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Hereditary hearing loss is divided into two groups,
syndromic and non-syndromic, the latter being more
common and highly heterogeneous. Linkage analyses
were performed on a Japanese family showing a
dominant form of non-syndromic progressive sensori-
neural hearing loss. This gene ( DFNA11) was localized
within the region of chromosome 11qg which contains the
second gene for a recessive form of non-syndromic

The identification of genes for such forms of hearing loss may
offer insights into devising therapies which can arrest or impede
the progression of disease. Recent studies have succeeded ir
mapping genes for non-syndromic sensorineural hearing loss,
including six dominant gene§<10). In these reports, hearing
loss was generally progressive. In this study, linkage and
haplotype analysis was performed on a Japanese family to
localize the gene responsible for a dominant form of non-syn-
dromic progressive sensorineural hearing loss.

sensorineural hearing loss ( DFNB2). Since it has been
reported that another gene for dominant non-syndromic
hearing loss ( DFNA3) has been mapped to the same
region as the first gene for recessive hearing loss
(DFNB1), it is possible that different mutations in the
DFNBZ2 gene may result in either dominant or recessive
hearing loss.

RESULTS
Family data and clinical evaluation

Figurel shows the pedigree of the affected family from Tochigi
prefecture, Japan. The pattern of hearing loss clearly revealed an
autosomal dominant inheritance with no evidence of nonpene-
Hereditary hearing loss is divided into two groups, syndromic artthnce. Most affected individuals noticed hearing loss in their first
non-syndromic, the latter being more common and highlgecade of life after complete speech acquisition, with subsequent
heterogeneoug). More than 20 forms of non-syndromic hearinggradual progression. All affected individuals suffer from bilateral
loss have been established based on the mode of inheritance,sagesorineural hearing loss without vertigo or any other associated
of onset, severity of hearing loss, and type of audioglam ( symptoms. They had symmetric, gently sloping or flat audio-
These clinical distinctions are important for characterizing eagrams with hearing loss at all frequencies. Most affected
form, but it is uncertain as to how many different genes may bedividuals between the ages of 20 and 60 years had moderate
responsible for each form of non-syndromic hearing loss. hearing loss. Complete audiologic examinations were performed

Based on audiologic findings, non-syndromic hearing loss @n four affected individuals and demonstrated cochlear involve-
subdivided into three categories: sensorineural, conductive, amgnt. Of the four individuals who underwent caloric testing, two
mixed. Hereditary hearing loss generally presents a difficulty imdividuals in generations Il and Il exhibited decreased re-
preserving or restoring hearing ability, except for several formgponses bilaterally, while the other two individuals in generation
of conductive or mixed hearing loss. Much remains to be clarifid¥ showed normal responses. Affected individuals showed no
about the mechanisms of non-syndromic sensorineural heariegdence for other factors predisposing to hearing loss with the
loss. A mitochondrial ribosomal RNA mutation has recently beeexception of individual 111-2, who had a history of chronic otitis
identified as one cause of maternally inherited non-syndromioedia in the left ear. She noticed hearing loss long before
sensorineural hearing losy.(However, an additional autosomal suffering from chronic otitis media. Myringoplasty of the left ear
recessive mutation has been postulated as the other essential fadteviated the conductive component of hearing loss. Audiologic
for phenotypic expressiod)( but it has not yet been identified. findings strongly suggested bilateral cochlear involvement for

Some forms of non-syndromic sensorineural hearing loss ocdugr hearing loss. Therefore, she was included in the linkage
in childhood or in early adulthood, and gradually become worsanalysis as an affected individual.

INTRODUCTION
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Figure 1. The Japanese family with non-syndromic sensorineural hearing loss. Filled symbols denote affected individuals. The genotypes for the markers
chromosome 11q are given below each individual. Parentheses denote inferred genotypes. Boxes indicate the haplotypEdikided to

Linkage analysis The haplotype analysis in this family is shown in Figuaad
demonstrates three obligatory recombination events, which
. . . . localized the gene for hearing loB¥-NA1]) within the genetic
Three loci for autosomal dominant non-syndromic sensorlneur@gion defined byp11S1335ndD115931 Multipoint linkage

hearing loss had been reportée) when the linkage analysis 4n,\ysis supported this region asféNA1Llocus, but could not
was begun. After exclusion of the three loci, we have performeglfine the interval any more precisely (Fly.

an extensive search of the complete human genome using more

than 300 polymorphic microsatellite markers. Linkage was ﬁr%ISCUSSION

detected with the mark&11S2371on chromosome 11q, which

gave a maximal pairwise LOD score of 3.256at 0. The The present study shows evidence for significant genetic linkage
approximate location of this marker is close to theDBNB2  between several markers on chromosome 11q and a gene causing
(12), which is the second gene for non-syndromic recessidminant, non-syndromic sensorineural hearing loss in a Japan-
sensorineural hearing loss. Additional markers covering thisse family. Obligatory recombination events defined the region
region were selected from the Généthon marker collecti®)n ( for the gene for hearing los®FNAL], between markers
and from those described in a previous repit). (Since D11S133%ndD11S931 These markers have been assigned to
D11S2371has not been positioned precisely on the Généthahromosome 11g12.3-q13.1 and 11g14.3-q21, respectively (Ge-
genetic linkage map, it was not included in the subsequendbme Database). Thus, tBRENA1lgene maps to chromosome
analyses. Significant linkage also was observed for the other 4ikq12.3-q21. This region contains another locus for non-syn-
fully informative markers which gave maximal LOD scoresdromic hearing loss associated with recessive inheritance,
exceeding 3.0 & = 0 (Tablel). Various assumptions of the DFNB2 which already has been mapped to an interval between
frequencies of the gene for hearing loss and the alleles did m@11S916and D11S9370on chromosome 11g13.831j. It is
significantly alter the LOD scores (data not shown). tempting to speculate that this gene may be the common
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denominator for both forms of hearing loss, although a numb« Lo
of genes may be located in this region. Another gene responsil score e ki
for a dominant form of non-syndromic sensorineural hearing los = [ DAEETE e | e D I

DFNAZ3 is noted to have been mapped to the same region as" Dﬁ';::'* —t i} ___:::_?m:ﬂ;:m
first gene for recessive hearing IABENB1(7). It was suggested 01181838 - F D1 151354
that different mutations in the sarb#-NB1 gene may cause i DHiEEH

dominant or recessive hearing loss and that some of the ott
genes for hearing loss may be responsible for both modes
inheritance 7). In this report, several examples of mutations in ~1
the same gene resulting in either dominant or recessive disei /

were cited {). A similar situation also has been observed in the ; L \
von Willebrand factor gené ), the thyroid hormone recep{or
gene (4), and thg3-globin gene5). Considering these facts, we

hypothesize that both dominant and recessive mutations with ¢
the DFNB2 gene cause non-syndromic hearing loss. \

Table 1.Pairwise LOD scores betwe®FNAlland chromosome 11q S0 90 =20 Y i) 40 P ] 80 100

marker loci
Map distance (In centimaorgans)

Locus s?)%ombgngtllon froagtgl)orﬁﬁo 1 0.2 03 0.4 Figure 2. Multipoint linkage analysis betwedFNA1land the markers on
' ) ' ' ) ) ) chromosome 11g. The location®11S1335vas set at map position zero.

D11S1335 —275 120 169 1.71 141 092 037

D11S987 325 320 297 267 201 127 049 myosins play important roles in various forms of sensorineural

D11S1314 325 320 297 267 201 127 049 hearing loss.

D11S916 324 319 296 266 200 1.26 049 In this study, some of the alleles linked to BfeNA1llocus

D11S534 241 236 219 195 144 087 029 were present in very low frequencies in the normal control

D11S527 325 320 297 267 201 128 050 population living in the same area as the family studied. For

D11S937 325 320 297 267 201 128 050 instance, the frequencies of allele 6BdA1.S527and allele 1 for

D11S918 395 320 297 267 201 128 o050 D11S1314vere 0.01 and 0.02, respectively. Moreover, none of

D11S901 211 207 191 170 124 073 o023 thenormal |nd|V|dl_JaIs t_>ore the_lmked alleles IniﬂS9_18and _

D11S1354 060 058 053 046 031 017 o005 D11S987as described m_M_aterlaIs and I\/_Igth_ods. It is possible
hat these alleles may be in linkage disequilibrium R#NA11

D11S931 — 037 091 1.00 084 052 0.17 t

A large-scale study of families showing linkage toDRéNA1L
locus and normal control individuals in a Japanese population will

the same chromosomal regionZBNB2 (16,17). The pheno-

typic difference between them is the absence of visual impairmefiATERIALS AND METHODS
in DFNB2. Despite this clear difference, it is still possible tha|r: v d

USH1B and DFNB2 represent allelic heterogeneity at a single@Mly data

locus (11,18,21). Both theUSH1Band theDFNB2 genes were Al the family members included in this study gave a complete
predicted to be the human homologue ofstreker-1(sh1)gene history and underwent otoscopic examination and pure tone
located on mouse chromosome 7,19). Shaker-1USH1B, and  audiometry with air and bone conduction. Selected members with
DFNB2 present hearing loss and some vestibular abnormalitiggaring loss underwent general medical and audiologic examin-
(11,18). Although no family members presented with vertigo inations including speech discrimination scores, Békésy audio-
this Study, caIOI_‘IC teStlng n S.eleCted merT_]be.rS revealed ag'ﬁetry, tympanometry, acoustic reflex thresho|dsl evoked
dependent vestibular dysfunction. These findings showed tBgyacoustic emissions. In addition, vestibular function was

phenotypic similarity between DFNA1l and DFNB2, andevaluated by bithermal caloric testing.
support our hypothesis. Tealgene recently has been found to

encode an unconventional myosin molecule of the type Vi
family (20). Moreover, a human gene encoding myosin Vlla has
been reported to be responsible for USHAB.(Thus, it can be Peripheral blood samples were taken from each family member
supposed that USH1B, DFNB2, and DFNA11 are caused Iafter informed consent was obtained. Genomic DNA was
different mutations in the same gene which encodes myosin Vlkextracted and a polymerase chain reaction using polymorphic
Another unconventional myosin, hair-bundle myosin I, is thoughharkers was performed as report&#) (except that the radio-

to be responsible for the adaptation of mechanoelectricattive bands were detected with a Fujix Bioimaging Analyzer
transduction by hair cells of the inner €22,23). Very recently, BAS2000 (Fuji Film). All primer sequences originated from the
it has been shown that the mo&ell's waltzedeafness gene Généthon marker collectionld) except for D11S534 and
encodes an unconventional myosin VI, which appears to i11S527 which previously have been describetl)( In
required for maintaining structural integrity of hair cells of theaddition, a CHLC human screening set (Weber version 6;
inner ear?4). These reports strongly suggest that unconventionResearch Genetics) was used in the genomic searches.

enotyping
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