
A novel splice site mutation in the RDX gene causes DFNB24
hearing loss in an Iranian family

A. Eliot Shearer, BSc1,*, Michael S. Hildebrand, PhD1,*, Catherine Bromhead2,3, Kimia
Kahrizi, MD4, Jennifer A. Webster, BA5, Batool Azadeh, MD6, William J. Kimberling, PhD7,
Ali Anousheh, BSc4, Arash Nazeri, BSc4, Dietrich Stephan, PhD5,8,9, Hossein Najmabadi,
PhD4, Richard J.H. Smith, MD1,10, and Melanie Bahlo, PhD2

1Department of Otolaryngology - Head and Neck Surgery, University of Iowa, Iowa City, IA, USA
2Bioinformatics Division, The Walter and Eliza Hall Institute of Medical Research, Melbourne,
Australia
3Department of Mathematics and Statistics, The University of Melbourne, Melbourne, Australia
4Genetics Research Center, University of Social Welfare and Rehabilitation Sciences, Tehran,
Iran
5Neurogenomics Division, Translational Genomics Research Institute, Phoenix, AZ, USA
6Welfare Institution, Esfahan , Iran
7Department of Genetics, Boys Town National Research Hospital, Omaha, NE, USA
8Arizona Alzheimer's Consortium, Phoenix, AZ, USA
9Banner Alzheimer's Institute, Phoenix, AZ, USA
10Interdepartmental PhD Program in Genetics, Department of Otolaryngology, University of Iowa,
Iowa City, Iowa City, IA, USA

Keywords
DFNB24; RDX; splice site mutation

To the Editor:

Hearing impairment is the most common genetic sensory defect in humans worldwide. It is
estimated that profound hearing loss occurs in 4 out of every 10,000 children [Morton
1991]. Seventy percent of hereditary SNHL is nonsyndromic (DFN) and in at least 80% of
these cases the inheritance is autosomal recessive (DFNB) [Smith et al., 2005]. Genetic
studies have shown that mutations in 67 loci and 25 genes are associated with DFNB [Van
Camp and Smith, 2008]. Further understanding of the molecular mechanisms associated
with SNHL will assist in the development of therapeutics for hereditary hearing loss in the
future.

Mutations in the RDX gene that encodes the radixin protein have recently been shown to
cause DFNB24 hearing loss in consanguineous Pakistani and Indian families [Khan et al.,
2007]. In this study, we report a novel splice site mutation in the RDX gene in a
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consanguineous Iranian family with autosomal recessive non-syndromic hearing loss
(ARNSHL). This mutation is only the fourth to be identified at the rare DFNB24 ARNSHL
locus and the second that is predicted to lead to nonsense mediated decay or a truncated
version of the radixin protein.

A five-generation Iranian family with apparent congenital ARNSHL was studied (Fig.1).
Family members in the fourth and fifth generations had severe-to-profound hearing loss
suggesting autozygosity by descent (Fig.2). A complete physical examination and
audiologic testing was completed on consenting family members and blood samples were
obtained for DNA extraction. Liver function testing on affected individual V:2 showed total
bilirubin (0.4 mg/dl), direct bilirubin (0.1 mg/dl), alanine transaminase (41 U/ml), aspartate
transaminase (35 U/ml) and alkaline phosphatase (229 U/L), all normal. Human Research
Institutional Review boards at the Welfare Science and Rehabilitation University and Iran
University of Medical Sciences and the University of Iowa approved all procedures.

Genomic DNA from individuals III:1, IV:3, IV:4, IV:5, IV:6, IV:7, IV:8, V:1, V:2, V:3, and
V:6 (Fig.1) was genotyped for 50,000 SNPs using Affymetrix (Santa Clara, CA, USA) 50K
XBA GeneChips at the Translational Genomics Research Institute (Pheonix, Arizona). All
genotypes were determined using the BRLMM genotyping algorithm [Di et al.,
2005;Rabbee and Speed 2006]. Genotyping data were examined with PEDSTATS
[Wigginton and Abecasis 2005] for Mendelian inheritance errors and MERLIN [Abecasis et
al., 2002] for errors based on inferred double recombination events between tightly linked
markers. Because the size of the pedigree was above the threshold for efficient
implementation of the Lander-Green multipoint linkage mapping algorithm, a smaller subset
of the pedigree was used which only considered the descendents of individuals III:1, III:2,
III:3, III:4 (Fig.1).

An autosomal, genome-wide parametric linkage analysis was carried out as the pedigree
showed affected males and females. All linkage analyses were performed with MERLIN.
The Lander-Green multipoint linkage mapping algorithm assumes linkage equilibrium. The
markers were too close together to be in linkage equilibrium, so a smaller marker set was
created using an in-house program (linkdatagen.pl;http://bioinf.wehi.edu.au/ software/). The
binsize was set to 0.5 cM (i.e. the highest heterozygosity marker was chosen in each 0.5 cM
interval) and 6140 autosomal markers were selected. Linkage analyses were carried out
using the following parameters for the disease allele a, and normal allele A - Pr(a)=0.0001,
Pr(disease|aa)=0.999, Pr(disease|AA or Aa)=0.001 - reflecting a highly penetrant, autosomal
recessive disease model. The genetic map used was generated by Affymetrix using
interpolation based on the empirical deCode, Marshfield and SNP Linkage (SLM1) genetic
maps [Broman et al., 1998; Kong et al., 2002]. The physical map used was derived from the
UCSC database using the NCBI Build 36.1 (March 2006;
http://genome.ucsc.edu/cgi-bin/hgGateway).

In the genome-wide analysis 38 Mendelian (.07% error rate) and 168 double recombinant
errors were detected. A peak LOD score of 4.13 was achieved for a region on chromosome
11 (Fig.3) and there were no other regions where the LOD score exceeded 3. The critical
region spanned approximately 3.6 cM between markers rs1789819 (109,185,632 bp) and
rs10502160 (112,122,938 bp) (Fig.1). All four affected individuals included in the mapping
were homozygous for a region between 108.814 cM and 112.368 cM on chromosome 11
(11q22.3-23.1).

The critical region contained the known ARNSHL locus DFNB24. The RDX gene was
amplified and sequenced using previously reported gene-specific primers [Khan et al.,
2007]. A novel homozygous splice site mutation (c.698+1G>A) in intron 7 was found to
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segregate in affected family members (Fig.4). The +1G nucleotide of the 5’ donor splice site
is invariant among all eukaryotes [Shapiro and Senapathy, 1987]. The c.698+1G>A
mutation is predicted to result in read-through into intron 7 and a stop codon immediately
following the amino acids encoded by exon 7. The last residue encoded by exon 7 would
remain a lysine (K) due to the redundancy of the genetic code (AAG > AAA) and the next
codon created would be a stop (TAA). This is predicted to result in a severely truncated
protein lacking part of the FERM3 domain and the entire α- and c-terminal (CTD) domains
(Fig.5), although the mutant mRNA may be subject to nonsense mediated decay and in this
case no mutant protein would be produced. The c.698+1G>A mutation was not observed in
53 (106 chromosomes) Iranian and 133 (266 chromosomes) CEPH control individuals.

Radixin and ezrin are present in the hair cell stereocilia of the mouse inner ear [Kitajiri et al.,
2004; Pataky et al., 2004]. While it is known that radixin functions as a linker between sub-
cellular actin and the plasma membrane [Niggli and Rossy 2008], the exact role of this
protein in the stereocilia of hair cells is unclear. Current knowledge of the role of these
proteins in the inner ear comes from study of a radixin knockout mouse model.

RDX −/− mice exhibit syndromic hearing impairment and hyperbilirubinemia [Kikuchi et
al., 2002; Kitajiri et al., 2004]. The murine liver phenotype does not appear to model the
human phenotype. One affected individual in the family reported here and another in a
previously reported DFNB24 family have been shown to have normal liver function [Khan
et al., 2007].

In conclusion, we have identified the first splice site mutation in the RDX gene and the first
mutation known to cause DFNB24 hearing loss in the Iranian population. Our data also
suggest that, in contrast to the murine model, liver dysfunction is not a component of the
human phenotype. DFNB24 appears to be a rare form of ARSNHL as only four families
have been reported. Further characterization of the molecular events triggered by this new
mutation may increase our understanding of the function of radixin protein in the inner ear.
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Fig. 1.
Pedigree of the Iranian family with ARNSHL. Open symbols = unaffected; filled symbols =
ARNSHL. The genotypes and haplotypes for affected individuals and carriers are shown.
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Fig. 2.
Audiograms from affected family members. All affected individuals displayed severe-to-
profound bilateral ARNSHL.
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Fig. 3.
Graphic showing the only significant LOD score achieved in the genome-wide analysis on
chromosome 11. The dashed line indicates threshold (LOD score of 3). The dotted line at
LOD score of 3.6 represents the Lander-Kruglyak threshold. The peak LOD score was 4.13.
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Fig. 4.
Sequence chromatograms showing the novel c.698+1G>A mutation in the RDX gene.
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Fig. 5.
Domain structure of the RDX gene showing mutations known to cause DFNB24 hearing loss
in humans. The novel splice site mutation described in this study (c.698+1G>A) is boxed.
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