Genotype—phenotype correlations of OTOF

Table 2. Genetic and clinical features of patients with congenital or early-onset auditory neuropathy

Degree of hearing loss

OTOF genotype? Patient ID Age, sex GJB2 genotype? (age of test) Phenotype
p.R193Q0/p.R1939Q '
1 3, M —/— Profound (1 year 7 months) NP, flat
2 2,M —/— Profound (2 years 7months) NP, flat
3 3, M —/— Profound (3years 2months) NP, flat
4 4 M €.235delC/~ Profound (3 years 2months) NP, gently
sloping
5 2,F —/— profound (2 years 6months) NP, gently
: sloping
6 2, M —/~= Severe (2 years 10 months) NP, flat
7 2, M —/— Severe (1 year 9months) NP, flat
p.R1939Q/truncating or putative splice site®
p.R1939Q/c.1946-1965del20 8 9, M —/— Unstable (2 years 10 months)  unstable, gently
sloping
p.R1939Q/p.Y474X 9 2, M —/~— Profound (1 year 7 months) NP, flat
p.R1939Q/p.Y1822X 10 1, F pP.G45E+p.Y136X/— Profound (2 years O month) NP, flat
p.R1939Q/IVS9+4+-5G>A 11 7, F ~/— Profound (7 years 6months) NP, flat
p.R1939Q/non-truncating®
p.R1939Q/p.X1988RextX30 12 29, F p.V371/— Moderate (29years 1month) P, R: steeply
sloping
L: gently
sloping
Non-truncating/non-truncating
p.G541S/p.G5418 13 26, M —/~ Mildd (25 years 11 months) NP, flat
Various heterozygotes®
p.R1939Q/~ 14 5 F —/~ Profound (5 years 10months} NP, flat
p.D1842N/~ 15 2,F —/— Moderate (2years 9months) NP, flat
V847-2A>G/— 16 6, F —/—, Profound (6 years 11 months) NP, flat
No mutations :
17 4,F -/~ Severe (4 years 8 months) NP, gently
sloping
18 7.M -/~ Profound (7 years 4 months) NP, gently
sloping
19 8, F -/~ Severe (5years 7 months) NP, R: gently
sloping L: flat
20 8,F —/— . Profound (8years 2months) NP, gently |
sloping
21 3,F  p.2835delC/c.176-191del16 Profound (3 years 1 month) NP, flat
22 7,F -/~ Severe (7 years 10months) NP, flat
23 2, M —/—- Severe (1 year 8 months) NP, flat

F, female; ID, identification number; M, male; NP, non-progressive; P, progressive; Phenotype (course of hearing loss and audiogram

shape).

aNo mutations.

bTruncating or putative splice site mutations.
°Non-truncating mutations.
dTemperature-sensitive auditory neuropathy.

“Mutations in heterozygotes without accompanying pathogenic mutations.

Patient 13 complained of difficulty in understanding
conversation, and his hearing deteriorated when he
became febrile or was exposed to loud noise according
to his self-report. He explained that the deterioration
varied from mild to complete loss of communication.
Pure-tone audiometry when he was afebrile revealed
mild hearing loss with a flat configuration. Among three
patients who had only one pathogenic allele of OTOF,
patient 15 camrying p.D1842N presented with moderate
hearing loss, whereas patient 14 carrying p.R1939Q
and patient 16 carrying IVS47-2A>G presented with
profound hearing loss.

Discussion

The present study demonstrated biallelic OTOF muta-
tions in 56.5% (13 of 23) of subjects with congenital or
early-onset AN in Japanese population, indicating the
most frequent cause associated with this type of AN. So
far, biallelic OTOF mutations were identified in 22.2%
(2 of 9) and 55% (11 of 20) of subjects with AN in
American and Spanish studies, respectively (11, 12). In
Brazilian population, 27.3% (3 of 11) of subjects with
AN had OTOF mutations in two alleles (13). Taiwanese
and Chinese subjects demonstrated that 18.2% (4 of 22)

429



Matsunaga et al.
(a

exon

domain

(=3

] 8

[T}

° o 3
x 8 A3

o =4
o x 2 3 SRR
e 2 = e &3 58 &
@ T @ & iy = 2
@ > g v >Q ar X
= d 4 S dd Z2Zd o

21 30 48 50
] | S | B N . tle r t 10 1 L1 11
transmembrane

(b)

Human
Mouse

Rat

Cow
Chicken
Zebrafish
Mosquito  TYGPSFUVHLYG:

Ivs Exon4s

Fig. 2. The location of each mutation in OTOF and the evolutionary conservation of the amino acids or nucleotides affected by the missense and
splice site mutations. (a) Location of mutations in the OTOF coding region of the cochlear isoform. Calcium-binding domains C2A through C2F
are shown in black. (b) Multiple alignments of otoferlin orthologs at five non-contiguous regions and splice sites. Arrows indicate affected amino
acids or nucleotides. Regions of amino acid and nucleotide sequence identity are shaded. Boundaries between introns and exons are indicated in

the bottom. IV indicates intervening sequence.

Fig. 3. Predicted three-dimensional protein structures of C2F domain
in wild-type otoferlin and D1842N mutant otoferlin. (a) Ribbon model
of the otoferlin C2F domain (white) superimposed onto that of the
corresponding region of human protein kinase C gamma (hPKCy,
PDBID: 2UZP, chain A) which was selected as an optimal template
(29.5% amino acid sequence identity) (magenta). Ca** is shown as
a white sphere. The regions around D1842 of wild-type otoferlin (b)
and N1842 of mutant otoferlin (c) are overlaid with their electrostatic
surface potentials indicated by red (negative), blue (positive), and white
(neutral). The side chains of both D1842 and N1842 are located very
close (within 1.0 A) to calcium ions. D1842N changes the electrostatic
surface potential around the side chain from negative to positive in
the cellular environment (pH = 7.4), and generate repulsive force on
calcium ions.
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and 1.4% (1 of 73), respectively, had biallelic OTOF
mutations (14, 15).

The spectrum of OTOF mutations we identified dif-
fered significantly from those in other populations.
Most reported OTOF mutations in the literature have
been confined to individual families. An exception
is p.Q829X, found in approximately 3% of autoso-
mal recessive non-syndromic sensorineural hearing loss
cases in the Spanish population (18). Recently, c¢.2905-
2923delinsCTCCGAGCGCA and p.E1700Q were iden-
tified in four Argentinean families and four Taiwanese
families, respectively (12, 14). In this study, p.R1939Q
was detected in 13 families. Thus, p.R1939Q is now
the second-most prevalent OTOF mutation reported.
This mutation may be more common in Japan, as this
mutation is found in only 1 of 10753 choromosomes
in the European-American and African-American pop-
ulation by EVS. p.R1939Q was previously reported in
one family in the United States, but the origin of the
family was not detailed (19). Because no patients carry-
ing p.R1939Q have been reported in Asian population
except for the present study or in European popula-
tion, this prevalent founder mutation appears to be an
independent mutational event in Japanese.

Pathogenic OTOF mutations have been associated
with stable, severe-to-profound sensorineural heai-
ing loss with a few exceptions: ¢.20934+1G>T and
p.P1987R were associated with stable, moderate-to-
severe hearing loss (11, 19), p.E1700Q was associ-
ated with progressive, moderate-to-profound hearing
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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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