI) can be
recognized15'17; these types of hearing impairment are classified as non-syndromic.
The above-mentioned data are mostly related to profound early childhood deafness
(prelingual phase). In the majority of autosomal dominant cases of hearing impairment,
the age of onset is after early childhood (postlingual phase). The prevalence of postlingual
deafness in western Europeans, with an average hearing threshold of >25 dB, is
approximately 1% in young adults, about 10% up to the age of 60 and almost 50% at the
age of 80" We do not know what proportion has a hereditary cause, and what the
prevalence is of the different modes of inheritance of hereditary postlingual hearing
impairment. It is most likely a multifactorial disease in many cases, where genetic as well
as environmental factors are involved.

A number of families with hereditary monogenetically determined postlingual hearing
impairment has been described in the literature’”. It has been found that the majority has
a dominant pattern of inheritance and that the hearing impairment is progressive.
Autosomal recessive non-syndromic disorders are often characterised by severe to
profound, non-progressive deafness, with a fairly consistent audiogram and a prelingual
age of onset'®. Autosomal dominant hearing impairment generally seems to be milder and
progressive; the onset is usually postlingual and the expression is variable®.

Also our studies have shown that autosomal dominant forms of hearing impairment are

mostly mild in the initial phase. There is usually obvious progression, which can



sometimes be fully (or partially) ascribed to presbyacusis. We have also observed obvious

intrafamily and interfamily variability in expression.

Various types of hereditary non-syndromic sensorineural hearing impairment have been
clinically distinguished on the basis of the mode of transmission, age of onset, severity,
type of audiogram and progressivity.

The severity of the hearing impairment is expressed in decibel hearing level (dB HL) in the
best ear. The average threshold at 500, 1000, 2000 and 4000 Hz is expressed as the pure
tone average (PTA). Four grades of hearing impairment are distinguished19:

* Mild: PTA <40 dB

* Moderate: PTA 40dB -70 dB

* Severe: PTA 70dB - 95 dB

* Profound: PTA > 95 dB or more

Another characteristic that contributes to making a clinical distinction between various
forms of hearing impairment is the shape of the audiogram, as described by Konigsmark
and Gorlin" and Gorlin et al.””. The clinical review in Chapter 1.2 gives an overview of the

major types of audiograms.

Owing to the introduction of increasingly more powerful gene-linkage techniques in the
nineteen eighties, it has become possible to localise the locus on the genome in families
with autosomal dominant hearing impairment (with a preference to 15 or more affected
family members). In this way, 'clinically similar' forms of hereditary hearing loss can be
distinguished on the basis of their genotype and this facilitates exact description of the

corresponding phenotypes.



Genetic study

At present, an affected gene can be identified in two ways: by functional cloning or by
positional cloning. In the case of functional cloning, the defective protein is known. With
the aid of this defective protein, the defect can be detected on a genetic level. In the case
of positional cloning, or reverse genetics, the defective protein is unknown. Positional
cloning is the only method suitable for identifying the genes responsible for non-syndromic
deafness. As it is a complicated and time-consuming method, only a few genes have been
identified, but the numbers have been increasing steadily since 1997 (see Tables 2 to 4).
Positional cloning comprises three steps: (i) the defective gene is localised, (ii) this gene
is isolated and (iii) the defective protein is traced. The gene is localised by means of
linkage analysis in affected families, with 200 to 300 polymorphic DNA markers
(microsatellites) spread over the genome at given locations. The latter is also known as
genome search. Computer programmes are used to calculate the probability that a marker
and the defective gene cosegregate. This probability is expressed by a LOD score
(logarithm of odds). A LOD score of above 3 is generally accepted to be a proof of linkage.
In that case the linked genetic markers must be located in the same region as the disease
gene. Various techniques can be used to isolate the gene, then attempts can be made to
detect the mutation within this gene. Once the mutation is known, the third step is to obtain
stuctural and functional information about the protein produced by the gene, which causes

the disease®.

Current status of gene localisation for non-syndromic hearing impairment

Since 1992, considerable progress has been made in the field of molecular genetic



studies on hereditary sensorineural hearing impairment thanks to improved methods to

investigate DNA. It has recently become possible to make genetic diagnoses based on

molecular tests in some cases. This is important because different genotypes might lie

behind (strikingly) similar phenotypes.

Table 1: Eight clinical types of autosomal dominant non-syndromic SNHI and corresponding loci,
according to Gorlin et al. (1995)""

Clinical type Locus
1 Congenital severe SNHI
2 Congenital low-frequency SNHI DFNA6/DFNA14°
3 Progressive low-frequency SNHI DFNA1
with childhood onset
4 Mid-frequency SNHI DFNA8 / 12%: DFNA13**: DFNA212¢
5 Progressive SNHI DFNA2? DFNA5
6 Progressive mixed hearing impairment
7 Unilateral SNHI
8 Progressive vestibulo-cochlear DFNA9?

dysfunction and SNHI

2 categorized by author; ® Dutch family also combined with high-frequency SNHI: © non-
specific




Table 2: Twenty-eight loci related to autosomal dominant non-syndromic sensorineural
hearing impairment

Locus Chromosomal Year Gene Year
Localization Cloned
DFNA1 5q31 1992°° HDIA1 1997~
DFNA2 1p34 1994 GJB3(Cx31),KCNQ4 | 1999°>*
DFNA3 13912 1994% GJB2(CX26) 19987
DFNA4 19913 199527 - -
DFNA5 7p15 19952 DFNA5 1998%°
DFNAG 4p16.3 1995 - -
DFNA7 1921-923 1995 - -
DFNA8/DFNA12 11022-24 1995°%2% TECTA 1998%*
DFNA9 14912-913 1996%° COCH 1998%
DFNA10 6G22-923 1996°7 - -
DFNA11 11912.3-921 1996% MYO7A 1997%
DFNA13 6p21-p22 19974 COL11A2 1999*
DFNA14 4p16.3 1997* - -
DFNA15 5q31 1998% POU4F3 1998%
DFNA16 2q24 1998* - -
DFNA17 22q 1998* - -
DFNA18 3q22 1998 - -
DFNA19 10 1998% - -
DFNAZ20 reserved - - -
DFNA21 6p21 1999 - -
DFNA22 reserved - - -
DFNA23 reserved - - -
DFNA24 reserved - - -
DFNA25 reserved - - -
DFNA26? 5p11 - - -
DFNA27 reserved - - -
DFNA28 reserved - - -

# unpublished (Smith et al.)

Support for this notion can be found in autosomal dominant non-syndromic sensorineural
hearing impairment: until recently only eight types could be distinguished clinically (Table
1)17, while nowadays 28 different loci are known to be responsible for autosomal dominant
non-syndromic hearing impairment (genotypes) (Table 2). The locus on a chromosome
which harbours a gene that causes non-syndromic autosomal dominant hearing
impairment, is specified by the prefix DFNA. Non-syndromic autosomal recessive
hearing impairment carries the prefix DFNB. Table 3 gives an overview of 26 known

DFNB regions. It is expected that the number of autosomal dominant types (DFNA1-28)




may increase to above the present number' %,

Table 3: Twenty-six different loci related to autosomal recessive non-syndromic sensorineural
hearing impairment

Locus Chromosomal Year Gene Year
Localization Cloned
DFNB1 13912 1994% GJB2 (CX26) 1997°
DFNB2 11913.5 1994 MYO7A 1997°%%
DFNB3 17p11.2-912 1995°* MYO15A 1998%°
DFNB4 7931 1995%° PDS 1998°
DFNB5 14912 1995° - -
DFNB6 3p14-p21 1995 - -
DFNB7 9q13-g21 1995 - -
DFNBS8 21922 1996°" - -
DFNB9 2p22-p23 1996 OTOF 1999%
DFNB10 21922.3 1996>* - -
DFNB11 9913-g21 1996°° - -
DFNB12 10921-922 1996°° - -
DFNB13 7q34-36 1998°7 - -
DFNB14 7931 1998° - -
DFNB15 | 3g21-g25 and 19p13 1997°° - -
DFNB16 15921-922 19977 - -
DFNB17 7931 1998"" - -
DFNB18 11p14-15.1 1998 - -
DFNB19 18p11 1998 - -
DFNB20 11925 1998" - -
DFNB21 11q 1999 TECTA 1999
DFNB22 reserved - - -
DFNB23? 10p11.2-921 - - -
DFNB24? 11923 - - -
DFNB25? 4p15.3-912 - - -
DFNB26 reserved - - -

4 Unpublished (R. Smith et al.)

Table 4: Eight different loci related to X-linked non-syndromic SNH|



























































































