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Summary

We performed linkage analysis in a Belgian family with
autosomal dominant midfrequency hearing loss, which
has a prelingual onset and a nonprogressive course in
most patients. We found LOD scores >6 with markers
on chromosome 11q. Analysis of key recombinants
maps this deafness gene (DFNA12) to a 36-cM interval
on chromosome 11q22-24, between markers D1154120
and D11S912. The critical regions for the recessive deaf-
ness locus DFNB2 and the dominant locus DFNA11,
which were previously localized to the long arm of chro-

mosome 11, do not overlap with the candidate interval
of DFNA12.

Introduction

Nonsyndromic hearing loss is a very common sensory
disability. It can be classified in two groups: prelingual
and postlingual. Prelingual hearing loss occurs at a fre-
quency of 1/1,000 births and has a monogenic origin in
~50% of cases (Morton 1991). Prelingual hereditary
hearing loss has a recessive mode of inheritance in 75%
of cases and a dominant inheritance pattern in 20%-
25% (Cohen and Gorlin 1995). However, prelingual
hearing loss makes up only a small part of the hearing
loss in the total population, because postlingual hearing
loss is much more frequent. At the age of 65 years,
nearly 10% of the western population has a significant
hearing loss, and this figure rises to ~50% at the age
of 80 years (Morton 1991). In most cases, postlingual
hearing loss is probably a multifactorial disease caused
by an interaction of environmental and genetic factors.
However, there are families with purely genetically de-
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termined postlingual hearing loss. With few exceptions,
these families have an autosomal dominant mode of in-
heritance (Cohen and Gorlin 1995). These families pres-
ent an ideal opportunity to identify the genes responsible
for postlingual hearing impairment, by linkage analysis
and positional cloning.

At present, 4 loci for X-linked hearing loss, 11 loci
for autosomal dominant hearing loss, and 11 loci for
autosomal recessive hearing loss have been reported. A
review of the gene localizations for nonsyndromic hered-
itary hearing loss can be found on the Hereditary Hear-
ing Loss homepage (Van Camp and Smith 1996). These
26 loci clearly illustrate the genetic heterogeneity of
hearing loss. Linkage to regions on the X chromosome
has been found in families with X-linked profound pre-
lingual hearing loss and in families with mixed conduc-
tive and sensorineural hearing loss. The dominant fami-
lies for which linkage has been found originate from a
great number of countries, and most of them show a
postlingual, progressive hearing loss. However, both a
French family (DFNA3) (Chaib et al. 1994) and an Aus-
trian family (DFNAS) (Kirschhofer et al. 1995) have a
moderate to severe stable hearing loss with prelingual
onset. The recessive families, on the contrary, are all
consanguineous and originate from ethnic isolates. The
hearing loss in these recessive families is always charac-
terized by a prelingual onset and a profound and station-
ary disease pattern, with the exception of DFNB8 (Veske
et al. 1996). The hearing loss in this family is postlingual
and progressive, although the onset is early, and prog-
ress is rapid compared to most dominant families.

Until now only two genes for hereditary nonsyn-
dromic hearing loss have been identified. Mutations in
the POU3F4 gene are responsible for X-linked mixed
hearing loss with stapes fixation (DFN3) (de Kok et
al. 19935), and a mutation in the myosin VIIA gene on
chromosome 11q13.5 is responsible for DFNB2 (C.
Petit, personal communication). Previously, mutations
in the myosin VIIA gene had already been shown to be
responsible for Usher syndrome typelB, a recessively
inherited combination of prelingual deafness and pro-
gressive retinitis pigmentosa (Weil et al. 1996). In the
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present study, we mapped a new gene for autosomal
dominant hearing loss to chromosome 11q, telomeric
to the previously localized DFNB2 and DFNA11 genes.

Material and Methods

Clinical Diagnosis

A family pedigree was constructed at the Saint Au-
gustinus Hospital, and audiograms and blood samples
from the family members were obtained after informed
consent was granted. We performed pure-tone audiome-
try on all family members with air conduction at 250,
500, 1,000, 2,000, 4,000, 6,000, and 8,000 Hz and with
bone conduction at 500, 1,000, 2,000, and 4,000 Hz.
Family members were considered to be affected if they
had a bilateral sensorineural hearing loss at the mid-
and high frequencies below the 95th percentile of an
age- and sex-dependent control curve of the general pop-
ulation (International Organization for Standardzation
1984). Information on deceased members of the pedi-
gree obtained from relatives indicated that three individ-
uals in the older generation had manifested hearing loss.
Family members were considered to be unaffected if
their hearing thresholds (at most frequencies) were bet-
ter than the 20-dB hearing level (HL) or above the 50th
percentile (International Organization for Standardiza-
tion 1984). Patients with a hearing loss suspected to be
caused by other than genetic causes, patients with an
audiogram atypical for this family, and patients with
threshold values between the 50th and 95th percentile
were given an uncertain affection status and were ex-
cluded from the genetic analysis.

Genetic Analysis

Genomic DNA was extracted from blood samples by
standard techniques. Microsatellite markers were ampli-
fied using PCR and separated on polyacrylamide gels
(Hughes 1993). All markers used are listed in the most
recent Généthon map (Dib et al. 1996).

Linkage Analysis

Linkage analysis was carried out using the LINKAGE
5.1 program package (Lathrop and Lalouel 1984) and
the FASTLINK computer program (Cottingham et al.
1993). MLINK two-point linkage analysis was per-
formed between the disease gene and each marker. The
deafness was coded as a fully penetrant autosomal domi-
nant trait with a gene frequency of .0001. Equal recom-
bination frequencies between males and females were
assumed. For each marker, the number of alleles in the
LOD-score calculations was set at the observed number
of alleles in the pedigree (N), and allele frequencies were
set equal at 1/N. Changes in the allele frequencies re-
sulted in only minor alterations of the two-point LOD
scores and did not alter the conclusions of the study.
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Results

Family Pedigree

In this family, bilateral sensorineural hearing loss is
transmitted in an autosomal dominant way. Fourteen
tested family members between the ages of 6 and 85
years were considered to be affected. Nine tested family
members were considered to be unaffected, and nine
family members were excluded from the linkage studies
because of an uncertain affection status. Examination
of the audiograms of the 14 affected individuals showed
a mild to moderately severe hearing loss (21-80 dB best
ear HL), mainly in the middle frequencies (500-2,000
Hz). There was no correlation between the severity of
hearing loss and age. No hearing loss was found ex-
ceeding a Fletcher index of 73 dB HL. The history and
records of most of the patients suggested a prelingual
onset (at birth or in the first years of life) with no pro-
gression over the subsequent decades.

Seven affected family members had complaints of tin-
nitus. There were no family members with a history of
dizziness or vertigo. Because no further abnormalities
were found, the deafness was classified as nonsyn-
dromic.

Linkage Analysis

Linkage to known deafness loci, DFNA1-DFNA10
and DFNB1-DFNB9, was investigated in our family
with the markers listed on the Hereditary Hearing loss
homepage (Van Camp and Smith 1996). Negative LOD
scores were obtained for each of these chromosomal
regions, with the exception of DFNB2 on chromosome
11q. Suggestive LOD scores of ~2.0 were obtained for
DFNB2 with D115937 and D115911. Therefore, addi-
tional markers spanning the DFNB2 region were ana-
lyzed. Figure 1 shows the relative position of these mark-
ers on the Généthon map (Dib et al. 1996). Two-point
LOD scores >6 were obtained with several markers 20~
40 cM telomeric to DFNB2. The LOD scores for linkage
of the deafness locus in our family with the 11q markers
are given in table 1.

The most likely 11q haplotype was constructed for
the family represented in figure 2. In all affected family
members, the linked haplotype was found. Three key
recombinants were identified. In patient IV-2, a recom-
bination is present between D115912 and D1154151,
mapping DFNA12 centromeric to marker D115912.
This localization is confirmed by a recombination be-
tween the same markers in individual III-1. Another im-
portant recombinational event is present in individual
III-8 between D11S4120 and D11S1778, mapping
DENA12 telomeric to D11S4120. His two affected
daughters (IV-9 and IV-10) have inherited this recombi-
nant chromosome, confirming the localization of
DFNA12 telomeric to D1154120. Combining the infor-
mation from these recombinants indicates that the criti-



Verhoeven et al.: Nonsyndromic Deafness (DFNA12) Maps to 11q22-24

e MO NT N0 TN
- o~ ANt

U~ £ W 00 v

L s =

LI T B A T B I

_‘P" b s i b

00 = 04 f= W 00 68 W D

10

= el B F N o ]
G |

Lottt o I - W

e — S —m

’

10

87

DN — W~ MDD

R M N NN e St D

8

II

| s - |

—
g
NO W= ™M =
CA~ DYoo
—m o N =
St =N — AT AT
NN NN NU U AD
[afaYalajaYaYa§alaNa

o= TR . R TIEY- R
=N MmN

7

I'!‘\-f-rr—f"llhr.lf'\'r\ul

[ A B - I i Mg

N GGG

= N A D N en

N A

88

NO NSNS D
NN —en N2 nn

84

= 0D W MDD DM

R - - I I T
| e A |

6

-

00 — — <+ \D O 00 N
| BRI EEIG)

B O B O [HO ﬁ——cg o & O O

42

|

M= =00 WA
T o
MENWN—AN VN
DR NO o
—OM
@ — NS

08
5
5
46

Oo

B |

TN~
00 = = < D \D 00 N N WY

1171

00— — < O\ 0NN

wN\n-—mNEw

_D.-

I

mwﬁ'Nvmvn\me
AN —~DoNNn
- BHEMS—mone
0N =N~ MmN o0
S0 — o
l"-'rvmmmmﬂ'r'al
it o H . S Rt B
| R |

o D

o+ =
| 1w el

Pedigree of the Belgian family with autosomal dominant hearing loss, showing the most likely haplotypes for the chromosome 11 markers. Only family members of whom

Figure 2

DNA was analyzed are numbered. The haplotype linked to DFNA12 is boxed.



Verhoeven et al.: Nonsyndromic Deafness (DFNA12) Maps to 11q22-24

Lathrop GM, Lalouel JM (1984) Easy calculations of lod
scores and genetic risks on small computers. Am | Hum
Genet 36:460-465

Morton NE (1991) Genetic epidemiology of hearing impair-
ment. Ann N Y Acad Sci 630:16-31

Mouse Genome Database (1996) Mouse genome informatics.
http://www.informatics.jax.org/ (July 29)

OMIM (Online Mendelian Inheritance in Man) (1996) Center
for Medical Genetics, Johns Hopkins University, Baltimore,
and National Center for Biotechnology Information, Na-
tional Library of Medicine, Bethesda. http://www3.ncbi.nl-
m.nih.gov/omim/ (September)

Smith RJH, Lee EC, Kimberling W], Daiger SP, Pelias MZ,
Keats BJB, Jay M, et al (1992} Localization of two genes
for Usher syndrome type 1 to chromosome 11. Genomics
14:995-1002

Strubin M, Newell JW, Matthias P (1995) OBF-1, a novel
B cell-specific coactivator that stimulates immunoglobulin
promotor activity through association with octamer-binding
proteins. Cell 80:497-506

1173

Tamagawa Y, Kitamura K, Ishida T, Ishikawa K, Tanake H,
Tsuji S, Nishizawa MA (1996) A gene for a dominant form
of non-syndromic sensorineural deafness (DFNA11) maps
within the region containing the DFNB2 recessive deafness
gene. Hum Mol Genet 5:849-852

Van Camp G, Smith RJH (1996) Hereditary hearing loss
homepage. http://dnalab-www.uia.ac.be/dnalab/hhh (Octo-
ber)

van Heyningen V, Little PFR (1995) Report of the Fourth
International Workshop on Human Chromosome 11 Map-
ping 1994. Cytogenet Cell Genet 69:127-158

Veske A, Ochlmann R, Younus F, Mohyuddin A, Miiller-
Myhsok B, Mehdi SQ, Gal A (1996) Autosomal recessive
non-syndromic deafness locus (DFNB8) maps on chromo-
some 21q22 in a large consanguineous kindred from Paki-
stan. Hum Mol Genet 5:165-168

Weil D, Blanchard S, Kaplan J, Guilford P, Gibson F,
Walsh J, Mburu P, et al (1995) Defective myosine VIIA
gene responsible for Usher syndrome type 1B. Nature
374:60-61



