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Fig. 4. Results of haplotype analysis of patients who had p.R1939Q alleles and their parents. (a) A part of tested single nucleotide polymorphisms
(SNPs) and a microsatellite marker in relation to the genetic map around OTOF (chromosome 2p23.1). The region corresponding to the haplotype
associated with the p.R1939Q mutation is indicated by black. Allele frequency of each SNP and a microsatellite marker is shown in a parenthesis.
(b) Haplotypes of 11 auditory neuropathy (AN) patients with hearing loss who had p.R1939Q and their parents. The haplotype is indicated beside
the vertical bars. The number under the symbol is the patient identification number in Table 2. A recombination point is indicated by grey in patient

2. :

loss (14), and several mutations were associated with
temperature-sensitive AN (11, 13, 15, 20). p.R1939Q
homozygotes had a consistent phenotype of congenital
or early-onset, stable, and severe-to-profound hearing
loss with a flat or gently sloping audiogram. The same
phenotype has also been reported in a family in United
States, which included compound heterozygotes having
p-R1939Q and a truncating mutation (19). Patients that
were compound heterozygotes of p.R1939Q and trun-
cating mutations or a putative splice site mutation also
exhibited the similar phenotype in the present study.
Thus, p.R1939Q variants are likely to cause severe
impairment of otoferlin function. In contrast, a sub-
ject that was a compound heterozygote of p.R1939Q
and a non-truncating mutation presented with a distinct
phenotype of congenital or early-onset, progressive,
moderate hearing loss with a steeply sloping or gen-
tly sloping audiogram. A homozygote of another non-
truncating mutation also showed a distinct phenotype
of temperature-sensitive AN. One of three patients who
had only one allele of non-truncating mutation other
than p.R1939Q presented with moderate hearing loss,
whereas the other two subjects who had only one allele
of p.R1939Q or a putative splice site mutation presented

with profound hearing loss. These genotype—phenotype
correlations of OTOF were similar to those of GJB2,
i.e., more severe hearing loss was observed in subjects
homozygous for truncating mutations than in subjects
homozygous for non-truncating mutations, and more
severe hearing loss was observed in subjects homozy-
gous for a frameshift mutation (35delG) than in subjects
compound heterozygous for the 35delG and other muta-
tions (26, 27).

A patient with temperature-sensitive AN with a spe-
cific OTOF mutation was found in the present study. So
far, temperature-sensitive AN has been observed in two
siblings with heterozygous p.I515T without an accom-
panying pathogenic allele (11), three siblings with
homozygous p.E1804del (20), a compound heterozy-
gote with ¢.2975-2978delAG and p.R1607W (15), and
a compound heterozygote with p.G614E and p.R1080P
(13). The patient in this study had biallelic mutations
affecting residues specific to the long isoform. Previ-
ously, two subjects showed biallelic mutations affecting
this region, but they were not tested for OAE (16, 17).
Thus, the present patient is the first case with biallelic
mutations in this region, which indicates that mutations
in the OTOF long isoform alone are able to cause AN.
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