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A new locus (DFNA47) for autosomal dominant non-
syndromic inherited hearing loss maps to 9p21-22 in a
large Italian family
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Hearing loss is the most common sensory disorder in humans, and genetic factors are a major cause.
Approximately 15 – 20% of genetic cases exhibit an autosomal dominant pattern of transmission. So far,
41 autosomal dominant loci have been mapped and 17 genes have been identified. Here we report the
mapping of a novel locus for autosomal dominant non-syndromic hearing loss, DFNA47, to chromosome
9p21 – 22 in a large multigenerational Italian family with progressive hearing impairment. Most affected
individuals noticed hearing impairment after their teens with subsequent gradual progression to a
moderate-severe loss. There were no obvious vestibular dysfunction and other associated abnormalities.
A maximum lod score of 3.14 was obtained with marker D9S157 (at y=0) after a genome wide search. The
study of additional markers allowed us to confirm this region with positive lod scores of 3.58 (at y=0 from
D9S285) and of 3.67 (at y=0 from D9S162). Recombinants define a region of approximately 9 cM flanked
by markers D9S268 and D9S942. Multipoint linkage analysis showed a Lod score of 4.26. Few known
genes map to the region, and those possibly related by function to hearing are being screened for
disease-causing mutations.
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Introduction
Severe deafness or hearing impairment is the most preva-

lent inherited sensory disorder, affecting about 1 in 1000

children.1 In addition a large proportion of older adults

suffer from progressive hearing loss.2 Most deafness results

from peripheral auditory defects that occur as a conse-

quence of either conductive (outer or middle ear) or

sensorineuronal (cochlea) abnormalities.3 Nonsyndromic

hearing loss is the most common form of genetic deafness

and is a very heterogeneous trait with more than 70 loci

so far reported4 (see for updated data the Hereditary Hear-

ing Loss Homepage at the following URL: www.uia.ac.be/

dnalab/hh/). A proportion comprised between 15 and 20%

of cases is caused by autosomal dominant defects (Non

Syndromic Autosomal Dominant or NSAD). Usually, hear-

ing impairment is progressive, involving first high

frequencies and then middle and lower frequencies, affects

both ears (bilateral) and the degree of severity is comprised

between mild to moderate, but in some cases severe to

profound. To date 41 different NSAD hearing loss loci have

been described and 17 different genes identified (see

Hereditary Hearing Loss Homepage). This extreme genetic

heterogeneity suggests that there are many different
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processes within the inner ear that, once altered, can cause

hearing loss.

Materials and methods
Patients and DNA samples

We included a large Italian kindred affected by NSAD hear-

ing loss (Figure 1a) in a genome wide search. The family,

coming from Southern Italy, is affected by progressive post-

lingual sensorineural deafness due to a mutation which

appears to be completely penetrant, with a variable age of

onset (30 – 35 years old for the first symptoms; 20 – 25 years

old for the first audiometric abnormalities). Affected indivi-

duals experience high frequency hearing loss which

progressed with age to include middle and lower frequen-

cies. Around the age of 50 they invariably present a

moderate to severe sensorineural deafness. Audiograms

showed different degrees of hearing impairment, ranging

from moderate to severe sensorineural hearing loss (data

not shown). Tympanometry results indicated proper func-

tioning of the tympanic membrane and middle ear (data

not shown). Vestibular and/or visual involvement was

excluded in all affected individuals either by physical exam-

ination and history. Peripheral blood was obtained from all

subjects, and DNA was isolated from blood leukocytes

according to standard methods.

Linkage analysis

The genome wide search was performed using the ABI

PRISM Linkage Mapping Set v.2 (Perkin Elmer, USA), char-

acterized by over 375 markers that define a 10 cM

resolution human index map. PCR reactions using fluores-

cently labelled primers were run under the conditions

suggested by the supplier. An aliquot of each PCR reaction

was run on an ABI PRISM 3100 DNA sequencer and results

were processed by GENESCAN software. Allele assignation

was carried out using the GenotyperTM software. Statistical

analysis was performed on the basis of an autosomal disease

with complete penetrance. Individuals 23 and 30 are

younger than the mean age of onset (18 and 20 years old,

respectively) and we do not have any clinical and/or instru-

mental record of them because they refused to undergo any

specific examination. Thus, their phenotype was considered

as unknown. The disease-gene frequency was set to 0.012,

and all marker alleles were considered to be equally

frequent. We have performed a simulation study using

SLINK and obtained an average maximum LOD score of

2.74 with this pedigree. Pairwise linkage analysis was

performed using the MLINK program version 5.2 from the

LINKAGE computer package5 and using FASTLINK version

4.1P.6 The approximate 95% confidence limits for the maxi-

mum recombination fraction (Thetamax) at the maximum

LOD score (Zmax) were calculated by the 1-LOD-down meth-

od.5 Alleles were down-coded without loss of informativity

to reduce computing time. The multipoint parametric

analysis was performed by SimWalk2 v.2.82 using Markov

chain MonteCarlo (MCMC) and simulated annealing algo-

rithms.7 Files for SimWalk analysis were prepared using

the Mega2 software.8

Figure 1 Drawing of the large Italian multigenerational pedigree affected by non syndromic autosomal dominant hearing loss.
The pedigree segregates with DFNA47. Black symbols represent individuals with hearing impairment due to DFNA47. Clear symbols
represent healthy individuals. Haplotypes for the most closely linked microsatellites are shown below each symbol. Arrows mark
recombinational events. Question mark on individual symbol means phenotype unknown.
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Results
A genome wide search to map the disease locus in this large

Italian kindred has been performed using commercially

available microsatellite panels. Pairwise linkage analysis

showed a maximum Lod score of 3.58 with marker

D9S285 at a recombination frequency of y=0. Additional

significant lod scores have been obtained with marker

D9S157 (3.14) located centromeric to D9S162 (Table 1).

Negative results were obtained for all the remaining loci

investigated in the genome wide search. Additional markers

(D9S268, D9S162, D9S1684 and D9S942) have been

analysed to confirm and better define this positive region.

Pairwise linkage data confirmed this locus with a maximum

Lod score of 3.67 with marker D9S162 at a recombination

frequency of y=0 (Table 1). Recombinants narrow down a

candidate region to approximately 9 cM (as obtained from

NCBI database) between marker D9S268 and D9S942. The

locus symbol DFNA47 has been assigned to this new NSAD

hearing loss locus. The maximal map-specific LOD score

obtained with multipoint analysis was 4.26 (Figure 2).

Discussion
In this study we have shown linkage of dominant progres-

sive hearing loss in a large multigeneration Italian kindred

coming from Southern Italy to chromosome 9p21 – 22

(DFNA47). Linkage analysis with highly informative micro-

satellite markers produced a maximum lod score of 3.67

with marker D9S162 at a recombination frequency of 0.

Multipoint linkage analysis further confirms this region

with a maximum location score of 4.26. The region defined

by recombinants is approximately 9 cM and it contains

some known genes. None of them could be considered as

a strong candidate but only two weak candidates can be

taken into account. The first is SLC24A2 gene, which is a

Na-Ca+K-Exchanger, and thus can be hypothetically

involved in the homeostasis of endolymphatic fluid while

the second one is endophilin 1A gene, which binds dyna-

min that is expressed in the inner ear. On the contrary,

several genes with unknown function are contained in

the region and cannot be ruled out as candidate ones.

Those functionally related to hearing or expressed in the

inner ear are being screened for deafness-causing muta-

tions.

Finally, the identification of a new locus for NSAD hear-

ing loss further confirms the great genetic heterogeneity for

this type of deafness making the understanding of molecu-

lar bases of hearing loss even more puzzling.
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Figure 2 Graphic representation of a multipoint analysis
performed with SimWalk2 in a large pedigree affected by NSAD
hearing loss. The genetic map distance in centimorgans (cM) for
chromosome 9 markers is given in X axis.

Table 1 Pairwise Los scores between DFNA47 hearing loss locus and chromosome 9p21 – 22 markers

MARKER 0.000 0.010 0.050 0.100 0.200 0.300 0.400 0.500 Z max y max

D9S268 -inf 0.69 1.19 1.24 1.00 0.61 0.21 0.00 1.24 0.086
D9S285 3.58 3.51 3.24 2.88 2.14 1.34 0.54 0.00 3.58 0.001
D9S157 3.14 3.08 2.81 2.47 1.75 1.00 0.30 0.00 3.14 0.001
D9S162 3.67 3.60 3.32 2.95 2.17 1.35 0.55 0.00 3.67 0.001
D9S1684 1.85 1.80 1.62 1.39 0.95 0.52 0.17 0.00 1.85 0.001
D9S942 -inf 1.19 1.64 1.62 1.24 0.73 0.26 0.00 1.66 0.068
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